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1. INTRODUCTION 

1.1 Objectives (L. F. Landon)" 

This Preliminary Technical Data Summary (PTDS No. 3 )  presents 
an update on the best information presently available for the pur- 
pose of establishing the basis for the design of a Defense Waste 
Processing Facility (DWPF). The objective of this project is to 
provide a facility to fix the radionuclides present in Savannah 
River Plant (SRP) high-level liquid waste in a high-integrity form 
(glass). 
inary since the research and development effort will be an ongoing 
activity during the early stages of plant design. The document 
will continue to be updated as new information is obtained. 

The issue of this document is to be considered prelim- 

Additional basic data evolved from the continuing research 
and development programs and flowsheet optimization studies will 
supersede the data presently contained in this document. As indi- 
vidual data packages are formalized, the Technical Information 
Service of the Savannah River Laboratory will issue revisions to 
each individual assigned a copy of Preliminary Technical Data 
Summary No. 3 .  Additional Technical Data Summaries will be issued 
when deemed appropriate. 

The major changes in this issue relative to PTDS No. 2 
(DPSTD-77-13-2, June 1979) are as follows: 

1. Material balance flowsheets have been updated based on the 
following revised process data: 

The three-wash sludge washing scheme has been changed to a 
dewatering step followed by two washes. 

e The water content of the centrifuge sludge cake has been 
reduced from 6 . 2  to 3.0 lb H20/lb of solids. 

Solids recovery for each centrifuge pass has been increased 
from 97 to 98%. 

e 

e Solids recovery for the gravity settling operation has been 
increased from 98 to 99%. 

* Contributor. Questions concerning material in this Preliminary 
Technical Data Summary should be addressed to contributor whose 
name appears after a heading. 
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2 .  

3. 

4 .  

5. 

6 .  

7. 

8 .  

0 T o t a l  s o l i d s  con ten t  of  spray-dryer feed has  been inc reased  
from about 6% t o  1 7  w t  %. 

Volumetric underflow r e c y c l e  f o r  t h e  g r a v i t y  s e t t l i n g  opera- 
t i o n  h a s  been decreased from 10 t o  7%.  

The p a r a l l e l - t r a i n  concept of ion  exchange columns fo r  cesium 
and s t ron t ium recovery  has  been reduced t o  a s i n g l e - t r a i n  con- 
cep t  c o n s i s t i n g  of  two cesium ion  exchange columns and one 
s t ron t ium i o n  exchange column, a l l  i n  s e r i e s .  

The c l a r i f i e d  supe rna te  f r a c t i o n  of t h e  waste following t reat-  
ment by i o n  exchange w i l l  be inco rpora t ed  i n t o  conc re t e  and 
s t o r e d  o n s i t e  a s  l a r g e  monoliths i n  an intermediate-depth land 
b u r i a l  s i t e .  

The c a n i s t e r  overpack and a s s o c i a t e d  equipment and o f f s i t e  
sh ipping  f a c i l i t i e s  a r e  e l imina ted  from t h e  scope of t h i s  
document. 

The c a p a c i t y  of t h e  glass-waste in t e r im-s to rage  f a c i l i t y  has  
been inc reased  t o  6500 c a n i s t e r s .  

The c a n i s t e r s  w i l l  undergo a two-step decontamination proce- 
du re  i n  Mechanical C e l l s  A and B. A n i t r i c  acid-sodium 
f l u o r i d e  s o l u t i o n  w i l l  be used i n  t h e  f i r s t  s t e p  followed by 
an o x a l i c  a c i d  c l ean ing  s t e p .  

Sludge s e t t l i n g  r a t e  i n  Grav i ty  Se t t le r  inc reased  from 10 t o  
20 inches lhour .  

Add i t iona l  a l t e r n a t i v e s  t o  t h e  t e c h n i c a l  bases  presented  h e r e  w i l l  
con t inue  t o  be eva lua ted  as p o t e n t i a l l y  v a l u a b l e  c o n t r i b u t i o n s  
toward improved o p e r a b i l i t y  and/or reduced c o s t  o f  t h e  f a c i l i t y .  
These a l t e r n a t i v e s  w i l l  be handled on an i n d i v i d u a l  b a s i s  i f  and 
when a c l e a r - c u t  advantage becomes apparent .  

1 . 2  Background (L. F. Landon) 

S ince  1953, t h e  Savannah River P l a n t  (SRF'), near  Aiken, 
South Caro l ina ,  has  been producing s p e c i a l  nuc lea r  materials,  
p r imar i ly  plutonium and tritium, fo r  de fense  purposes.  The SRP 
f a c i l i t i e s  were cons t ruc t ed  and opera ted  by t h e  Du Pont Company 
i n i t i a l l y  fo r  t h e  Atomic Energy Commission (AEC) , now t h e  Depart- 
ment o f  Energy (DOE). The SRP s i t e  occupies  an a r e a  of  about 300 
square  m i l e s  a long  t h e  Savannah River, about 25 m i l e s  downstream 
from Augusta, Georgia. SRP i n c l u d e s  a nuc lea r  f u e l  f a b r i c a t i o n  
p l a n t ,  t h r e e  product ion  r e a c t o r s ,  two f u e l  r e p r o c e s s i n g  p l a n t s ,  
and a f a c i l i t y  f o r  producing heavy water. 
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The S W  o p e r a t i o n s  produce h igh- leve l  r a d i o a c t i v e  waste i n  
t h e  chemical process ing  of  f u e l  and t a r g e t  elements a f t e r  i r ra-  
d i a t i o n  i n  t h e  SRP nuc lea r  r e a c t o r s .  This  waste i s  s t o r e d  i n  
l a r g e  underground t anks  as an a l k a l i n e  l i q u i d  with a p r e c i p i t a t e d  
s ludge  u n t i l  t h e  decay h e a t i n g  has  aba ted  apprec i ab ly .  
supe rna tan t  l i q u i d  i s  evaporated and r e t u r n e d  t o  t h e  t anks  t o  form 
a s a l t  cake t o  reduce  volume and m o b i l i t y .  

Then t h e  

I n  1971, t h e  Div is ion  of  Waste Management and T r a n s p o r t a t i o n  
was formed i n  t h e  AEC and published i n i t i a l  p l ans  fo r  t h e  long- 
t e r m  management of de fense  waste. For SRP, t h e  p lan  was s t o r a g e  
of l i q u i d  waste i n  a deep-mined cavern under t h e  S W  s i t e .  
November 1972, t h e  AEC d e f e r r e d  f u r t h e r  s tudy  of  t h a t  s t o r a g e  
o p t i o n  i n  favor of  an i n v e s t i g a t i o n  of  t h e  convers ion  of  S X P  waste 
t o  a h i g h - i n t e g r i t y  s o l i d .  The s t a t u s  of  t h e  technology, t e c h n i c a l  
d a t a  base ,  proposed des ign  c r i t e r i a ,  and es t imated  r i s k s  fo r  t h e  
deep-mined cavern  were summarized i n  a Technica l  Assessment [ l ] .  

I n  

As a f i r s t  s t e p  i n  e v a l u a t i n g  waste forms fo r  Savannah River 
waste, a survey was made of  a l l  p e r t i n e n t  forms and p rocesses ,  and 
t h e  a p p l i c a b i l i t y  of  t h e s e  waste forms and processes  t o  S R w a s t e  
was eva lua ted  [ 2 ] .  One of t h e  p r i n c i p a l  conclus ions  of t h i s  eva l -  
u a t i o n  was t h a t  t h e  presence  of t h e  s o l u b l e  s a l t s  (NaN03, Na2C03, 
e t c . )  p resented  s i g n i f i c a n t  d i f f i c u l t i e s  i f  t h e s e  s a l t s  had t o  be  
inco rpora t ed  i n t o  a h i g h - i n t e g r i t y  form such a s  g l a s s  or  conc re t e .  
A process  f o r  s e g r e g a t i n g  t h e  s o l u b l e  s a l t s  from t h e  r a d i o n u c l i d e s  
was suggested based on phys ica l  s e p a r a t i o n  o f  t h e  i n s o l u b l e  s ludge  
and supe rna te  v i a  c e n t r i f u g a t i o n  and f i l t r a t i o n  and s e p a r a t i o n  of 
s o l u b l e  r a d i o n u c l i d e s  i n  t h e  supe rna te  ( p r i n c i p a l l y  Cs-137) by ion  
exchange. 

Subsequent l a b o r a t o r y  s t u d i e s  showed t h a t  t h e  s e p a r a t i o n  o f  
n u c l i d e s  from s o l u b l e  s a l t s  was f e a s i b l e  [31 ,  t h a t  conc re t e  was an  
a c c e p t a b l e  waste form [ 4 ] ,  bu t  t h a t  g l a s s  had t h e  h i g h e s t  i n t eg -  
r i t y  ( p r i n c i p a l l y  g r e a t e r  leach  r e s i s t a n c e  i n  water and absence of  
o f f -gas s ing  when hea ted  [ 5 1 .  

Concurrent wi th  i n i t i a l  smal l - sca le  r e s e a r c h  i n  t h e  Savannah 
River Laboratory (SRL), conceptua l  s t u d i e s  were c a r r i e d  ou t  a s  a 
j o i n t  e f f o r t  between SRL, SRP, and t h e  Du Pont Engineer ing  Depar t -  
ment t o  e v a l u a t e  t h e  f e a s i b i l i t y  and c o s t  o f  s e l e c t e d  o p t i o n s .  
These s t u d i e s  inc luded  e v a l u a t i o n  o f  b a s i c  parameters  such as 
waste form, d i s p o s a l  mode f o r  t h e  s o l i d  r a d i o a c t i v e  waste form 
and t h e  decontaminated s a l t s ,  p rocess ing  ra tes ,  e t c .  

During t h i s  same pe r iod ,  SRL a l s o  made an o v e r a l l  e v a l u a t i o n  
of  t h e  c o s t s  and r i s k s  of  a l l  o p t i o n s  fo r  long-term management o f  
Savannah River waste. This o v e r a l l  e v a l u a t i o n  inc luded  o p t i o n s  
such a s  o n s i t e  bedrock s t o r a g e  and continued tank  s t o r a g e  as w e l l  
a s  s o l i d i f i c a t i o n  [ 6 ] .  
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I n  1977, t h e  fo l lowing  r e f e r e n c e  process  was chosen: 

e Inco rpora t ion  of r a d i o n u c l i d e s  i n  g l a s s  and o f f s i t e  shipment t o  
a Fede ra l  r e p o s i t o r y .  

e Return of t h e  decontaminated supe rna te  as damp s a l t  cake t o  
o n s i t e  bulk s t o r a g e .  

e Process ing  a l l  >S-year-old waste.  

I n  August 1978, a P re l imina ry  Technica l  Data Summary (PTDS 
No. 1 )  was i s sued  which presented  t h e  b e s t  in format ion  t h a t  was 
c u r r e n t l y  a v a i l a b l e  f o r  t h e  purpose of e s t a b l i s h i n g  t h e  b a s i s  f o r  
des ign  of  a Defense Waste P rocess ing  F a c i l i t y  [ 7 ] .  This  document 
w a s  updated and r e i s s u e d  i n  June 1979 (DPSTD-77-13-2). The 
c u r r e n t  r e f e r e n c e  process  flowsheet i s  shown schemat ica l ly  i n  
F igure  1.1. 

1 . 3  Design C r i t e r i a  and Basic Assumptions (L. F .  Landon) 

1. The waste p rocess ing  f a c i l i t y  w i l l  be loca t ed  a t  a new s i t e  
(200-S Area) on t h e  SRP s i t e  i n  r easonab le  proximity t o  t h e  
F and H-Area I n t e r i m  Waste Storage  F a c i l i t i e s .  

2 .  The waste p rocess ing  f a c i l i t y  i s  designed fo r  an average 
a t t a i n e d  r a t e  o f  9 gpm equ iva len t  feed on a r e c o n s t i t u t e d  
b a s i s .  

3 .  The aged waste w i l l  be  sepa ra t ed  i n t o  two f r a c t i o n s ,  a super- 
n a t e  f r a c t i o n  and a s ludge - s lu r ry  f r a c t i o n ,  fo r  feed t o  t h e  
DWPF. The supe rna te  f r a c t i o n  i s  composed of decanted super- 
n a t e  and r e d i s s o l v e d  s a l t  cake. The s ludge - s lu r ry  f r a c t i o n  
i s  prepared by s l u r r y i n g  t h e  in- tank ,  s e t t l ed - s ludge .  

4 .  The waste w i l l  be processed t o  o b t a i n  a b o r o s i l i c a t e  g l a s s  
( c o n t a i n i n g  e s s e n t i a l l y  a l l  t h e  r a d i o a c t i v i t y )  and a concre te -  
s a l t  ma t r ix  ( con ta in ing  very low concen t r a t ions  of  r ad io -  
a c t i v i t y ) .  

5 .  The chemical composition of  t h e  waste feed t o  t h e  DWPF i s  
based on p a s t  ana lyses  of supe rna te  and s ludge  samples ob- 
t a i n e d  from e x i s t i n g  waste s t o r a g e  t anks .  For planning 
purposes p e r f e c t  b lending  of  t h e  two waste f r a c t i o n s  a t  t h e  
t i m e  o f  p l a n t  s t a r t u p  i s  assumed i n  c a l c u l a t i n g  m a t e r i a l  
ba lances .  
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6 .  C l a r i f i e d  supe rna te  fo l lowing  ion  exchange, w i l l  be incor -  
pora ted  i n t o  c o n c r e t e  and s t o r e d  a s  a c o n c r e t e  ma t r ix  i n  a 
new in te rmedia te -depth  land b u r i a l  f a c i l i t y .  The c l a r i f i e d  
supe rna te  f r a c t i o n  of t h e  waste feed w i l l  be s u f f i c i e n t l y  
decontaminated such t h a t  t h e  r a d i o n u c l i d e  con ten t  of  t h e  
s a l t c r e t e  w i l l  conform t o  t h e  p r o j e c t e d  NRC waste c l a s s i f i -  
c a t i o n  C .  

7 .  The r a d i o n u c l i d e  composition o f  t h e  waste i s  based on t h e  
fo l lowing  : 

0 Reactor o p e r a t i o n  fo r  t h e  l a t e  1980 ' s .  

e I r r a d i a t e d  f u e l  i s  cooled f o r  180 days be fo re  process ing .  

0 The high-heat and low-heat waste streams genera ted  dur ing  
f u e l  r e p r o c e s s i n g  a r e  blended i n  t h e  p ropor t ion  they a r e  
genera ted  . 

8.  The only  c u r r e n t  r e g u l a t o r y  requirement fo r  t h e  g l a s s  waste 
form i s  t h a t  i t  be a s o l i d .  P o s s i b l e  f u t u r e  c r i t e r i a  and 
r e g u l a t i o n s  r ega rd ing  t h e  uni formi ty  of  t h e  g l a s s ,  maximum 
b e a t  o u t p u t ,  l e a c h a b i l i t y  l i m i t s ,  chemical composition, e t c . ,  
may a l t e r  t h e  scope of t h e  p r o j e c t .  

9 .  The glass form w i l l  be s t o r e d  o n s i t e  i n  an a i r -cooled  v a u l t .  

10.  The r a d i o a c t i v e  b o r o s i l i c a t e  g l a s s  w i l l  be conta ined  i n  a 
2- f t -d iameter ,  10-ft-long s tee l  c a n i s t e r .  Approximately 3260 
l b s  of  g l a s s  w i l l  be loaded i n t o  each c a n i s t e r  f i l l i n g  i t  t o  
approximately 80%. 

11. S e l e c t i o n  o f  m a t e r i a l s  of c o n s t r u c t i o n ,  p a r t i c u l a r l y  fo r  
i t e m s  t h a t  would be very  d i f f i c u l t  t o  r ep lace  (such as 
embedded p ip ing )  should assume t h e  DWPF w i l l  even tua l ly  be 
decontaminated with n i t r i c  a c i d .  

12 .  This  document does n o t  addres s  t h e  t e c h n i c a l  bases  fo r  prep- 
a r a t i o n  of t h e  feed t o  t h e  DWPF ( s ludge  s l u r r y i n g ,  s a l t  cake 
d i s s o l u t i o n ,  waste tank  c l e a n i n g ,  and excess  o x a l i c  a c i d  
d i g e s t i o n ) .  
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2. FEED DESCRIPTION 

2 . 1  General  

The high- and low-heat a c i d i c  waste genera ted  from t h e  
s e p a r a t i o n s  processes  (Appendix 13.1) are n e u t r a l i z e d  wi th  sodium 
hydroxide p r i o r  t o  t r a n s f e r  t o  i n t e r i m  s t o r a g e .  
of t h e  wastes causes  p r e c i p i t a t i o n  of i n s o l u b l e  compounds ( s ludge)  
of s t a b l e  and r a d i o a c t i v e  f i s s i o n  p roduc t s ,  a c t i n i d e  e lements ,  
and elements  added i n  t h e  p rocesses ,  p r i m a r i l y  Fe ,  Mn, A l ,  and Hg. 
The n e u t r a l i z e d  wastes are t r a n s f e r r e d  t o  s e l e c t e d  underground 
waste t anks ,  according t o  t h e i r  h e a t  con ten t s .  A f t e r  t h e  wastes 
have aged (dur ing  which the  i n s o l u b l e  f r a c t i o n  of t h e  w a s t e  s e t t l e s  
o u t )  [ 1 , 2 ] ,  t h e  supe rna te s  are t r a n s f e r r e d  t o  an  evapora tor  f o r  
dewater ing.  The concen t r a t e  from t h e  evapora tor  is  t r a n s f e r r e d  
t o  cooled waste tanks  where t h e  coo l ing  causes  t h e  s a l t  t o  c r y s t a l -  
l i z e .  Fresh  n e u t r a l i z e d  waste has  been added t o  t h e  s ludge  h e e l  
i n  some t anks ,  and t h e r e  has  been some mixing of high- and low-heat 
waste s ludges .  I n  o t h e r  cases s ludge  has  been removed from several 
tanks  and t r a n s f e r r e d  t o  o t h e r s .  Tanks from which s ludge  has  been 
removed have been used t o  r e t a i n  sa l t  from t h e  concen t r a t ion  of 
superna te .  Thus, s ludge  composition and c h a r a c t e r i s t i c s  are 
v a r i a b l e  and are n o t  on ly  a f u n c t i o n  of s ludge  source  and age ,  
bu t  are a f f e c t e d  by waste management p r a c t i c e s .  V a r i a t i o n s  can 
occur  not  on ly  from tank  t o  tank  but  a l s o  w i t h i n  a tank  as a func- 
t i o n  of l o c a t i o n  and depth.  

N e u t r a l i z a t i o n  

2.2 Feed Composition 

2.2.1 Chemical Composition (A.  J. H i l l ,  J. R. Wiley) 

Table 2 . 1  summarizes t h e  chemical composition of t h e  s o l u b l e  
and i n s o l u b l e  f r a c t i o n s  of t h e  two  waste streams t h a t  comprise 
t h e  f eed  t o  the  process ing  f a c i l i t y .  
c a l c u l a t i n g  these  compositions are p resen ted  i n  Chapter 4 and 
Appendix 13.2.  

The d e t a i l e d  bases  f o r  

2.2.2 Radionuclide Composition (J. R. Chandler) 

The concen t r a t ion  of r ad ionuc l ides  i n  the  supe rna te  and 
s ludge - s lu r ry  feed streams f o r  5 and 15-year-old waste are tabu- 
l a t e d  i n  Tables  2.3 through 2.10. The d i s t r i b u t i o n  of  r a d i o n u c l i d e s  
between g r a v i t y - s e t t l e d ,  in - tank  s ludge  and supe rna te  are t a b u l a t e d  
i n  Table 2 .11 .  The bases  f o r  r ad ionuc l ide  composi t ion c a l c u l a t i o n s  
are o u t l i n e d  i n  d e t a i l  i n  Chapter 7 .  
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2 . 3  Sludge Desc r ip t ion  (A. J. H i l l ,  J. A. Stone)  

2 . 3 . 1  General1 

I n s o l u b l e  s o l i d s  r e p r e s e n t  7 . 3  volume pe rcen t  of t h e  
n e u t r a l i z e d  wastes t r a n s f e r r e d  from t h e  Sepa ra t ion  F a c i l i t i e s  
t o  t h e  waste tank farm. During ag ing ,  t h e  s ludge  s e t t l e s  t o  
t h e  bottom of t h e  waste tank.  About t h ree - fou r ths  of t h e  s e t t l e d  
s ludge  i s  compacted i n t o  a s t i c k y ,  da rk  brown, g e l a t i n o u s  mass. 
The remainder i s  l o o s e l y  s e t t l e d ,  f i n e l y  d iv ided  material of 
e s s e n t i a l l y  t h e  same composition. Sludge, as sampled, is  a 
mixture  of water s o l u b l e  sa l ts ,  i n s o l u b l e  s o l i d s ,  and i n t e r s t i t i a l  
l i q u i d .  Following c e n t r i f u g a t i o n  and d ry ing ,  approximately 70-80% 
of t h e  s ludge  i s  a complex mixture  of ox ides  and hydroxides  of 
manganese, i r o n ,  and aluminum, p l u s  uranium, mixed f i s s i o n  products ,  
and a c t i n i d e s .  

2 . 3 . 2  C h a r a c t e r i s t i c  Types of Sludge 

The p l a n t  f eed  r e p r e s e n t s  a weighted average o r  composite 
composition based on i n d i v i d u a l  tank  ana lyses .  
t o  recognize  t h a t  t h i s  composition assumes p e r f e c t  b lending  of 
t h e  s ludge  i n  s t o r a g e  i n  both  areas and t h a t  r epor t ed  s ludge  
ana lyses  from a g iven  tank  approximate t h e  composition of t h e  
e n t i r e  tank.  

It i s  important  

2 . 3 . 3  Chemical Components of Sludge 

The r e p r e s e n t a t i v e  e lementa l  composition of SRP s ludge  i s  
l i s t e d  i n  Table 2 . 1 2 .  More d e t a i l e d  ana lyses  f o r  s ludges  from 
several SRP tanks  are shown i n  Appendix 1 3 . 3  and Reference 3 .  

2 . 3 . 4  P h y s i c a l  P r o p e r t i e s  

2 . 3 . 4 . 1  Densi ty  

A d e n s i t y  of 1 . 3 6 9  g /cc  f o r  in - tank  s e t t l e d  s ludge  w a s  used 
i n  c a l c u l a t i n g  t h e  r e f e r e n c e  ,feed. 

2 . 3 . 4 . 2  V i s c o s i t y  

The v i s c o s i t y  of s ludge  suspens ions  i n  supe rna te  have been 
measured as a f u n c t i o n  of t h e  volume r a t i o  of s ludge  t o  superna te .  
For t h e s e  tests s y n t h e t i c  supe rna te  and s y n t h e t i c  s ludge  were 
used t o  r e p r e s e n t  t h e  c h a r a c t e r i s t i c s  of e a r l y  samples of s ludge  
from Tanks 12 and 14 .  The r e s u l t s  are  shown i n  F igure  2 . 1 .  
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V i s c o s i t y  d a t a  on a c t u a l  s ludge  are summarized i n  Table 2.13. 
Apparently,  v i s c o s i t i e s  of 1:l mixtures  of c e n t r i f u g e d  s ludge  and 
supe rna te  may va ry  from 10 t o  100 cp depending on t h e  s ludge  type.  

2.3.4.3 S e t t l i n g  Ve loc i ty  

I n  e a r l y  s t u d i e s  of t h e  p r o p e r t i e s  of s ludge  [ 5 ] ,  a sample 
from Tank 12H w a s  s l u r r i e d  wi th  s u p e r n a t e  ( s p e c i f i c  g r a v i t y  = 1.25) 
and allowed t o  sett le.  The observed s e t t l i n g  rate f o r  t h e  major 
p o r t i o n  of t h e  s ludge  w a s  6 i n . / h r  wh i l e  t h a t  of t h e  f i n e r  material 
w a s  1 i n . / h r .  The s e t t l e d  volume of s ludge  w a s  25% of t h e  t o t a l  
mix ture  and t h e  volume of s ludge  a f t e r  c e n t r i f u g a t i o n  w a s  about  
h a l f  t h e  s e t t l e d  volume [5] .  S e t t l i n g  rates i n  d i l u t e  sodium 
hydroxide f o r  e a r l y  samples of s ludge  from Tanks 2 and 9 are shown 
i n  F i g u r e  2 .2 .  The as- rece ived  s ludge  w a s  s t i r r e d  v igo rous ly  i n  a 
graduated  c y l i n d e r  and allowed t o  se t t le .  The s ludges  s e t t l e d  w i t h  
a ve ry  s h a r p  i n t e r f a c e  between s ludge  and supe rna te ,  w i th  no t a i l  
of f i n e s  ex tending  i n t o  t h e  i n t e r f a c e  [ 4 ] .  However, t h i s  s h a r p  
i n t e r f a c e  w a s  n o t  observed fo l lowing  s ludge  t r a n s f e r  from Tank 11H 
t o  13H (F igure  2 .3) .  The s e t t l i n g  behavior  w i l l  be dependent on 
t h e  s p e c i f i c  g r a v i t y  of t h e  supe rna te .  The d a t a  i n  F igu re  2.2 
should be  a p p l i e d  only  t o  s e t t l i n g  behavior  i n  wash water o r  i n  
d i l u t e  tank  rinses. 

I n  r e c e n t  s e t t l i n g  tes ts  w i t h  washed Tank 16H s ludge ,  r e p e t i -  
t ive  tests showed good r e p r o d u c i b i l i t y  of s ludge  s e t t l i n g  rates.  
The s ludge  s e t t l e d  f a i r l y  r a p i d l y  a t  f i r s t ,  bu t  t h e  s e t t l i n g  ra te  
diminished w i t h  t i m e .  
was 9 : l .  
f i r s t  10  minutes ,  about  4 i n . / h r  f o r  t h e  f i r s t  hour ,  and about  
0.3 i n . / h r  f o r  16 hours .  
s e t t l e d  s ludge  w a s  observed a f t e r  16 hours .  

The i n i t i a l  volume r a t i o  of wa te r / s ludge  
Average s e t t l i n g  rates were about 1 5  i n . / h r  f o r  t h e  

No s i g n i f i c a n t  change i n  t h e  volume of 

2.4 Supernate Desc r ip t ion  (R. S. Ondrejcin) 

2.4.1 Genera l  

Supernate s o l u t i o n  from about  h a l f  of t h e  w a s t e  t anks  a t  SRP 
has been sampled and c h a r a c t e r i z e d  [6 ,7 ] .  Table 2.14 l i s ts  t h e  
c o n c e n t r a t i o n  of major components of t h e  supe rna te .  D e t a i l e d  
ana lyses  f o r  major chemical components i n  supe rna te  samples taken  
s i n c e  1972 are shown i n  Appendix 13 .4  Minor i o n s  which have a l s o  
been i d e n t i f i e d  i n  the  supe rna te  are P043-, C1-, Cr042-,  and NH4+. 
Trace metals i n  t h e  s u p e r n a t e  are Fey  Hg, Ag, Pb, and U .  Analyses 
of t r a c e  elements are a v a i l a b l e  i n  Reference 6. 
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2.4.2 Densi ty  

A d e n s i t y  of 1.242 g / cc  f o r  in - tank  supe rna te  was used f o r  
c a l c u l a t i n g  r e f e r e n c e  feed. 
d e s c r i p t i o n  f o r  c a l c u l a t i n g  t h e  d e n s i t y  of supe rna te .  

See Appendix 13.1 f o r  a d e t a i l e d  

2 . 4 . 3  V i s c o s i t y  

The v i s c o s i t y  of t h e  r e f e r e n c e  waste tank  supe rna te  i s  
about 2 cp. 
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TABLE 2.1 

Chemical Composition of Soluble  and Inso luble  F r a c t i o n  
of DWPF Feed (Dry Basis)  

l b / h r  
Solubles  I n s o l u b l e s  

Sludge-Slurry Feeda 144.2 103.1 
Supernate Feedb 1975 1.302 

Soluble  S o l i d s ,  w t  % I n s o l u b l e  S o l i d s ,  w t  % 

NaNO 3 4. 69+01L Fe (OH) 3 3.85+01 
NaN02 1.80+01 UO2 (OH) 2 2.91 

NaA102 9.71 C a C 0 3  3.82 

NaOH 7.24 N i  (OH) 2 4.42 

Nap203 7.54 Na20 1.93 

Na2S04 1.01+01 N a N 0 3  1.14 

Na 2C 20: 1.23-01 Na2S04 6.15-01 

N a C l  3.05-01 Mn02 7.58 

NaF 1.99-02 Hg (OH) 2 1.16 

N a  [HgO (OH) 1 6.08-02 N a C l  1 .23  

NaF 1.29-01 

C 1.31 

A 1  (OH) 3 3.44+01 
Si02 5.62-01 

HgI 2 3.13-01 

a. Actual  s ludge conta ins  1.95 l b  suspended s o l i d s  p e r  g a l l o n  
w i t h  a s p e c i f i c  g r a v i t y  of  1.37. Dissolved salts are 
p r e s e n t  a t  %29% by weight ,  e x c l u s i v e  of suspended s o l i d s .  
Sludge-slurry f e e d  i s  prepared by s l u r r y i n g  wi th  water such 
t h a t  t h e  r e s u l t i n g  volume i s  twice t h e  s ludge  volume. 

Supernate feed i s  c o n s t i t u t e d  t o  Q29 w t  % sa l t  s o l u t i o n  by 
d i s s o l v i n g  t h e  sa l t  cake i n  t h e  tank w i t h  r e c y c l e  w a t e r .  

c. Modified s c i e n t i f i c  n o t a t i o n  used throughout t h i s  r e p o r t .  
For example, 4.69+01 is  equiva len t  t o  4.69 x 10’; i . e . ,  46.9. 

d. Not accounted f o r  i n  superna te  f r a c t i o n  of s ludge-slurry f eed .  

b. 
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Table 2 . 2  (Deleted) 
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c c 

I 

p3 

4 

I 

TABLE 2.3 
ISOTOPIC CONTENT Iglsal) OF SUPERNATE 
FEED STREAM - 5 YEARS 

CCNCENTRPTI C h  

5.45 i 5 i€- 35 
4.2S58iC-04 

1.32501E-04 
7.74 23 3 t -  1 5 
2.63963F-J 5 
4. ?ii 2 IF- 3 6  
2.1m4°1'--"8 
3.73t6Cr-16 
1.76 ' 175-3 5 
1.2165 1 t - 3  5 
F.?ZP57F-C7 
1.5 845 5F- 5 
7 I b e  6 4 1  = - l9  
c. I l C R i E - O t  
t .5 164  7€-)  7 
?. 374785-> 6 
2.6 2 C 3 dF-O t 
3.5216tE -1 6 :. t 5 3 C I F - 3 t  
1.4655 1-09 
4.6829SF-16 
f.57C415-11 
t . 1 1 7 1 i i '  6 
4.9432 CE-64 
1.41 13 tE -J  5 
3.75 5 ? 1 € -  t b  
4. E O ? P  i T - 3 t  

2.1427 3r-J h 
t . 712C lC-14  
5.1( 1 0 5 t - 1 6  
1.55474:*,7 
1. i4 iP5F-OE 
1 .65511€-?5  
F. 2 0 3 t t Y - J F  
7.1957iE-)  7 
7 . 4 4 3 9 9 - 1  3 
t.56C9dE-1 I 
1.96634F-14 

- - - -- - - - - - - - - 

7.7427 P E -  I 4 

I .oe 5 7 7'-1.7 

I S C T C W  

T E l 2 9  
TF129Y 
TE133 

I 1 2 7  
1 1 2 9  
I 1 3 1  

C S133 
CS 1 3 4  
C S135 

CS137 
PA1?4  
R b  136 
RA136CI 
EA137  
PA1 37M 
@AI 38 
PA140  
1 A1 39 
LA140  
C F 1 4 J  
CF141 
t i 1 4 2  
CE144 
PP141 
PPL43 
pF144  
Pf i144Y 
W 1 4 2  
t o 1 4 3  
YI) 1 4 4  
hC145  
hD146 
VO147 
YD148 
NDlFJO 
PM147 
PY148 
PM14PP 
Sf4147 

------- 

r s i 3 t  

C Ckf EWRA T I  CN 

7,82654:-25 
8.469592-22 
7.119317- J 4 
8.15234F-35 
3.4'#4?2:-~4 
4.8746 - 7 3 
4. 71463:-32 
3. .; 2 1561  - '4 
5 . 8 6 4 b 5 t  -33 
1. 5 6 3 3 l C - 4 7  
4.1642G-22 
1.449976 -3 3 
1. 5 1 t 5 2 = - \ 4  
1.37176F-54 
7. 7257 > F - ) 3  
6 .  3 4 5 2 X -  J S  
5.3919 R; -3 2 
5.67559=-46 
1.13767c - >  3 
2.36795C-40 
1.12136-- '3  
3.346J 2;-21 
1.054R9'-33 
e .  i '636- -c 6 
1 - 9 5  13 Zc-J 3 
4.72394--45 
3.462727- Iv 
1.731336 -12 
3. l34JSC-,b 
1.2549 T E -  J 3 
1.07845: - 3 3  
6. $3117 V- ? 4  
5 -63 12 6 F  -J4 
4.1b571'-55 
3.25482'-#14 
1.35403c -34  
6 . 9 1 5 6 I -  15 
1.12ZA22-21 
l . Z S Z l l ? - l Y  
i . i 2 7 9 3 c -  I 4  

--_-- -------- I S C T C P E  

S P l 4 8  
C P l 4 0  
SMlSu 
f r 1 5 ;  
CP152 
5 W 1  c 4  
EL151 
F L 1 5 7  
FU153 
f U 1 5 4  
E L 1 5 5  
F U l 5 b  
1 8 1  59 
T R l h L  
T L208 

1222  
U234 
L735  
U 2 3 t  
U238 

h P 2 3 b  
NP231 
FUZZ6 
PL2?7  
FU23e 
FU239 
PU24-J 
PU241 
PL242 
AM241 
b b 2 4 2  
AP24iM 
BP24; 
C b 2 4 2  
C r 2 4 3  
CP2k4 
CP245 
CY246 
c P747 
C C I i 4 8  

- -- -- -- CCKCEhTRATIPN 

1.9762 4.5 3 1 9 4 t  2E+5 -0 5 

2 .73174-L4  
2.45551E-U5 
9 . 8 5 9 7 8  4 5 
1.7502G-O5 
6.35 68 9 F -37 
3 . 4 1 6 4 9 = - ~ 8  
3.3t439E-05 
3.76144F- 6 
l . t7267E-C6 
1.55721E-42 
5.42166c->7 
7.6337E-16 
2 A 8  247F-17 
3. $0 514E -10 
1.2044RE-Ct .. . 3 5 3.% T -I 5 
2.2262ZE-95 
1.41040t-53 
2.14331F-12 
2.04C87E-35 
1 -93378E-15 
t. 15S45E -22 
7.1551%-05 
1 . R 6 6 ~ 5 F 4 ' 4  
?. 29E5ZE-35 
1 -35769E-05  
2.54156c -C t 
5.13625E-C6 
2 .a756 2F-14 
2.43 5 1  7E -cs 
4.7C 564€-O8 
1.12 3 6 1  5-1 1 
1.75277:-10 
3.27 95 4F-09 
6 - 2 8 7 1  4F -1 1 
i . R l i 3 2 E - 1 2  
1 .14468 f -14  
2.613975-16 

- -- - - -- -- ---- 



TABLE 2.4 
ISOTOPIC CONTENT (g/gal) OF SUPERNATE 
FEED STREAM - 15 YEARS 

I 

N 

CQ 
I 

I 

COYCENTRAT 13'4 

1.34911L-,8 
2.02 5bOE -66 
t. 57t51E-23 
2.143 172 -06 
5 . 5 3 2 0 7 ~ - 0 6  
1.4557* -L s 
3 -46955  i - 3 5  
7. L 1294, -,5 
7. ? 1 4 3 1 1 - ~ 5  
1.79578 i-uu 
2. 61386E-L4 
2-747202-36 
2.92 8495 4 4  
3.4 R 5 7 s  -04 
7.62323=-03 
1.153191-32 
1 . 2 8 2 J Z - 0 4  
4.09 1 8  42  -04 
4.199381-c4 
7 . 2 9 9 Z F - J 4  
4 -66 272- - 5 4  
1.2512%-29 
4.6R320E-34 
1.45 '6~2-29 
0.79994:-31 
5 - 0 9 1 4 9 ~ - 0 4  
2.666665 - J6 
4. R613 3E-04 
4.5 1 3 1 4 i -04 
5.34848=-04 
1.66226,-32 
1.53895:-.4 
1.44Q92; - J 2  
1.26265Z-JZ 
t.=99532-45 
6.23411:-03 
5.345541-18 
1.73353c-lJ4 

------------- lSOTc!CC ------- 
Q H l C 3 Y  
R H l J 6  
PD104 
03105 

P D l  C 7  
oD1CE 

AG1LC 
4 5 1  10 
CD11d 
C D l I l  
CD112 
CD113 
CD114 
CD115r  
CF116  
SN116 
j N 1 1 7  
i N l 1 8  
5N119 
SN12C 
5N121M 
5 N l 2 2  
SN123 
SN124 
5 N126 
5 8 1 2 1  
St3123 
3-31 24  
S 9 1 i L  
i R l 2 6  
i R 1 2 6 r  
T E l 2 2  
1 5  1 2 4  
T C l i 5  
TF125P 
TT126 

P n i o t  

p o i  10 

CCYCEkTRA TI Ch 

1.3741 LE - 4 7  
5. C 128 i F - 1 4  
5.45252F-05 
4.25582F-04 
7.8058 FF-O 4 
1.32501F-04 
1 - 7 4  Z ? I E - Q 5  
2.63963F-7 5 
4. 32231F-15 
f . C854 ?E-1 3 
3. 7 5 6 6  5 E -'J 6 
1. 7 t417F-05  
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5.90894 E-3 6 
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7.2478 3E 4 8 
i .1546CF-95 
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---- ----___-- 

e. 3 2 85 7 r-0 7 
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fS@TOPF 

TE127  
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I 1 2 7  
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EA137  
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CE141 
CF142  
CE144 
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PR144 
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ND146 
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FM147 
PM148 
PM148M 
SMl47 
SM148 
S M l 4 9  

____-I 

~r 1 4 8  

CChCFhTRATICN 

1.99912E-23 
5.71033E-21 
1.96634F-O 4 
9.42354F-58 
1. J 1 9 4 X  - 5 4  
7.11931E-04 
8.15235E-05 
?.4>42 lC- J4 
4.71463E-02 
1.04453F -05 
5.86463E-0 3 
3 .33772E-JZ 
1.7415?F-J3 
1.51652F - 3 4  
1.62910F -02 
5.940 E - 9 9  
5.091 8 RE -0 2 
1.13767E-03 
1.12 1365 -4 3 
5.33388F-55 
1.8548 8E-u3 
1.1173 8F-J9 
1.35132E-J3 
4.7 1 3 5 G  - 1 4  
2.35673F-16 
3.73495E-06 
1.2549 - J 3 
1.38665F-33 
t. 53789F-44 
5.63O26E-3 4 
3.256FlZF -04 
1.3049 Y -  1 4  
4.9224OE-36 

2 . 9 8 6 2 S - 4 6  
2.87326F-04 
4.93794=-.*5 
1.92672F -9 5 

- -__--- - - - - -- 

2.67771--48 

ISOTCPF 

SY150 
S.Cl51  
S V l 5 2  
S C154 
F L l L l  
EU152 
EU153 
EL154  
EU155 
Tfl159 
18160 
TL208  

L232  
U t 3 4  
U235 
1 2 3 6  
U238 

F F236 
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FU2 3 6  
PU237 
PU238 
FU239 
PL24u  
PU24 1 
FU242 
4H241 
6C242 
4W242M 

CC242 
C Y24 1 
c r 2 4 4  
C C245 
CM24t  
CP247 
C r 2 4 8  

------- 

n u 2 4 3  

CChCEhlRAT ION 

2.7?170€-04 
2.27904E-835 
5.85F78E-05 

------------- 

i . r 5 o z e ~ - o 5  
1 . 7 z n r ~ - ~ 6  
2.00 3 8 3 ~ - c  e 
3.36439E-05 
1.67511E-06 
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5.42 166E-C7 
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1.2044Y-06 
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2.92622E -05 
1.4 104% - 0 3  
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4.93512E -46 
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1.8655 1E-04 
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1-01 151E-05 
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TABLE 2.5 

c 

. . .- - - -. - 
ISOTOPIC CONTENT (Cilwl) OF SUPERNATE 
FEED STREAM - 5 YEARS 

I S C T G P F  

94123 
i N 1 2 6  
59124 
501;: 
; 81 26 
SR126V 
T E l i %  
1 5 1  27 
Tt127M 
T E1 ZS 
TEl2S P 

1129 
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CS135 
' , S l ? t  
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3 A 13h M 
34137W 
dAl4C; 
LA140 
C i ' l 4 l  
C i l 4 i  

------- CCNCENTPA7I CN 

i . 9 5  E C  f F-01 
4.010 10s-0 E 
1.9UO65E-13 
7.24t4tF-33 
5.61 4 1  3E-3 9 

1.41 E 6  45- 13 
6.4547[1E-> 7 
t .5F ' lSE-J l  
l . t 3C85E- I7  
2.56A64F-17 
5. S41E tF -0  E 
~ . ' ? 1 5 9 1 i - 1 1  
6.1616 45-9 6 
1-15! 76-4 2 
3.61259E h= 
3. t S  7 1  i E - 4  3 
3.41751F 0 0  
4.28137e-4 1 
1.14E53t-42 
S -53  168;-11 
2.53263"-11 

--- - - - - - -__ -- 

4.0 lu lCE-98  

I SCTOPE 

CE144 
PR143 
PR144 
PR144CI 
ND 1 4 4  
h@147 
PW147 
PM 1 4 8  
PMl4Aw 
SM147 
S M l 4  
SM14'J 
S W l C l  
EU152 
EU154 
EU155 
E U156 
TI! 1 t o  
TL20R 

U2 3 2  
U 2 ? 4  
U235  

------- C C h Cr YT R A T I  ON 

2 .6190A~-32  
3.17835c-4J 
2.618 18'- J 2 
3. 14175c-54 
1. 2 7 6 6 ' E - l 5  
3,3688 R'-50 
6.41564F-d2 

2.67633'-15 
5.07309t-12 
1.49283'- 1 7  
4.62734F-18 
t . 2 5 8 6 F - 1 4  
h.18036r-J6 
1.01453L-J3 
e.c,4t94=- ? 4  
8.5793 57-38 
2. 57iYR31-12 
7 .R987 5r- 19 
R. 39299c-J9 
7 .  !221 13:- 19 
R. 1592  21 -1 1 

_--__- ------- 

1 - e 4 5 7 ~ :  - 16 

ISCTCPE -----..- 
11236 
U738  

h P 2 3 t  
F P237 
PL236  
PU237 
FU23R 
PL235  
F11240 
FU241 
P U i 4 2  
PP241 
AM242 
bM242M 
Ab243 
CY242 
CW243 
C C244 
CU245 
CCt46 
t P 2 4 7  
C*248 

LCNCCWTPAT ION 

1 . Q F i 7 F - C 9  
4.7401 5E -19 
2. A23321-14 
1.44 18 2E-38 
1.02 57 E -07  
1,43564F -18  
1.22526F-33 
1.15564E-05 
7.29 5 1  7E -C6 
1.3h979E-03 
5.7'1113E-L9 
1.76209E-05 
2.32531'-30 

9.39112f-09 
5.71170E -C8 
9.0457BF-C9 
2 .65262E l r7  
1.08222:-11 
R .63840E-13 
1.36192E -18 

2 . 3 3 7 3 x - c e  

1. n e 9 4 ~ - 1 ~  

TOTAL ACTIVITY 8.00 00 CVgal TOTAL HEAT GENERATION, watts/@ 
Primary 6.22-03 
Gamma 1.60-02 ..... ............... .... ...........___._ .... .... 



T M L E  2.6 
ISOTOPIC CONTENT (Ci/@) OF SUPERNATE 
FEED STREAM - 15 YEARS 

I 

N 

+ 
0 

I 

CCWCiNTP4T 1 1 3  

I. 23H)tL-  !4 
7.402 79 i d 5  
1. 3 5 2 2 i - r b  
1.57274:- 11 
t .34693-.-32 
4 . 1 4 3 9 3 - - ~ 2  
4.145J1<-02 
2. 81926'-29 

2.6408d=-i 5 
5 -  6 5 3 8 5 ~  -2 5 
3.35379=-27 
2.81858= -04 
7.23962i - 4 )  

4.48364 i 4  I 
1.79591:-04 
t . @ 2 1 5 9 = J 3  
4. C9665f -,9 
1.5219 1=-39  

- - - -- - - - - - - - - 

2. s s e 5 8 ~ - 0 t  

i.7e SY 1;-94 

I SOTUPE 

S N l 2 l V  
j Y 1 2 3  
SNl26 
S f ( l 2 4  
5 31 25 
i q l 2 6  
501i6P 
TF125C 
T I 1 2 7  
T ' l i 7 M  
T E l 2 9  
T? 1 i 9 M  

I l i 9  
C S134 
CSL35 
c s 1 3 7  
3 A 1 3 7 r  
CZ141  
CT142 
i - 1 4 4  

------- CChCENTEPTX O N  

1.56 S 7 7E -.I E 
i .11667E-15 
4 . . *1C~6F-58  

1.7734EC-04 
5.614 ) S E 4  9 
4.01 C C E- 3 8 
1.167 3 ZE -J 4 
5. 2758 77-1 7 
'.340'€'-17 
1.96 3> L F-5r 
3. CS 1 7  i C - 5  C 
5.94 18C€-OR 
1 . 3 5 3 7 1 F y 2  
t . 7 t  1 t 1;-J t 
2.86552E t u  
2.7145bE 3b 
1.51C 9SC-5 0 
2.53263E-11 
1 .5 t3e lE -Ot  

- ------- -__-- 

I .  c I 43 e ~ - 3  1 

I s r T c v  ------- 
PP144 
PR 144'4 
N O 1 4 4  
PP147 
PMl4R 
FP1481w 
S l r l 4 7  

SM149 
S P l 5 1  
Et1152 
E 111 5 4  
EU155 
T R l O r )  
TL208  

u 2 3 2  
u 2  34 
U i I 5  
U2 3 6  
U2 3 8  

w i 4 a  

C C h i E N T 9 4 T I C N  

3.56394F-J6 
4.17b65'-38 
1.2863 2' - 1 5 
4.56652E-J3 
4. 401B lc -43  
6.38243E-42 

1.4928 3=-17 
4.62 73CE -18 
5. A080 F-J4  
3.6295 RC -J  6 
4.53783E-14 
1. 89t9 lC- .*4 
1.84166r-27 
1.68874F-08 
1.11>21=-18 
7.5217R1-39 

1 .fl927 F-J 9 
4.74315c-13 

---- ----- ---- 

c. 5 3 i a s p - 1 2  

e . i 5 9 2 2 - - i i  

ISCTCPC 

N F 2 3 t  
L F237 
PU236 
PU237 
PL23@ 
PU235 
FLi243 
P L 2 4 1  
PU242 
Ab241 
b W 2 4 i  
br242W 

. bM243 
C r 2 4 i  
CC243 
CP244 
CP245 
Cb246 
C M t 4 7  
CC248 

------- C C h C E N T  RAT I O N  

2. R i ? 1 5 € - 1 4  
1.44181': -18 
5.G1829E - C  S 
5.95164E-42 1.1322 )F -03 

1 .1593E-55  
7.2R746E-06 

0.  TO 10 2E-CS 
3.47174E-65 
2.22171E-C8 
2.23 20 5E-08 
9.38229E<9 

1.09 28 3E-09 
1. ms04E - c T  
1.0q 13 IE-  11 
8.62574E-13 1 . 9 t i 9 2 s - i ~  

1.10R9 4E-18 

-__----- ---- 

8 .  C ~ ~ O T E - I J ~  

i .8427be-ce 

TOTAL ACTIVITY 5.69 00 Ci/gal TOTAL HEAT GENERATION. watts/gal 
Primary 3.3043 
Gamma 9.71-03 .... . ....... . 



c c 

TABLE 2.7 
ISOTOPIC CONTENT (a/aal) OF SLUDGE-SLURRY 

e 

~~ ~ 

FEED STREAM - 5 YE&S 

I 5T:T"PF 

H 3  
C R  5 1  
co t; 
S €  77 
SF 78 
S F  79 
SE A J  
sc 82 
RP 85 
R R  87 
5R e t  
<P A5 
SP 90 

V A 9  
Y 90 
V S i  

ZP 9u 
ZP 9 1  
ZP $2  

Z R  9 4  
Zh 95 
L P  Q t  
NB 5 5  
h e  95W 
M @  95 
M f l  06 
HO 97 
W QR 
W l 9 ~  
TC 92 
OUlu. 
C L l l ' l i  
PUl a; 
C U I  '3 
F l l l  14 
R u l  Jt 
pH133 
EP lJ3M 
RH1 )6 

--- ---- 

z a  93 

CCkCCNTWAT I l N  

1.7 I 4 h t Z - 2 7  
6.381b7 : - 2 5  
5,45LJ55--5 
2 .37692~-04  
5,231422-04 
1 - 293435 --I. 3 
3 . 3 7 5 J L z - 3 3  
6.2*~719:-:3 
2 .  7679F-LIP 

---- -- ---- -__ 

6.79539E-JL 
5. e 5 3 2 7 j  -.'2 
1.1P 58Q-- 1 2  
1.41 819 i -01 
1. ' 1 o J 5 = -  11 
3. C9028Z-J5 
2. 5 2 l d 5 i - 1 1  
Z.LR485--)2 
1.656J3E-31 
1.69955;-Jl 
2.95415:-31 
1. @87)8< -31 
3.11 lt4i -1 j 
1.80417E-01 

2.1779% - 13  
1.42667z-01 
7.@2046?- 4 

1.135918: -31 
i . V 2 3 7 F  -Li 
1 . 3 7 2 6 4 ~ - 3 1  
C .2R2941-~4  
P. Ft437e-bZ 
7.76770 !-J2 
Z. 5~546 : -16  
3.P3520:-32 
3.139J9 =-04 
P.23622I-C4 
4.015712-19 
2 .403  t 5 s - l J  

I.. 5 ~ 5 i a 1 - i )  

1 - 8 4  ie+:-ui 

I sc TLPC 

P31C4 
POlJ5 
P q l M  
PO137 
p o l  UP 
001 l t  
A G l C S  
4G1 IC 
C 9 1 1 C  
:?ill 
C O l l 2  
C0113 
CC114 
i 0 1 1 5 M  
C O l l t  
SNl16 
3 1  17 
S Y l l 8  
SN110 
S % l i O  
FNl21W 
XN122 
5N l23  
SYl24 
SNli5 
j N126 
5R121 
s e l i ?  
E B l 2 4  
SR12 5 
SI31 26 
S8126Y 

T 11 24  
TG125 
T5125W 
TT126 
T I 1  2 7  
T 3 2 7 M  
14128 

------- 

~ 1 2 2  

CCNCl NTPATI CY 

4. E 3 i 9 Y - - l 3  

2.43 11 ,?E-) 2 
1.1744%-32 
6.86257t-93 
2.33965E->3 
3.82 l l x - 0 3  
1 . 7 7 7 ! 9 F 6 6  
?. ?12CCE-'l4 
1. 56 37 I€- Y 3 

7 .3P22F-35  
1.75904E- J 3 
2.38 11 5E-17 
e . IZE7G-04  
1 .61754F- j4  
€. 37745E-04 
9.03 12OE-34 
8.7421 uF-J 4 =. Ct<4EC-J4 
3.64787E-i7 
1 -01355E-33 
i.12750E-5 E 
1.5185C€-J3 
1.2271CE-61 
3 .50352E-O? 
0 -4223  5F-J 4 
1.19iSCE-03 
2.6953C~F-15 
5.31 9 J 8FaJ 4 

1.2665CF-13 
1.37eC1E-95 
t .4; r ?  tt-0 t 
1.467J4F -1  3 
7.2714tE-36 
6.37At'lE-J 5 
2.16624F-11 
C. le7bSE-Q 5 
1.7429 lE-.# 2 

------- - ----- 
3. e 1 1 2 ~ c - 9  2 

1 . ~ 7  e2 -0 3 

1 . t c 4 OF 1 1 

I S L T O P t  

TF120 
T€ 12VM 
T F13P 

I 1 2 7  
I 1 2 9  
I 1 3 1  

c s 1 3 3  
CS134 
C S135 
C S 1 3 6  
CS137 
RA134 
BA 136  
BA136M 
BA137  
RA137Y 
€!A1 3 A  
PA140  
L A 1  39 
LA1 4 0  
CE14') 
CE141 
CE142 
CE144 
PR141 
PR 1 4 3  
PP144 
P R l 4 4 L  
W 1 4 2  
NO1 4 3 
NG144 
ND145 
NO146 
N D l 4 7  
Me148 
W l 5 0  
P L 1 4 7  
PW148 
Pw148M 
SM147 

_-_____ CDNC 34TQ 4 T I G N  

6.9372 2s-23 
7.50723'-10 
6 . 3  10 34- - J 2 
7.225oq'-33 
3. C174'K- > 2  
4.325775-11 
1.89362C-32 
1.21367€-)4 
2.3555 3 ' 4 3  
t .2793.F-48 
1.67 257F -1J2 
5 . 8 2 3 5 8 F J 4  
t. C911'Qc--5 
5.509667-55 
3.10332'-53 
2.54855F- 39 
2.04515t-32 
2.35992s-46 
2. A 24 13; -3 1 
5.12379E 4 6  
i . 7 8 3 6 4 i - j l  
9.3')61JC-19 
2.61861F-31 
2.93713'- 13 
2.6 I 9 7  75-3 1 
1.17266;-42 
R . =9578;-U 8 
4.29781F -13 
5. 27157E- J4 
3.11523c-*)1 
2.6771ZF-dl 
1.7222 SF - '* 1 
1.39154E-31 
1.934J9C-52 
R -08465'- > 2 
3.73934c-32 
1.71672,- 12 
2.7R727s-19 
3.1JB21E-17 
5 .  -53'15F- 12 

------------- ISCTOPZ 

S u l 4 R  
c*lr5 
S W  1 CG 
SP151 
s r 1 5 2  
W 1 5 4  
t u 1 5 1  
E L 1 5 2  
EU153 
F L 1 5 4  
i l r 1 5 5  
Et1156 
TI3159 
T B L 6 0  
TL208 
C 2 3 i  
U234  
U 2 3 5  
U 2 2 t  
U23P 

NP236 
NP237 
FL1236 
PL717  
pu23e 
FU2 39 
PU240 
FU241 
PL242 
AM241 
AC242 
AC242W 
AV243 
C C242 
CW243 
C r 2 4 4  
CW245 
CM246 
c r 7 4 7  
CMi4R 

------- C ChCEhT R4T I C N  

1.2 2 57 BE -02 
4.78 16 1 F - m  
6.7811 2E-02 
6.09551E-03 
2.4475 7 f -32 
4. ?448  E - c 3  
2,5727 3F-04 
1.3827uE -05 
1.36 16 2E-02 
1.52231E-03 6 - 7 6  55 6E - 0 4  

6.30229E-40 
1.34586E 4 4  
6.53043E-14 
2.37 76 6 E  -15 
1.5E071E-07 
4.87471E-04 
1.64O31t-OZ 
1.18424F-32 
5.70811E-01 
8.67431F -13 
P . 2 7 9 9 4 - 0 3  
7.81415E-08 
2.49282F -1 9 

7.5521 8E -02 
1.2985Q-02 

1.O2877E-03 

1 -16 38 1E -1 1 
9. 7 3 4 1 J i - C 7  
1.9344 5E- 05 
6.97572F+.9 

----- -__---- 

2.13974 E-02 

5.4947nc-03 

2.0713iai-o? 

7.0937~-118 
i .327213~-06 
2.54459: -08 
1.1381'E-OS 
4.633526-12 
1.057912-13 
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TABLE 2.8 
ISOTOPIC CONTENT (glgal) OF SLUDGE-SLURRY 
FEED STREAM - 15 YEARS 

! sJToP= 

H 3  
C R  5 1  

S f  77 

s c  75 
SF 8J 
Sc R2 
E R  R5 
hF e7 
Sfi 86 
5F 85 
sc %. 

Y A9 
v 00 
Y 91 

ZR Q3 
Z Q  91 
Z k  qz 
Z P  93 
I 6  S L  
Z E  95 

--- -- -- 

cn 6u 

sr 7 8  

z n  06 
R n  9 5  
h P  95M 
ril 95 
U G  9t 
MC 9 1  
MI1  96 

'C 99 

F U I > l  
F L l ' i  
FU1)3  
QUI. 04 
FL'1 '6 
&I-133 

uni 11) 

F I I1 Jv 

E C'NCCNT RAT I C h 

9.6P5932-29 
1.795432-64 
2.66162C-G? 
2.07692i-OC 
5.231425-'4 
1 .29 1292 -0 3 
3.07531+ - 0 3  
C. 23 7 1 s  -c3  
2.767992-02 
6.7953% - '2 
5 .  R 5 3 2 7? - )2 
8 .5036 ie -34  
1.1f 817--.'1 
1.319 3 5 Z - J l  
2.8R357;-05 
G. 15242I-3C 
5.18864:-02 
1. 656.b3 !-.*l 
1.699 55: - 11 

--------- ---- 

2.954i2 1-01 
'1. f?P7h,US-.l 
5 .OH82 I f -  27  
1.8941 7: 2) 1 
!.87841L-27 
3.56 1 4 7  :-3 3 
1.92 6 6 7  < -. 1 
7.6294 6f -ti 4 
1.84 1 8 4  1 -31  
1. @ 5 9 1 8 i - u 1  
2.52377:-01 
1.92265 i -01 
S.2829* -04 

7.767 l\ L -,2 
4.299R9'- $4 
5 -83  52 0 -+-d2 
?. 29R22, -' 7 
H -20 62 2? -J4  

e.86437:-~2 

I S O T O P t  

Zh103P 
R t i l  0 6  
PO104 
PO105 
PD136 
? D l 0 7  
PD1 JH 
D311l-J 
AG1 CS 
AGl LL 
i 0 l l C  
c3111 
c 0 1 1 2  
CD113 
C O I  14 
C0115M 
C0116 
SN116 
SN i17  
5 N l l b  
S Y 1 1 9  
i N  120  
i N l 2 1 r  
SN122 
j N 1 2 3  
S N124 
3 1 2 6  
5 9 1 2 1  
54123 
5 8 1 2 4  
; P i  25 
33126 
SA126C 
TE122 
E 1 2 4  
TZ125 
TG125P 
T c l i 6  

------- CCNCENTPATION ----_----- -- 
e. 45 36  !E-47 
3 -00  38 4F -1 3 
5. @325E€-03 
?.8112'E-02 
2 -48  7dSF-3 2 
1.1744%-02 
6 .  8 t  2 5 7 E-3 3 
2.33 96SF-') 3 
P. 82 11 F-iJ? 
7.76237E-11 
1.?2C7fF-C14 
1.5C 371E-r) 3 
1.0782 @F-J3 
7.3822CF-35 
1.759*14EV 3 
5.2943 RE-42 
F.12€7'€-04 
1.61754E-Y4 
E. 3 7 i 4 S - 0 4  

00 12CE- 3 4 
P . 7 4 2 l U E u 4  
S.Ct54FF-04 
3.17 5 3 t  F- P 7 
1-31 355 f -33  
C. ? 8 0 2 I E -  1 7  
1.5185V€-Z? 
3.59?5C€-J3 
C .  4 i ie C 2-34 
1.19252 E-0 3 
1 .4 t tR iE -33  
4.19c17C-'J5 
1.666'3cF-1 1 
I . 2 t t 4 5 F - l ?  
1.378117F-i~ 5 
t - 4 i  4 2 t E  -0 t 
1 - 9 4  52 I€-0 ? 
5.740 8492-1 7 
t .  IRC41F-05 

I SOTOPF 

TE127 
TE127Y 
T c l 2 8  
TE 1 2 9  
T F129M 
TE130 

1 1 2 7  
1129  

CS133 
CS 1 3 4  
CS135 
C S137  
@A1 3 4  
8 A l 3 6  
R A  1 3 7  
B A l 3 7  M 
B A L 3 8  

C € 1  4 3  
CE141 
CE142 
CE144 
P R l 4 1  
PP144 
PR144H 
h i 0 1 4 i  
k 0 1 4 3  
h 0 1 4 4  
NO145 
NO146 
NO148 
hD150 
P P I  4 7 
FY14R 
PM14RY 
SM147 
s n 1 4 e  
W l 4 9  

_-----_ 

ca139  

I 

CONCFNTR4 TION 

1.77197C-21 
5.36147E - 19 
1.7429 1 E-32 
E. 35009E-56 
9. l 3 6 l S c - 5 3  
6.31034F-02 
7. 226@5'-*~3 
3.01739E-12 
1. 89362E-J t  
4.19536c-36 
2.3555 2E-33 
1. 32854s -02  
h.995OlE-J4 
6.0913Rc-35 
t.  5 4 3 2 F -  ) 3  
2. J2434F-J9 
2.0451 5; -dZ 
2 .82413 i - J l  
2.78364E-31 
1. 31662--52 
2.61P6 1E-t) 1 
2.77391;-37 
2.C3977Z-ul 
1 . 1 7 ~ 0 8 c - l l  
5. R5031;-14 
S I  i 7 1 5 7E - J4 
3.1152 3C-31 
2. t S 7 4 9 c - J 1  
1.7 2 22 5 F  - 3  1 
1. 39764E-31 
E. !38465c - 12 
3.23934F-u2 
1.22193t -43 
t . t 4 7 n 9 ~  - 46 
7.41 2'4 7F-44 
7. 12539c -02  
1.22578c- ) 2  
4 . 7 8 l b l 7 - a 3  

--------_--__ I so TOPE 

S P l 5 0  
S C l c . 1  
SP152 
S C l  E4 
E L 1 5 1  
E l l 1  52 
F L 1 5 3  
f b 1 5 4  
EU155 
TR155 

TLZCJ2 
L 2 2 2  
u 2  34 
L 2 3 5  
L 2 3 6  
L2 38 

hP236  
hF737  
FL2 36 
PU2?7 
PU2 38 
PU234 
P L 2 4 J  
FU241 
PC24Z 
Ap241 
PC242 
A M 2 4 2 4  

CM242 
c n 7 4 3  
CC244 
CC245 

C C247 

------- 

~ ~ 1 6 0  

4 ~ 7 4 3  

t ~ 2 4 6  

c n 2 4 e  

C CNCE NT RA T I C h  

6.78 11 2E-02 
5.6574%-03 
2.44 7 5 75- C 2 
4.34485E-03 
6.59C5 ZE - 3 4  
8 -109825-06  
1.36162E-32 
t. 7 9 5 6 e - 0 4  
1.59578C-04 
1.3458G -64 
4.04833F-29 
5.08 34 > 2 -1 5 
2.csc95F-c7 
4.87457E-04 
1.64*31Z->2 
1- 1842%-02  
5.708112-91 
8.67378E-10 

6.87045Eq 9 
1. T T 13 2.5 - 4 3  
2 -67735E-02 
7.55.W >E -02 
1 - 2 5  717E- 52 
3.42898€-33 

4.0937 1E- 33 
1.11 19 2E -1 1 
F. 3 0 0 1  S - C 7  
1 -90265E-05 
2.2521 5E -09 
5.56 22 1c-08 
9.05181C-37 
2.54242E-Ce 
1.13C52F-C9 
4.633526-12 
1.05791E-13 

e I i 7 4 9  ZE - 33 

i . c 2 e 7 6 ~ - 0 3  



c 

I 

N 

P 
w 
I 

TABLE 2.9 
ISOTOPIC CONTENT (Cilgd) OF SLUDGESLURRY 
FEED STREAM - 5 YEARS 

,LNCLNTR4TI CN 

1.641842-33 

1- 1''?13=-Ql 

5. S5139E-: 9 
1.34940E-J8 
i.3)679.: 01 
2.30732: ';I 
6.18139:-57 
1.1 0 73 95 4- 1 
6.  53534?-Ct  
1 - 4 0 9 2 2 E 4 5  
P. 3 JC62;-38 
1,73371:-03 
8.02813:-12 
l.C4@515 JJ 
1 . 6 0 7 2 5 ~ - 1 1  
1.(48512 J )  
C.346.rbI-Jt 
8.3781 1 C-03 
6 .  C 6 7 ~ 5 I - 1 3  
2.15P71:-35 

--- ----- - ---- 
5 . e 7 3 1 ? i - 2 ~  
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TABLE 2.10 
ISOTOPIC CONTENT (Ci/gd) OF SLUDGESLURRY 
FEED STREAM - 15 YEARS 
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brs TABLE 2.11 

Percent of Radionuclides in Gravity-Settled In-Tank Sludge a 

- Group Ident. Radionuclides % 

I Cs-Ba 6.8 

I1 Tc, Ru-Rh 52.8 

111 

IV 

Ag, Cd, I, Cry Se, 94.2 
Pd, Te, T1 

La, Ce-Pry Pm, Nd; 97.8 
Sm, Sn-Sb, Tb 

V Sr-Y, Rb, Mo 98.6 

VI u ,  pu, Am, Cm, NP, 98.7 
Coy Zr-Nb, Eu 

a. See Appendix 13.9. 

TABLE 2.12 

Representative Elemental Composition of SRP Reference Sludge 

Wt % Element Wt % Element - 
Fe 20.1 Na 2.50 
A1 11.9 si 0.26 

Mn 4. 7ga ~ 0 3 -  0.83 

U 2.28 ~ 0 4 2 -  0.42 

Ca 1.53 c1 0.75 
Ni 2.80 F 0.058 
Hg 1.13 C 1.31 

~~ ~~ ~~ 

a. Includes the manganese used during digestion of the 
sodium oxalate generated during tank cleaning. 
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TABLE 2.13 

Viscosity of SRP Sludge 

Condition n, cp Temp, OC 

Sample from Tank 12H Settling Tests 10 25 

Sample from Tank 12H, Centrifuged and 70 25 
Mixed with Equal Volume Supernate4 

- Sample from Bottom of Tank 14H, Centrifuged 15 
and Mixed with Equal Volume Supernate5 

TABLE 2.14 

Concentration of Major Chemical Components 
in Reference SRP Supernate 

Component Molarity 

NaOH 0.75 

NaN03 2.2 

NaN02 1.1 

NaA102 0.5 

Na2C03 0.3 

NaS04 0.3 
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FIGURE 2.1. Effect of Sludge Concentration on Viscosity of 
Sludge Suspensions 
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FIGURE 2.2. SRP Sludge S e t t l i n g  Rates 

Rate, 
in . /hr  

0:83 
0.72 
0.71 
0.64 
0.47 
0.32 

-0.02 

2.224 
1.55' 
0.49' 
0.28 
0.20 
0.12 
0.08 

-0.02 

A 

- 2 . 1 8  - 



1 I I 1 1 1 I ,  250 I 1 

E 200 Liquid Level 
0 
c, 
+-’ 
0 m 

5 150 
L 
Ct 

v) 
aJ r 
2 100 
m 

-----9- 

/ _ _ .  . . 
-Settled Sludge (Level before Transfer: 90 inches) 

I I I I I 1 1 30 0 400 500 600 700 800 50 
0 100 200 

Hours af ter  Final  Slurry Addition 

FIGURE 2.3. Sludge S e t t l i n g  i n  Waste Tank No. 13 

. -  

- 2.19 - 



A 

2 . 5  References 

1. SRP Radioac t ive  Waste Sludge. Memorandum, H .  M. Kel ley t o  
J. A. P o r t e r .  I n t e r n a l  Report DPST-73-222, E.  I .  du Pont 
de Nemours & Co. ( I n c . ) ,  Savannah River Labora tory ,  Aiken, SC 
(January  1973).  

2.  R .  M. Wallace,  H.  L. H u l l ,  and R .  F. Bradley. So l id  Forms for 
Savannah River High-Level Wastes. 
E .  I. d u  Pont d e  Nemours & Co. ( I n c . ) ,  Savannah River Labor- 
a t o r y ,  Aiken, SC (December 1973). 

USERDA Report DP-1335, 

3. J.  A.  Stone. De ta i l ed  Analyses of SRP High-Level Waste 
Sludges.  I n t e r n a l  Report DPST-76-425, E .  I. du Pont 
de Nemours & Co. ( I n c . ) ,  Savannah River Labora tory ,  Aiken, 

. SC (February 1961). 

4 .  Examination of  S o l i d s  from Tank 12H. Memorandum M .  D. Snyder 
t o  V. P. Thayer. I n t e r n a l  Report DPST-61-186, E .  I .  du Pont 
de Nemours & Co. ( I n c . ) ,  Savannah River Laboratory,  Aiken, 
S C  (February 1961).  

5 .  M.  D. Snyder. Examination of S o l i d s  from Waste. I n t e r n a l  
Report DPST-61-121, E.  I. du Pont de Nemaurs & Co. ( I n c . ) ,  
Savannah River  Labora tory ,  Aiken, SC (January  1961).  

6 .  R. S.  Ondrejcin.  Chemical Compositions of Supernate  S tored  
i n  SRP High Level Waste Tanks. 
E .  I. du Pont de Nemours & Co. ( I n c . ) ,  Savannah River 
Labora tory ,  Aiken, SC (August 1974) .  

USERDA Report DP-1347, 

/ 

7. J .  R. Wiley and R .  M. Wallace.  Removal of Cesium from 
Savannah River  P l a n t  Waste Superna te .  USERDA Report DP-1388, 
E .  I. du Pont de Nemours & Co. ( I n c . ) ,  Savannah River Labora- 
t o r y ,  Aiken, SC ( J u l y  1975) .  

- 2.20 - 





~~~ ~ ~ ~ 

i 
i 

I 
i 
i 

3.1.7 Heat Generation Rate and Temperature Profile 3.10 

3.1.7.1 Heat Generation Rate 3.10 1 
3.1.7.2 Temperature Profile 3.10 

1 

i 
I 

I 

, 

3.1.8 Regulatory Aspects of Solidified Glass 3.11 

i 

3.2 Saltcrete 3.12 1 

3.2.1 Composition and General Properties of Saltcrete 3.12 
I 
/I 

3.2.1.1 General 3.12 
U 

3.2.1.2 Chemical Properties 3.12 1 
I 
I 

3.2.1.3 Residual Radioactivity 3.12 
i 

3.3 References 3.38 i 

3.2.2 Radiation Stability 3.12 
I 

I 

i 

. . I, 
1. . -. . 



_. _ _  - . . . . . . . . . . . . . . . . . . . . . . . . . . . . - . . - - - . - - . 

3. 

3.1 

and 

PRODUCT DESCRIPTION 

Glass 

The purpose of this section is to describe the composition 

- 
properties of SRP high level waste glass. As currently 

planned, the waste glass product will be produced by melting 
composite dried sludge and glass frit in a Joule-heated ceramic 
melter. The molten glass will be poured into a 2 x 10 ft can- 
ister. This section addresses only the properties of the vitri- 
fied product and not those of the entire package. The subjects 
discussed herein are glass composition and general properties, 
sulfate phase separation, thermal stability, leachability, and 
radiation s t abi 1 i ty . 

3.1.1 Composition and General Properties 

3.1.1.1 Chemical Composition (M. J. Plodinec) 

Table 3.1 lists the major coo;ponents in the glass waste form 
based on a composite feed. The composition of the reference glass 
frit, Frit 131, is listed in Table 3.2. 

3.1.1.2 Radionuclide Composition (J. R. Chandler) 

The isotopic content and total heat generation rate for the 
reference waste glass are tabulated in Tables 3.3 and 3.4. The 
effect of storage period is shown i n  Figures 3 . 1  and 3 . 2 .  Based 
on 3260 lbs of waste glass per reference canister, the total 
activity and heat generation per canister are 1.84 x lo5 Ci and 
541 watts for 5-year aged waste and 1.04 x lo5 Ci and 310 watts 
for 15-year aged waste. 

3.1.1.3 Physical Properties (M. J. Plodinec) 

3.1.1.3.1 Solidified Glass 

Several important physical properties of the solid glass 
waste form are compiled in Table 3.5. For most of these, no 
experimental value has been determined for glasses containing 
SRP waste. Thus, reasonable values for similar systems reported 
in the literature have been included. Mechanical properties of 
glass have been reviewed in Reference 2 .  
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3.1.1.3.2. Models of Physical Properties of SRP Xaste Glassa 

Models were developed to enable prediction of the thermal 
conductivity, specific heat, density, coefficient of expansion, 
refractive index, and viscosity of SRP waste glass as functions 
temperature. Physical properties for the reference glass product 
of containing composite sludge are summarized in this section. 
Details of the development of these models are summarized in 
Appendix 13.5. 

Thermal Conductivity 

The calculated effective thermal conductivity, as a function 
of temperature, is shown in Table 3 . 6 .  

Heat Capacity 

Table 3 . 7  summarizes the calculated mean and true heat capac- 
ity of glass containing calcined composite sludge as a function of 
temperature. 

Dens i tv 

The calculated density of glass containing calcined composite 
sludge as a function of temperature is summarized in Table 3 . 8 .  
The strain point temperature is defined as the temperature at 
which the viscosity of glass is about 3 . 2  x lo8 poises. 

Coefficient of ExDansion 

The coefficient of expansion (Pm> calculated for composite 
glass containing 2 7 . 5  wt X sludge at 20°C to 90°C is 2 . 5 4  x 
The coefficient of expansion increases slowly and is nearly con- 
stant from 25°C to just below the strain point temperature ( 5 9 6 ° C ) .  
A rapid and large increase in the coefficient occurs, starting 
just below the strain point temperature. The calculated mean 
cubic expansion coefficient from above the strain point temper- 
ature to the melting temperature is 7 . 6 2  x l / ' C .  

l / " C .  

a. Data reported in this section and in Tables 3 . 6 ,  3 . 7 ,  3 . 8 ,  and 
3.9 were calculated based on Frit 21 .  Physical properties 
will 'be recalculated using the revised waste glass composition 
containing Frit 131. 
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Refractive Index 

The refractive index ( r l ~ )  calculated for composite glass 
containing 27.5 wt % sludge with Frit No. 21 is 1.585 at 25°C. 
Changes in the refractive index of glass caused by temperature, 
are small up to the annealing point (temperature at which the 
viscosity is about lOI3 poises) of the glass. 

Viscosity 

The viscosity ( r ~ )  calculated for composite glass containing 
25 wt % sludge in Frit No. 21 is tabulated in Table 3.9 over a 
temperature range of 850°C to 1225°C. 

3.1.1.4 Microstructure (M. J. Plodinec) 

The vitrified product will contain several phases. The 
amount of each phase will vary with sludge type, but all will 
probably be present to some extent. 

0 The glassy phase is the most important and present by far in 
the largest amount. This phase acts as the host matrix for the 
other phases and will determine most of the properties of the 
final waste form. 

0 Often nepheline (NaAlSiOq) or other alkali aluminosilicate 
phases will be present, especially for sludges high in alumi- 
num. These phases result from devitrification of glasses and 
are easily formed. This may reduce the impact strength of the 
glass and make it more leachable. 

0 Also present will be insoluble metal oxides of the formula 
MN2O4 where M is a bivalent cation (such as Fe2+, Mn2+, Ni2+) 
and N is a trivalent one (such as Fe3+, Mn3+>. 
rials, called spinels, are of limited solubility in the glassy 
phase and will probably concentrate toward the bottom of the 
canister [ 5 , 6 ] .  Spinels are usually less leachable than the 
glassy phase, but can cause the glass to crack if subjected to 
severe thermal gradients. As the aluminum content of the 
sludge increases the amount of spinel crystals decreases. 

These mate- 

0 One other phase may be present as well. Ru02 has limited 
solubility in borosilicate glasses and may form microcrystals 
in the product [5]. 
be determined mainly by the homogeneity of the feed to the 
glass melter [ 7 1 .  

The presence or absence of this phase will 

- 3 . 3  - 



3.1.2 Thermal Stability (M. J. Flodinec) 

In this section, the thermal stability of the glass waste form 
is described. Varied therr,tl treatments can cause devitrification 
and/or thermal shock. The influence of both on the integrity of 
the reference glass waste form are considered. In addition, the 
affects of varied waste composition in the glass form on devitrifi- 
cation are described. It is important to recognize that there has 
been no waste glass form quality criteria established by the NRC at 
this time. Consequently, the significance of devitrification and 
thermal shock cannot be properly evaluated. 

3.1.2.1 Devitrification 

During cooling of glass melts below the liquidus,* crystals 
may form depending on the composition of sludge mixed with the 
glass frit and the rate of cooldown. This process of crystal for- 
mation is called devitrification. The presence of these crystals 
can alter the glass waste form's chemical [ 81  and mechanical be- 
havior and consequently have an impact on the integrity of the 
glass waste form. The crystalline phase will likely have a higher 
leachability than the original glass [9-111. Also, the residual 
glass phase, through removal of a network former by crystalliza- 
tion, will result in a glass waste form that is mechanically weaker 
and consequently subject to more extensive fracture in the event of 
a mechanical accident [11,12]. 

The rate of devitrification will depend on the composition of 
the sludge mixed with glass frit. Previous studies have shown that 
sludges high in aluminum devitrify more quickly but the presence of 
uranium and nickel inhibits devitrification [13,14]. Table 3.10 
summarizes the temperature at which maximum devitrification occurs 
in glass samples containing a variety of single major sludge c o w  
ponents [141. 

Nepheline (NaAlSiOq) and other alkali aluminosilicates are 
always expected to be present [141. For sludges high in iron, the 
spinel phase (insoluble metal oxides of the formula MN2O4, where 
M is a bivalent cation and N is a trivalent cation) will always 
form in the melt 1153. To minimize the formation of either phase, 
blending the "high aluminum" sludges (the basis for calculating 
the composite feed) is advantageous in that the aluminum appar- 
ently hinders formation of the spinel phase and the iron reduces 
the rate of nepheline formation. 

* The lowest temperature at which no crystals exist. 

n 
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Minimizing the length of time that the waste glass form is in 
the temperatxre range of 500°C to 9 0 0 ° C  will minimize devitrifica- 
tion. At temperatures near the melting temperature the viscosity 
of the glass is so low and the solubility of most crystalline 
material is so high that no crystal formation or growth occurs 
(spinels formed during melting, however, will still be present). 
At about 9 O O ' C  however, the rate of solution of crystals has 
decreased so much that devitrification may begin [151. A s  the 
glass is cooled below 9 O O ' C ,  the rate of devitrification increas'es 
to a maximum between 550 and 9 0 0 ° C .  Further cooling results in 
viscosities too high for effective material transport and conse- 
quently a decrease in the rate of devitrification results. 
interim and terminal storage, the rate of devitrification will be 
extremely low and can be ignored. 

During 

3 . 1 . 2 . 2  Thermal Shock 

The maximum temperature gradient the waste glass form can 
withstand without fracturing from thermal shock is about 100°C. 
This estimate is based on a formula derived by Everett [161 .  

P(1-s) ATmax = aE 

where P = tensile strength 
E = Young's modulus 
S = Poisson's ratio 
a = Thermal expansion coefficient 

During the presently expected cooldown rate, thermal shock 
will effect a tenfold increase in surface area of the glass. 
Stresses may occur during cooling at the glass-filled canister 
interface; however, this is not expected to be a problem. Even if 
the stress in the canister reaches the yield point, the canister 
would compensate by yielding since it is a malleable material. 

3.1.3 Leachability (M. J. Plodinec) 

Leachability is one of the parameters that is used to evalu- 
ate the integrity of a particular waste form. It is usually 
expressed as the quantity of waste form that dissolves per unit 
area into a surrounding medium per unit time (g/cm2-day). 
assuming that radionuclides are uniformly distributed throughout 
the waste form, leachability data allow calculation of the quan- 
tity of radionuclides that could be released into the surrounding 

By 
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medium over a period of time. To date, no criteria f o r  leach- 
ability of waste glass has been established by any governmental 
agency. However, leachabilities of most vitreous products are 

g/cm2-day and these values are used as a guideline 
to determine acceptable leach resistance of a waste form [17]. 
The glass used in the leachability tests described in the following 
two sections utilized either Frit 18 o r  21, neither at which is 
the current reference frit. 

to 

3.1.3.1 Leachability of Glass Containing Simulated Sludge 

Extensive laboratory investigations have been conducted at 
SRL to evaluate the effect of simulated SRP sludge components on 
the distilled water leachability of borosilicate glass [17,18]. 
The majority of these tests utilized glass frit 18. 

Figure 3.3 summarizes that portion of data where Frit 2 1  was 
used [18]. Glass samples containing U308, NiO, Mn02, or  CaO all 
had higher leachabilities than glass without these components. At 
low concentrations, Fez03 and A1203 increased leachability but at 
higher concentrations (about 12 wt % > ,  the leachability of glasses 
containing Fez03 and A1203 was comparable to that of Frit 
21 alone. The substitution of 4 wt % Li02 (to 1 the lower 
viscosity) for Na20 had no effect on leachability of the g l a s s .  

Brine leaching of glass containing simulated waste is also 
being studied to evaluate the durability of the glasses under 
possible salt bed storage conditions. Leaching at 20-25'C and 
90°C has been studied thus far. 

Glass containing Cs-137 tracer was leached for 67 days in 
brine at ambient temperatures. The cumulative leachabilities 
clearly differ with glass composition as shown in Figure 3.4. The 
glasses made with high Fe sludge leached more rapidly than those 
made with high A 1  sludge. Glasses containing composite sludge 
with an intermediate composition have intermediate leachabilities. 

Glass leach rates in 90°C brine decrease with time as do 
those for room temperature tests. The leachabilities are, how- 
ever, a factor of approximately 5 greater at 90°C. Testing at 
90°C also revealed that distilled water is a more severe leachant 
than brine. 

n 
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3.1.3.2 Leachability of Glass Containing Actual Sludge 

Leach rate data are shown in Tables 3.11, 3.12, and 3.13. 
Tests of the effect of pH on leaching were begun and have con- 
tinued >200 days. Cumulative fractions leached based on Sr-90 
analysis are shown in Figures 3.5 and 3 . 6  of this report. In 
pH = 4 buffer, the leach rate increased after about 50 days, 
the whereas in the other solutions the leach rate remained nearly 
constant. 
in the pH = 4 buffer rather than an actual pH effect [l]. Cs-137 
and Pu activity in the buffered solutions are being measured to 
determine glass leaching based on these isotopes. 

The increased leaching may be caused by the acetate ion 

3.1.4 Sulfate Phase Separation (J. R. Wiley) 

Sulfate is the only constituent of SRP waste which is present 
in significant amounts that is not compatible with borosilicate 
glass. If the sulfate solubility limit (about 1 wt % >  is exceeded, 
alkali metal sulfates segregate into a separate phase on the sur- 
face of the glass during melting. This is undesirable because the 
sulfate phase is water-soluble and rich in radioactive cesium. 

Laboratory tests included measurement of the solubility of 
sulfates in glass made with simulated sludge in Frit 21 [ 1 7 , 2 0 1 .  
Solubilities ranged to 1.25 wt % for Na2S04 in Frit 21. For glass 
loaded with 35 wt % sludge, the sulfate level in the sludge itself 
could be about 2 . 8  wt % before a sulfate phase would segregate. 
Typical, washed, SRP sludges contain only about 0.5 wt % sulfate 

Washed sludges from seven SRP tanks were successfully incor- 
porated with Frit No. 21 glass without sulfate segregation [ 2 0 , 2 1 1 .  

3.1.5 Radiation Stability (N. E. Bibler) 

During long term storage, the glass waste form will be con- 
tinuously irradiated by beta-gamma emissions from fission products 
and by alpha emissions from transuranic nuclides. Properties of 
the glass that may potentially be affected by these radiations are 
leachability, stored energy, density and microstructure. The 
accumulation of helium in the glass from neutralization of alpha 
particles is of additional concern in that helium accumulation in 
the glass network may cause stresses and/or diffused helium may 
resultzin pressure buildup in the canister freeboard. 
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The estimated dose received during long-term storage ( 2  x l o 5  
years) is calculated to be 4.8 x 1O1O rads from beta-gamma and 
7 . 4  x 1O1O rads from alpha radiation. 
studies with Co-60 gamma, Cm-244 alpha, and Pu-238 alpha radia- 
tions on glass and simulated wastes indicate that these radiations 
will have minimal and insignificant effects on the leachability 
and stored energy of the glass. 

Results of radiolysis 

The maximum expansion of glass during storage is expected to 
be less than 1.0% due to alpha irradiation. Tests have not been 
performed to determine if beta and gamma radiation will cause 
positive expansion of the glass. Hovcver, ac identical doses, the 
effect of beta-gama irradiation would be less than that due to 
alpha emissions. 

will have been produced for each cmp of glass. 
diffuses through the glass, the gas pressure in the free volume of 
the canister could be about 6 psi assuming a 20% freeboard. 

After 2 x l o 5  years storage, a proximately 0.09 cm3 He (STP) 
Assuming the helium 

A more detailed summary of the specific effects of radiation 
on glass is in Appendix 13.6. 

3.1.6 Canister Specifications (J. P. Howell, W. N. Rankin) 

3.1.6.1 Reference Requirements 

Regulatory requirements for the permanent storage of defense- 
generated waste have not been established. The DW glassform will 
be stored on-site in an interim storage facility. 

Even though provisions are being made for long-term storage 
on-site, the design of the canister should not preclude the 
possibility of its shipment to a geologic repository at a later 
date. 

Several draft documents are being written as criteria for 
Commercial Nuclear Waste. Among these documents are: "Interim 
Waste Package Performance and Acceptance Criteria," ONWI-33(4), 
"Rockwell Hanford Operations Commercial Waste and Spent Fuel 
Packaging Program Package Design Criteria, RHO-CD-772, "Interim 
Report: Comm2rcial Waste Packaging Studies," RHO-ST-10. These 
documents along with "The Cask Designers Guide," Federal Shipping 
Regulations, CFR-Title 10-Part 71.42 NRC-NUREG 0274, "Determina- 
tion of Performance Criteria for High-Level Solidified Nuclear 
Waste," and NRC Regulatory Guide 7.6, "Stress Allowables for the 
Design o,f Shipping Cask Containment Vessels,'' can be used for 
guidelines in the design of the container but should not be con- 
strued as given regulations at this time. 

\ I I !  
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The package should be designed in accordance with the American 
Society of Mechanical Engineers (ASME Boiler and Pressure Vessel 
[BPV]  Code, Division I, Section 111, Class 3 ) .  Exceptions should 
be obtained fer pressue testing, x-ray inspection, and other sec- 
tions of  this code which placed undue and unnecessary restraints 
on the design. 

3.1.6.2 Canister 

The reference design canister, shown in Figure 3 . 7  is made of 
Type 304L stainless steel with a wall thickness of about 3 /8  inch; 
it weighs about 1100 pounds. Although 304L stainless steel is the 
reference material at this time, the use of a refined grade of  low 
carbon steel such as calcium treated, ASTM-AS16 (Grade 65-70) 
(plate) and ASTM-A707 (flanges) should not be precluded. 

The objectives of the canister are to provide: 

containment during Interim Storage 

a form for solidifying the waste glass 

a surface for decontamination 

a means for handling the glass form 

The reversed dished head at the canister bottom allows the can- 
ister to be set down on flat surfaces. 
atop the glass canister is intended to facilitate attachment to 
the continuous glass melter for containment of molten glass vapors 
and particulate contamination. The top flange is intended to be 
the electrical grounding surface for the five inch resistance plug 
weld which seals the throat opening and insures that the canister 
is leaktight from liquid entry during decontamination. The weld 
must also be leaktight to prevent the escape of plutonium or other 
radioactive particulate matter from the container into the canyon 
or interim storage facility. 

The double flanged nozzle 

The entire canister surface finish should be specified as a 
2B finish as defined by ASTM Specification A-480, "General Require- 
ment for Flat Roll Stainless and Heat Resisting Steel Plate, Sheet, 
and Strip Steel." This surface finish is necessary prior to heat- 
ing to insure uniformity in decontaminating the container after 
processing. 
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3 . 1 . 6 . 3  Materials of Construction Compatibility (W. N. Rankin) 

Type 304L stainless steel is the recommended canister alloy 
for cast.vitrified waste [221 .  This recommendation is based on 
long-term heating tests for up to 20,000 hours ( 2 . 3  years) at tem- 
peratures that bracket the temperature expected during interim 
storage [251. In these tests the lifetime of canisters of cast 
vitrified waste stored in air was predicted. The thickness of 
reactions observed between vitrified waste/canister alloy, and 
canister alloy/environment similar to that expected during interim 
storage was extrapolated to estimate the time required for 
penetration of the reference design (3/8-inch thick) canister. 

Data from tests up t o  20,000 hours (2.3 years) indicate that 
oxidation would penetrate a 3/8-inch-thick low carbon steel can- 
ister in about 2 0 0  years of storage in a surface facility, and its 
strength would be reduced in a much shorter period. A 3/8-inch- 
thick canister of Type 304L stainless steel would not be pene- 
trated for more than 8000 years in &surface facility. 

Differences in canister lifetime, predicted from the data fro 
these t e s t s ,  are attributable t o  the difference in corrosion resis- 
tance of the candidate alloys. Both Type 304L stainless steel and- 
low carbon steel reacted similarly with vitrified waste. But, Type 
304L stainless steel is much more resistant to atmospheric corro- 
sion in a radiation field than low carbon steel. The lifetime of 
canisters constructed from other compositions of austenitic stain- 
less steels would be expected to be similar. Past experience indi- 
cates that other compositions of austenitic stainless steels have 
similar compatibility with molten vitrified waste, which is a much 
more severe condition [27]. 

3.1.7 Heat Generation Rate and Temperature Profile 

3.1.7.1 Heat Generation Rate (J. R. Chandler) 

Tables 3.3 and 3.4 summarize the heat generation data for the 
reference glass waste form. For 5 and 15 year aged waste feed, 
the total heat generation rate in a glass-filled canister is 541 
and 310 watts, respectively. 

3.1.7.2 Temperature Profile (M. H. Tennant) 

Heat transfer models were developed to predict glass tempera- 
ture profiles during the glass melt pour, canister cooling, helium 
leak testing and encapsulation [31]. Based on these models, the 
following overall process characteristics were determined. 
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Bases:a Melt Temperature at Pour - 1150°C 
Radioactive Decay Heat - 1 kw/canister 
Fill Rate - about 183 lb/hr (based on design capacity 
of melter-2.2T/d) 

'Canister Glass Capacity at Fill - about 3260 lbs 
At the end of the fill period (about 17 hours), the maximum 
glass temperature will remain in excess of 800°C. Figure 3.8 
describes the temperature distribution of the glass at the end 
of fill. 

Subsequently, 11-15 additional hours are required to reduce the 
glass temperature to below the devitrification temperature 
(about 500°C). Figure 3.9 shows the maximum glass centerline 
temperature and the maximum canister surface temperature as a 
function of elapsed time after fill for three cooling modes 
(natural air convection, forced air convection and water 
cooling). 

Helium leak testing and canister encapsulation processes will 
raise the temperature of the glass near the canister surface 
but will have little effect upon the glass centerline tempera- 
ture as depicted in Figure 3.10. 

Equilibrium temperatures (radioactive decay heat controlling) 
will be 120°C glass centerline and 60°C at canister surface. 
See Figure 3.11 for the temperature profile throughout the 
canister at steady state. 

Additional thermal analysis data for canister processing are 
described in Reference 31. 

3.1.8 Regulatory Aspects of Solidified Glass (E. J. Hennelly) 

Currently, there are no Federal regulations that specify the 
required properties of solidified high-level waste and its con- 
tainer. NRC has studies under way and expects to have preliminary 
drafts of proposed regulations available for review and comment in 
1979. Section 11 provides a broader view of regulatory matters 
and indicates some of the items that may require measurement or 
control in order to meet possible regulations. 

a. This analysis assumes a radionuclide heat generation rate of 
1000 watts. Although this rate is no longer applicable 
(Section 3.1.7.11, the temperature data in Figures 3.8 and 3.9 
are still valid since the sensible heat content is controlling. 
However, the temperature data in Figure 3.11 ("steady state") 
are no longer applicable, being high by approximately 1.5. 
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3 . 2  Saltcrete 

3.2.1 Composition and General Properties 

3.2.1.1 General 

Following treatment by ion exchange resin to remove cesium, 
strontium, and plutonium, the water-soluble portion of SRP waste 
(supernate) will be solidified in concrete to reduce the leach- 
ability of the salt. The concrete would then be buried in soil 

(saltcrete) can be characterized by its chemical properties and 
its residual radioactivity. 

. trenches below the ground surface. The solidified product 

3.2.1.2 Chemical Properties (J. R. Wiley) 

Chemical properties of saltcrete will be determined by its 
major components (Table 3.14) 1281. *Many other ions are present 
in trace concentrations [29]. Those which have been identified 
include POk3', CrOk2-, and N H 4 + .  Trace metals include F e y  Hg, 
Ag, Pb, and U. Trace components do not contribute to chemical 
behavior of the bulk salt. However, some are biological hazards. 

3.2.1.3 Residual Radioactivity (J. R. Chand 1 er 

The isotopic content and associated decay heat in 5 and 15 
year saltcrete are tabulated in Tables 3.15 and 3.16. 

3 . 2 . 2  Radiation Stability (N. E. Bibler) 

During long-term storage, saltcrete will be continuously 
irradiated from decay of the residual radionuclides. The only 
significant effect of this irradiation will be to produce .gases. 
Because of the small yields of these gases and the small amounts 
of radioactivity present, the amount of gases produced will be 
insignificant. 
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TABLE 3.1 

Chemical Composition of Reference Glass Waste Form 

Oxide 

Li 20 

203 
Ti 02 
CaO 

Na2O 
Si 02 

Fe203 

203 
Mn02 

u308 
NiO 

Zeolite 

MgO 
21-02 

LaZ03 
0 Solids 

NR Salt 
Density ' 

Source* 

F 

F 

F 

F + S  
F + S  

F + S  

S 

S 

S 

S 

S 

S 

F 
F 

F 

F + S  
S 

Amount, rt X 

4.08 

10.5 
0.718 

0.843 
13.7 

42.2 

11.8 
2.38 
3.39 
1.09 
1.45 

2.60 
1.43 

0.357 
0.357 

3.03 
0.0984 
2.37 g/cc @ 1100°C 
2.5 g l c c  @ 120'C 

* F = Frit; S = composite sludge; 
# 

TABLE 3 . 2  

Chemical Composition of Glass Frit 131 

Wt x 
57.9 
17.7 

1.0 

14.7 

5.7 
2 . 0  

0.5 

0.5 

- 
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TABLE 3.3 ' 

ISOTOPIC CONTENT (Cillb) OF WASTE GLASS - 5 YEARS 

I SGIUPE CGNCENTRAIIGN ISCIGPE CEhCEhIRbTICh 
-_c- 

C R  5 1  
C O  60 
S E  79 
R B  87 
S R  89 
SR 90 

Y 9 0  
Y 91 

Z R  9 3  
I R  95 
N B  95 
NB 95M 
I C  99 
RU 103 
RU106 
RH 103M 
RH106 
P C l 0 7  
A G 1 1 0  
C C 1 1 5 M  
Sh12 lM 
Shl23  

------_I_ 

2.81671E-20 
5.43 4 39E- 02 
41316C8E-05 
2 1 8 6 4  l l E - 0 9  
1.615 I S € - O B  
9.67721E 00 
9067973E 00 
2 -900 80E-07 
5 762 9 3 E-04 
3.14568E-06 
6 178244E-06 
3 -99501E-08 
7 - 809 9 7E-04 
3161542E-12 
4 1 72 I9OE-01 
7 -23793E- 12 

2 . 899 85E-06 

2.90972E-I3 

4 -  72 1 9 2 E - 0 1  

4 - 0 1 8  10E-03 

I -03832E-05 
8 -42 735E-05 

----A 

S h l i 6  
SE 124  
Se 125 

S@ I i 6 H  
l E 1 2 5 C  
J E  127 
I E 1 2 7 H  
TE129 
I E 1 2 9 H  
CS134 
C S 1 3 5  
CS 136 
CS137 
eb136H 
Bd 13lH 

L b  I40 
C E 1 4 1  
CE142 
CE144 
PP 143 

se 126  

8 1 1 4 0  

4-7eeC4L-Ct 
Z -26 942E-11 
2 16822 7 E - C I  
t ,7032 7€-C7 
4.788C6E-C6 
t 2 B 5 5 7E- C 2 
2 -7 4384E-C 5 
2 1 80 12 7E-C 5 
t 1 932 7FE- 16 
1 - 0 9 1 S I L - I 5  
1.09924E C C  
I 0 8s e C 7 E- C 5 
3 -24324E-42 
1-01410E C l  
1 -03784E-42 
5-59333E CO 
1 -203C-ZE-40 
1 - 3 7  135E-40 
1 -138CBE-14 
3102396E-CF 
3.12598E CO 
3 -1 94S6E-58 

................................................ ~ .............-.. ~ ...._. ~ ........... ~ ............. ----.-..-...--.---.-.-. 
TOTAL ACTIVITY 5.64 01 Cihb HEAT GENERATION, wattrhb 

Primary 1.17-01 
Gamma 4.89-02 

1 SOTOP E 

PR144 
PR 14414 
AD144 
NO147 
PH 147 
PHI48  
PH148H 
SH 147 
SH148 

SH151 
EU152 
EU 154  
EU 155 
EU156 

I L Z O 8  
U232 
b 2 3 4  
U235 
U236 

sn 149 

i a 1 6 0  

CChCEN I R A 1  loIJ 

3.12610E 00 
3 - 7 5  I Z S E - 0 2  
1152427E-13 
4.02244E-48 
7-66C28E 00 
2.203 e6 E- I 4 
3 I 9 9  EO€- I 3  
6 ,053CLE- 10 
1 -78244L-15 
5 0 525 C4E- 16 
7.47215E-02 
1.205 40E-03 
11F8CC6L-01 

1.671 13E-35 

3 .35 l l 5E-07  

1.56743E-01 

3 -547  IbE-IO 

1.634C3E-06 
1,465 18E-06 
I 7 C  6 17E-0 8 
31686L4E-07 

1 SOTOPE 

U238 
NP236 
NP237 
Pb236 
PU23f 
PUZ38 
PU239 
PU240 
PU241 
Pb242 
AH241 
AH242 
AH242H 
AN243 
CH242 
CH243 
CH244 
CH245 
CH246 . 
CH247 
CH248 

c-- 

CGNCENIRAI I G N  

9,233C8E-OE 
5 4994  1E- 12 
2 80 8 4 5 E-0 t 
1 99 9 9 0 E-0 5 
1.449 79E- I5 
2.388CeE-01 
2 . 26 1 C5E-03 
1.42241E-03 
2.67080E-01 
1-89 152E-OC 

4 -52947E-06 
3.43384E-03 

4 -552 17E-06 
I ,82925E-Ot 
1 I I 1 7 7 E- 0 5 
1.761F8E-06 
5. I66FOE-05 
2. IO7S9E-GF 

2.06847E-16 
1.68263E-IC 

2- 16006E-16 

8 Q 
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TABLE 3.4 
ISOTOPIC CONTENT (Ci/lb) OF WASTE GLASS - 15 YEARS 

I 53 TOPE 

C O  6 0  
SE 79 
R B  8 1  
SR 89 
S R  90 

Y 90 
Y 91 

LR 93 
ZR 95  
N@ 95 

I- NB 9 5 M  
TC 9 9  

I R U 1 0 3  
PU1 Ob 
RH1034 
RH106 
PO107 
4 6 1  10 
C O I  l 5 M  
SN121M 

------- 

I 
w 

VI 

CFNCENTRI T I C N  

1.45364E-02 
4 -31562E-05  
2 .P6411E-09 
1.158175-29 

7.56371E 00 

5 -76288E-04 

- - --- ---- -- -- 

7-56174€  00 

50 14453E-26 

5 14  38 7 E -2 3 
1-109JBE-22 
6 0 5327 1E-25 
7. w 9 7 3 z  - 0 4  
6 . 2 0 4 8 2 i - 4 0  
4 ,94782E-04  

5.94T82E-04 

1.74149E-07 

9. C3826E-06 

1 .2421  8E - 3 9  

2-89984E-06 

6.  46960E-38 

I SOTOPE 

SN123  
SN126 
5 8 1 2 4  
58125  
58126 
5 8 1  26M 
TElZSP 
Tc'127 
TE l27H 
TE129 
TE129H 
cs134 
C 5135 
C S 1 3 7  
RA137N 
CE 1 4 1  
CE142 
CE144 
P R l 4 4  
P R l 4 4 H  

------- CCNCEhT RAT I CN - -------- - 
2.52730E-13 
4 - 7 8 8 0 0 F - 0 6  
1- 2350fE-ZF 
2-1175?E-O 2 
6.70323t-0 7 
4-78eO;E-OC 
4.96217E-D 3 
2.24443E-15 
2-2914OE-15 
8 -38  86 6 E - 4 9  
1-3212OF-4€ 
3-80G04E-3 2 
L 8 9 8 0 t E - 0  5 
8 -05512€  00  
7.620CbE 00 

3.02396E-Q 9 
1 - 8 1 € 5 ? E - 4 €  

4 - 2 5 5 2 0 E - 0 4  
4 2 5 ?: 3 ?E-0 4 
5 . 1 0 6 3 i E 4 J 6  

ISOTOPE CONCENTRLT I O N  
---e--- ------------- 
NO144 lo 5 3 5 8 s - 1 3  
PMl47 5.45243E-0 1 

PM148H 7.6206 3E - 40 
SM147 

1 . 7 8 2 4 4 ~  -1 5 SMl48 
SN149 5 - 5250 4E - 1 6  
SM151 6.93570E -02 

EU154 8 8 390 ZE-3 2 

T B160 2-19894E-25 
T L2 OR 
u232 2-16253E - 0 6  

P M l 4 R  5- 25576E-41 

7 0 7990 2E-10 

F U l 5 2  7. rJ6987E-34 

E U 1 5 5  3- 69488E-02 

7 -  17880E-07 

U234 . 1-46513E-06  
U235 1 7061 7E-08 
U 2 3 6  3 .6868%-47 

5.49907E-12 
U2 38 9-23308E-38  

NP2 36  

I SOTOPE 

NP2 37 
PU236 
PU2 37 
PU238 
PU239 
F U 2 4 0  
PU241 
PU242 
AH241 
AM242 
br242M 
AH241 
CH242 
CP243 
CM244 
CM245 
CH246 
CH247 
CC248 

------- CONCENTRt TION --------- ---- 
2o80844E -06 
1.75838E-06 
1 - 1 6  16 4E-39 
20 20753E -01 
2.26040E-03 
1.42090E-03 
1 .6666%-01  
i .a9 I ~ D E - O ~  
6.76243E -03 
4-32755E-06 
4 034925E-06  
1.82153E -06 

1.38158E-06 
3058942E-06 

30 5 2 3 7 X - 0 5  
2 -10627E-09 
1 6801 7E -19 
2 - 0 6  84 7E - 16 
2-16005E-16 

TOTAL ACTIVITY 3.20 01 Ci/lb HEAT GENERATION, wattdlb 
Primary 6.70-02 
Gamma 2.82-02 .................................... ~ .................................................. -.-.--- ............................ 



TABLE 3.5 .' 

Physical Properties of Glass Waste Forms 

ProDertv Value Reference 

Thermal Conductivity 
at 100°C 

Heat Capacity at 100°C 

Fractional Thermal 
Expans ion 

Young's Modulusa 

Tensile Strength 

Compressive Strength 

Poisson's Ratiob 

Density at 100°C 

Softening Point 

a. Young's modulus, or 

0 . 5 5  pcu/hr-ft-'C 

0.22 pcu/lb-"C 

1.1 10-5013 

9 x 106 psi 

9 103 

1 x 105 p s i  

0.2 

2.49 glcc 

500 to 550°C 

Table 3 . 6  

Table 3.7 

d 

1 

1 

4 

1 

Table 3.8 

d 

the modulus of elasticity, measures 
the stiffness of the material, e.g., carbon steel is 
about 30 x l o6  psi. 

b. Poisson's ratio can be thought of as the ratio of equa- 
torial to axial strain, under an applied axial stress. 

c. Experimentally determined. Range is 2.35 to 3.25. 

d. Experimentally determined. 
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TABLE 3.6 

Calcu la ted  E f f e c t i v e  Thermal Conduct iv i ty  of t h e  
Reference Glass  Waste Form 

Temp, 'C 

0 

100 

200 

3 00 
400 

5 00 

6 00 

655 

700 

k e f f  3 

pculhr-ft-"C 

0.54 

0.55 

0.56 

0.58 

0.59 

0.60 

0.61 

0.62 

0.69 

Temp, "C 

750 

800 
850 

9 00 

950 

1000 

1050 

1100 

1150 

k e f f ,  
pculhr-ft-"C 

0.81 

0.95 

1.11 
1.29 

1.50 

1.73 

1.99 

2.26 

2.55 

TABLE 3.7 

Calcu la ted  True and Mean Heat Capaci ty  o f  t h e  
Reference Glass  Waste Form 

Heat Capac i ty ,  pcullb-'C 
TemD.  'C Cm(Mean)* CD(True) 

0 
100 

2 00 
3 00 

400 

500 

6 00 

7 00 

800 

900 

1000 

1100 

1200 

0.177 

0.200 

0.218 
0.232 

0.244 

0.253 

0.262 

0.269 

0.275 

0.280 

0.285 

0.289 

0.292 

0.177 

0.220 

0.250 
0.271 

0.286 

0.298 

0.307 

0.314 

0.320 

0.324 

0.328 

0.332 

0.334 

* Reference temperature  - 0°C. 
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TABLE 3.8 

Ca lcu la t ed  Dens i tv  of  t h e  Reference Glass  Waste Form 

Dens i t  y , Densi ty  , 
Temp., " C  gm/cc Temp., " C  gmlcc 

25 

a 00 

2 00 

300 

400 

5 00 
596 

600 

2.495 

2.490 

2 e 484 

2 ,478 

2.471 

2.465 

2.459" 

2.458 

700 

800 

900 

1000 

1100 

1150 

1200 

1300 

2.440 

2 -421 

2.403 

2.385 

2.367 

2.358 

2.349 

2.330 

* Densi ty  o f  g l a s s  a t  s t r a i n  po in t  tempera ture .  

TABLE 3.9 

Ca lcu la t ed  V i s c o s i t y  of t h e  Reference Glass Waste Form 

Temp., "C ?, p o i s e  Temp., "C ?, p o i s e  

8 50 

875 

9 00 

925 

950 

9 75 

1000 

IO25 

1930 

1080 

656 

425 

29 1 
2 08 

154 
118 

1050 

1075 

1100 

1125 

1150 

1175 

1200 

1225 

92.6 

74 - 4  

61 .O 

50.9 

43.0 

36.9 

32.0 

28.1 

1 ' .  1 . 

n 

- 3.18 - 



TABLE 3.10 

Effect o f  Sludge Components on Devitrification of  Waste Glass [141 

Heated One Month at 600°C 
Re 1 at ive 

Component, Amount of Phase 
wt % T D ~  "c Dev it r i f ica t iona Formed - 
None 623 S 

CaO (1.2) 6 32 S 

NiO (2.4) 64 5 S 

u308 (5.5) C S 

A1203 (21.1) 576 XL 

Fez03 (19.3) 620 L 

Mn02 (6.6) 608 S-M 

b 

b 

b 

b 

Mn304d 
NaAl Si04 

Fe 304d 

a. S = Small; M = Moderate; L = Large; XL = Essentially 

b. Too  little to detect by x-ray diffraction. 

c. None observed a t  T (850'C. 

d .  

cornp le t e. 
Y 

Though listed as c304 (C -- Fe or Mn) they probably 
contain Ti, Na, and Li, in a spinel structure. 

- 3.19 - 



TABLE 3. J 1 

Glass Leach Rates Based on Cs-137 

Glass Type' 
, .  

2 1-35-4.6 

2 1 -35-5A 

I 21-35-5B 
W 

N 
3 

21-35-13A 

I 2 1-35-1 38 

2 1-35-1 3C 

2 i -35-1 5 

21-35-16 

3.7-07' 

2.2-07 

3.8-07 

3.3-07 

2.9-07 

1.6-07 

3.8-07 

5.2-06 

8.8-07 

2 .O-07 

3.8-07 

2.4-07 

1.4-07 

1.3-08 

2.6-07 

8.0-07 

7.5-08 

3 .O-07 

1.1-06 

6.3-07 

2.7-07 

I .  2-07 

3.5-07 

1.6-06 

7.6-08 

2.0-07 

6.1-07 

2.7-07 

4.5-07 

2.2-07 

3.9-07 

4.0-07 

14 

3.1-08 

1.3-07 

2.9-06 

1.5-07 

2.8-05 

1.2-07 

9.6-07 

6.2-07 

21 

9.5-08 

1 .O-07 

- 

3 .O-06 

3.6-06 

2.4-04 

1.6-06 

9.5-06 

35 

7.7-08 

5.2-08 

I .  8-07 

1.1-07 

5.7-07 

2.7-06 

1.6-07 

4.8-07 

a .  Glass is designated by: F r i t  number - wt % sludge - SRP waste s torage 
b .  Leach r a t e  = grams of waste form/crn2-day. 

I .  5-08 I .O-07 

1.4-08 2.2-08 

4.1-08 1.8-08 

- I .  5-08 

2.7-07 1.1-07 

7.2-08 3.1-08 

3.9-08 1.2-07 

1.7-07 4.2-07 

9.4-09 

3.6-08 

6.  i-09 

3.5-08 

9.4-08 

3.2-08 

6.6-08 

2.1-07 

farm sludge source (Tank). 

c .  Leach r a t e s  a r e  given in exponent ia l  form, i . e . ,  3.1-07 = 3.7 x 



c 

TABLE 3:12 

G c 

G l a s s  Leach Rates Based on Pu 

2 b Leach Rate (g/cm -day) 
2 4 7 14 21 35 50 74 100 ( d a y s r  
- _ _ _ - - - - - _ _ I  

G l a s s  Type' 1 

2 1-35-4.6 2 .  2-0ac 2.9-07 5.2-07 1.5-08 4.4-09 1.4-08 4.8-09 4.8-09 2.1-09 1.9-09 

21-35-5A 3.7-06 3.4-07 1.8-06 4.2-07 9.7-08 8.2-08 3.6-08 2.4-08 4.2-08 1.6-08 

2 1-35-58 7-8-07 2.8-07 4.0-07 7.7-07 9.6-08 - I .  9-07 4.0-08 I .  9-08 I .  5-08 
I 

w 2 1 -35- 1 3A 6.4-07 1.4-06 7.3-06 1.2-06 5.5-07 - 5.4-07 - 2.7-07 4.8-08 

21-35-138 2.5-06 2.2-06 1.8-06 2.8-06 1.3-06 8.9-07 5.1-07 6.1-07 8.6-08 9.2-08 

21-35-1 3C 3.5-07 - 3.1-07 1.9-07 2.0-07 8.5-07 1.5-07 1.1-07 3.2-09 9.2-09 

bJ 

I 

c. 

21-35-15 3.6-06 1.4-06 6.4-07 7.3-07 7.8-07 6.9-07 5.9-07 3.7-07 2.6-07 4.6-08 

21-35-16 I .  2-06 3.5-07 5.0-07 1.9-07 1.4-07 2.5-07 9.0-08 9.2-08 7.4-08 1.2-08 

a .  G l a s s  i s  d e s i g n a t e d  by: F r i t  number - w t  X s l u d g e  - SRP waste s t o r a g e  farm s ludge  source (Tank). 
b .  
c .  Leach r a t e s  a r e  g i v e n  i n  exponential  form, i . e . ,  2.2-08 = 2 . 2  x 

Leach r a t e  = grams of waste form/cm2-day. 



TABLE 3.13 

Glass Leach Rates Based on Sr-90 

Glass Typea 

21-35-4.6 

2 1-35-5A 

I 2 1-35-58 
w 
r 4  
hJ 

21-35-13A 

I 2 1-35-13B 

21-35-1 3C 

2 1-35-15 

21-35-16 

2 b Leach Rate (g/cm -day) 
1 2 4 7 14 2 1  35 50 74 100 (davs)  

7.6-07' 

9.7-07 

8.2-07 

2.1-06 

2.7-07 

I .  7-07 

7.7-07 

3.1-07 

2-8-07 

I .  3-06 

1.7-06 

2.2-06 

4.0-07 

2.2-07 

4.4-07 

1.9-07 

I .  2-07 

1 .5-06 

1.4-06 

2.9-06 

1.7-06 

3.5-07 

5.8-07 

1.5-07 

4.6-08 

I .  1-06 

1.8-06 

1.9-06 

1.6-06 

2.4-07 

6.9-07 

1.4-07 

1.7-08 

7.4-07 

I .  3-06 

1 .3-06 

9.1-07 

1.6-07 

4.0-07 

I .  0-07 

8.6-09 

3 .&07 

- 

8.6-07 

6.7-07 

2.8-07 

2.3-07 

8.8-08 

5.5-09 

1.1-07 

I .  9-07 

4.5-07 

3.5-07 

8.9-08 

8.1-08 

5.3-08 

5.4-09 

6.9-08 

7.2-08 

- 

3.3-07 

6.5-08 

5.3-08 

5.1-06 

3.5-09 

8.3-08 

4.3-08 

I .  6-07 

2.1-07 

4.2-08 

3.8-08 

4.1-08 

I .  0-08 

1.1-07 

I .  6-07 

1.4-07 

2.2-07 

5.6-08 

1.1-07 

4.4-08 

a .  Glass  is designated by: F r i t  number - w t  X sludge - SRP waste storage farm sludge source (Tank). 
b o  Leach r a t e  grams of waste form/cm2-day. 
c .  Leach r a t e s  a r e  given i n  exponent ia l  f o r m ,  i . e . ,  7.6-07 = 7.6 x 



TABLE 3.14 

Major Chemical Cons t i tuents  of S a l t c r e t e  

Compound 

NaN03 

NaN02 

NaOH 

NaA102 

Na2CO-j 

Na2S04 

Na 2c 2O4 

NaCl 

NaF 

Na [HgO(OH) 1 

H20 

Cement 

w t  % 

5.89 

2.10 

3.07 

1.29 

1.40 

1.18 

.0169 

.0419 

.00274 

.00837 

29.2 

55.8 

- 

- 3.23 - 



I 

I 

I 

c*1 

N 
P 
I 

TABLE 3.15 
ISOTOPIC CONTENT InCilg) OF SALTCRETEa - 5 YEARS 

I S O T O P E  

H 3  
CR 5 1  
CO 6 0  
SE 79 
RB 87 
SR 89 
S P  90 

Y 90 

LR 93 
L R  95 
NB 95 
NR 95M 
TC 99 
RUlO3 
RU1 Ob 
RH103'4 
R M  06 
PO107 
A61 10 
CD115M 
SNl 2 lM 
SN123 

----___ 

r 91 

CONCENTR 8 TION 

C.34654: 01 
6.11067E - 17 

< 2  . 0 0 0 0 0 E - 0 2 b  
9; 37672E-02 
Z.37934E-0 7 
1.337962-09 
5.37767E-01' 
5-379J2Z-OlC 
2.469236-08 
2.39290f-02 

b 
b 

1.6588 ZE-06 

1.49206€.-07 
1.94871E 0 4  
1.493549-37 
1 .9487 l t  0 4  
b.29927E -03 

2.7oie9z oic 

b 
6.32073f-13 
4.330612-03 
3. 51486:-02 

I so TOPE 

SN126 
SB 124 
5 01 2 5  
$81 26 
S8126M 
T f l 2 5 M  
T E l 2 7  
r E l Z 7 H  
TE129 
TE 129M 

1129 
C S134 
C S 1 3 5  
CS136 
C 5137 
8Al36M 
81137M 
BA140 
L A 1  40 
CE141 
CE142 
C E l  44 
PR143 

- -- ---- CCNCENTRATI CN 

1.9970 1E-O 3 
5.46534E-09 

2.7958 1E-3 4 

1.36555E 0 2  

C.00577E-02 
1.50616E-12 

------- 

1.11872E 3 2  

1. S S  70 I€-0 3 

5. 9 6  10 3F-02 

20 37217s-12 
9 77 107E-0 2 

b 
7.F6C9PE-05 
1.3603CE-41 
2.67939F 3 l t  
4.3529 PE-4 2 

5 .04781~-4  o 
2053469€  > I C  

5.7196 1E-38 
4.74673E-12 
1.26 12 3 - 0  6 

b 
1.58 20OE-3 5 

I SOTOPF 

PR144 
PR144W 
NO144 
NO147 
PM147 
PM148 
PHl40M 
SI4147 
SM148 
SM149 
S M l  51 
EU142 
EU154 
E U l 5 5  
EU156 
T 8 1 6 0  
TL206 
TL2 0 7  

T i 2 0 9  
U232 
U t 3 3  
Ut 34  

------- 

TL 20 a 

CONCENTRATION 

b 
b ;  

6.35739E-11 
1.67768F-45 
3.20975E 01' 
9.19177E-12 
1 33278E-10 
2.52488E-07 
7 4341 3E- 13  
2.30439E-13 
3.11675E 01 
5 -00 5 1 ZE -J 2 

------------- 

b 
6.50833E 00 
6.93090E-34 
1.47945E-07 

4.64359E-08 
3 . 1 2 e 4 i ~ - i e  

7.24558E -04 
2.95 168F - 12 
6. 74560F -05 
7.99384C - ) 9  
2.10680F-OC 

1 SOT OPE -----_- 
U2 35 
U236 

NP236 
NP237 
PU236 

PU2 38 
PU239 
PU240 
PU241 
PU242 
APJ241 
AM242 
AM242M 
A C243 
CM242 
CM243 
CM244 
CM245  
C P2 46 
C Ut47 
CP248 

u 3 e  

pv23r  

CONCENTRAT I O Y  

6.9551 lE'07 
1 -50939E-05 
3.8333 3E 4 6  
2 28 34 8€ - 10 
1 16 1 1 7 E -04 
9 . 2 3 2 8 N - 0 6  
6.73794E-16 

1.04390E-03 

1 .24046E-L l  
8.7897 lE - 07 

1.86064E -04 
1.89008E-04 
7 . 5 9 5 5 3 E 4 5  
4.61 62 I - 0 4  
7.316156-05 
2 14 54 4E 4 3  
8-  15 294E -00 
6.98671E-09 

8.96900E- 15 

1.1@9lJE-U1 

6 .59680~-04  

1.4243 5E-01 

e. 58  e e o ~  -1 5 

a. The isotopic concentrations were computed by a computer model which simulates rhe flow of isotopes through the reference process. 
Unless otherwise noted, no credit was taken for decontamination by the ion exchange flowsheet except for cesium. plutonium, and 
strontium. 

6. Eased on chemical analyses bee footnote c )  the total contribution from these isotopes is <0.5 n Ci/g. 

c. These values were determined analytically after actual SRP waste supernate was clarified and treated by the reference ion exchange 
process (see "Reference Process for Disposal of SRP Waste Salt. " lnternal memorandum, 8. W. Benjamin-P. L. Rogpnkamp to 
S Mrshak, November 16. 19791. Concentrations computed b y  the computer model are documented in appendix 13.7. 



c c C 

I 

w 
N 
v1 

I 

TABLE 3.16 
ISOTOPIC CONTENT (nCi/g) OF SALTCRETEa - 15 YEARS 

I SOTOPE 

H 1  
C O  60 

R A  (47 
S R  I)9 
SR 90 
t 90 
Y 91 

l R  9 3  
I R  9 5  
K H  95 
N n  r i5M 
T C  79 
RU103  
Y U l O 6  
R h I U 3 H  
RH106 
PC 107 
4c110 
C O I  15M 
Sh12 lM 

SF r9 

CONCENTRAI I O N  

3 . 6 0 6 l L E  01 
-- - _-____ 
1-7. 0 0 0 0 0 L - 0 :  b 

9 . 5 ~ 5  TZE-OL 
2 . 3 ~ 9 3 4 ~ - 0 7  
9.59 JS7F- 3 1 
4 . IOZ08F-01C 
4 .ZJ3  I RE-01 '  
4 - 7 6  160E-2 7 
2 - 3 9 ?  HBF-UL 

b 
C z . r I z ~ J E - L  3 

7 . T 0 1 7 Y E  01' 
2.56 J69f-3 5 
7 . 0 4 l F 4 E  01 
2 .56J23E-35  
2.041V4E 01 
6.79 9 2 7E- 0 3 

I .405 3 v t - 3 4  
3 - 7 6 9 6 6 E - 0 3  

b 

I SOTOPE 

S h l Z 3  
sn I26  
SM I 2 4  
s c  I25 
S C 1 2 6  
S U l 2 6 M  
TE 125H 

IF127H 
1 E  129  
T E  1 2 9 ~  

I 1 2 9  
CS134 
C S l 3 5  

1!Al37M 
C t l 4 l  
CE 142  
C E  144 
P R l 4 4  
PR 144M 

T F  12r 

cs13r 

I S O I U P E  

NO164  
P . Y l 4 7  
P314fJ 

SH147 
S M l 4 8  
S H l 4 9  
S U I 5 1  
EU152  
E 0 1 5 4  
t o 1 5 5  
T U 1 6 0  
I L L 0 6  
TL 20 7 
TL208 
T L Z 0 9  

U2 3 2  
U2.33 
U 2 3 4  
0 2 3 5  
U Z 3 6  

------- 

PNI46i.I 

CL  NCENT RA 1 I OY 

b - 4 0 5  5E- I 1 
2 .28463E O O C  
Z . l Y 2 0 5 E - J 8  
3.17844E-31 
3.25283E-07 
7.434 I 3 E - 1 3  
2 .50439  E- 1 3  
2.89275E 0 1  
2 e 9  J 5 6  1E-02 

l . 5 3 4 2 1 E  00 
S.1712CE-23 
1 .04528E-16  
l . 2 1 6 7 5 E - 0 7  
1 .54948E-03  
1.344 I J E -  I 1 
R - 9 2  189E-05  
I - 3 0 5 9 8 E - 0 8  
4.80362E-04 
6 . 9 5 9 1 1 E - O r  
1.51 114E-05  

- ---- 

b 

I SOTOPE 
I----- 

u238 
NPZ36  
N P 2 3 7  
P U 2 3 6  
PUZ 3 7 
PU230  
PUZ 3 9  
PU240 
PU24 I 
PU242  
AP24 1 
AM242 
AM24ZH 
AM243 
CN247  
C H 2 4 J  
CM244 
CM245 
C H Z 4 6  
C M 2 4 1  
CM248 

CONCENIr jA l  I O &  
- - - - - - - - -- - -- 

3.83333E-06 
2.2R3 J4E- IO 
I .  1664BE-04  

5 .398bJE-40  
1 . 0 2 4 H 6 t - 0 1  
1.045bOE-03 
b . 5 8 9 8 0 € - 0 4  

8 .1896bE-07  
2 . 8 0 h 1 M ~ - 0 1  

1 .80582E-04  
7.5fl8 3AE-05 
1.490 J4E-04  
5. 7366 iE -OS 
1.46315E-03 

6 .97646E-09  
R . 5 R R R O E - I  5 
8 . 9 6 9 G O E - 1 5  

a. i i r r 71;-0 1 

r .  7 4 1  OZE-02 

I .  7 9 6 8  I E - O ~  

R .  r 4 5  i w - ~ e  

a. The isotopic concentrations were computed by a computer model which simulates the flow of isotopes through the reference process. 
Unless otherwise noted, no credit was taken for decontamination by the ion exchange flowsheet except for cesium, plutonium, and 
strontium. 

6. Based on chemical analyses (see footnote c1 the total contribution from these isotopes is <0.5 n Ci/g. 

c. These values were determined analytically after actual SRP waste supernate was clarified and treated by the reference ion exchange 
process (see "Reference Process for Disposal of  SRP Waste Salt. " Internal memorandum, B. W. Benjamin-P. L. Roggenkamp to 
S. Mirshak, November 16, 19791. Concentrations computed by the computer model are documented in appendix 13.7. 



FIGURE 3.1 A c t i v i t y  in DWPF Glass 
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FIGURE 3 . 2  Decay Heat i n  DWPF Glass 
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4 .  PR3CESS DESCRIPTION 

4.1 General (L. F. Landon) 

High-level l i q u i d  wastes are sepa ra t ed  i n t o  two f r a c t i o n s  i n  
t h e  241-F and t h e  241-H waste tank  s t o r a g e  f a c i l i t i e s  p r i o r  t o  
t r a n s f e r  t o  t h e  DWPF. The f i r s t  f r a c t i o n ,  des igna ted  t h e  super- 
n a t e  feed stream, i s  a blend of  a p p r o p r i a t e l y  aged supe rna te  and 
r e d i s s o l v e d  s a l t  cake. The o t h e r  f r a c t i o n ,  des igna ted  a s  t h e  
s ludge-s lur ry  feed stream, i s  a blend of t h e  in-tank se t t led  
i n s o l u b l e s .  

The aluminum con ten t  of  t h e  s ludge - s lu r ry  i s  reduced by 
c a u s t i c  d i s s o l u t i o n .  Soluble  s a l t s  a r e  then  sepa ra t ed  from t h e  
s ludge  by washing and c e n t r i f u g a t i o n .  

The i n s o l u b l e  s o l i d s  f r a c t i o n  of  t h e  supe rna te  feed stream 
i s  sepa ra t ed  by g r a v i t y  s e t t l i n g  and f i l t r a t i o n .  Cesium, P lu to-  
nium, and s t ron t ium are removed from t h e  c l a r i f i e d  supe rna te  u s i n g  
i o n  exchange resins. The c l a r i f i e d  supe rna te  i s  s o l i d i f i e d  i n  
c o n c r e t e  and bur ied  i n  s o i l  t r enches .  

Cesium and plutonium e l u t e d  from t h e  i o n  exchange r e s i n  are 
sepa ra t ed  from t h e  e l u t r i a n t  by f i x a t i o n  on z e o l i t e .  The z e o l i t e  
s l u r r y ,  concen t r a t ed  s t ron t ium e l u a t e ,  and washed s ludge  are d r i e d  
and melted wi th  a d d i t i v e s  t o  form a b o r o s i l i c a t e  g l a s s .  The g l a s s  
i s  poured i n t o  s t a i n l e s s  s tee l  c a n i s t e r s  where i t  hardens  upon 
coo l ing .  Lids are welded on t h e  c a n i s t e r s .  Each c a n i s t e r  i s  i n -  
spected, leak checked, decontaminated and shipped to an on-site 
i n t e r i m  s t o r a g e  f a c i l i t y .  

4 . 2  F a c i l i t y  Capac i ty  (L. F. 'Landon) 

The f a c i l i t y  i s  t o  be  capable  of  p rocess ing  waste a t  an  
average  a t t a i n e d  r a t e  o f  9 gpm e q u i v a l e n t  feed on a r e c o n s t i t u t e d  
b a s i s .  This  r a t e  i s  a good compromise between low c o s t  and r a p i d  
waste inven to ry  r e d u c t i o n .  Smal le r ,  s l i g h t l y  lower-cost p l a n t s  
would r e q u i r e  e x c e s s i v e l y  long p rocess ing  p e r i o d s  and would be 
unrespons ive  t o  t h e  need f o r  prompt a c t i o n  on waste d i s p o s a l .  
Larger p l a n t s ,  a l though p rocess ing  waste f a s t e r ,  would be more 
expens ive  and would "ca tch  up" wi th  SRP waste gene ra t ion  a f t e r  a 
few years of  o p e r a t i o n ,  t h e r e a f t e r  r e q u i r i n g  i n e f f i c i e n t  o p e r a t i o n  
a t  a reduced r a t e  and imposing an a d d i t i o n a l  c o s t  p e n a l t y .  Addi- 
t i o n a l  in format ion  concerning t h e  s e l e c t i o n  of t h e  r e f e r e n c e  
c a p a c i t y  i s  d e t a i l e d  i n  DPST-78-582. 

\ i .  ( .  
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4 . 3  Flow Diagram (L. F .  Landon) 

F igu re  4 . 1  i s  a b lock  flow diagram fo r  t h e  de fense  waste 
pr oc es s i n g  f a c i  li t y  . 

4.4 Flowsheets and M a t e r i a l  Balances (G. W .  Becker, J.  R. Chandler,  
L. F. Landon) 

This  s e c t i o n  d e s c r i b e s  i n  d e t a i l  t h e  bases  used t o  develop 
f lowshee ts  and m a t e r i a l  ba l ances  f o r  each process  module. Only 
main process  l i n e s  are i l l u s t r a t e d  and p a r a l l e l  o p e r a t i o n s  are 
combined i n t o  a s i n g l e  r e p r e s e n t a t i v e  ope ra t ion .  Streams t h a t  a r e  
i n c o n s i s t e n t  i n  terms of chemical makeup and s o l i d s  con ten t  (such 
as l a b  waste,  s t a c k  condensa te  and sand f i l t e r  condensa te)  were 
cons idered  i n  terms of  t o t a l  f low on ly .  The material ba l ances  
were prepared u s i n g  t h e  Du Pont Engineer ing  Department 's  Chemical 
Process  Eva lua t ion  Sys tem (CPES) computer program. Unless o the r -  
wise s p e c i f i e d ,  p rocess  streams a r e  assumed t o  be a t  38'C f o r  
m a t e r i a  1 ba lance  pur poses . 

Table  4 . 1  w a s  p repared  t o  a s s i s t  i n  l o c a t i n g  f lowshee t /  
m a t e r i a l  ba l ance  in fo rma t ion  qu ick ly .  L i s t e d  are (1) t h e  v a r i o u s  
process  modules which comprise t h e  de fense  waste p rocess ing  f a c i l -  
i t y ;  ( 2 )  t h e  flowsheet i d e n t i f i c a t i o n  numbers, ( 3 )  t h e  f lowshee t  
f i g u r e  number, ( 4 )  t h e  m a t e r i a l  ba l ance  i d e n t i f i c a t i o n  numbers, 
and ( 5 )  t h e  material  ba l ance  t a b l e  number. The b a s i s  used t o  
deve lop  each module 's  material  ba l ance  i s  p resen ted  below. 
comprehensive d i s c u s s i o n s  of  each module are i n  S e c t i o n  4 .5 .  

More 

4 .4 .1  Nonradioac t ive  C o n s t i t u e n t s  

4.4.1.1 Sludge and Superna te  Feed Stream P r e p a r a t i o n  

The purpose of t h e s e  o p e r a t i o n s  i s  t o  feed t h e  DWPF two feed 
streams - a supe rna te  stream and a s ludge - s lu r ry  stream. The 
f lowshee t  (FS-2) i s  shown i n  F igu re  4 .2 .  The material  ba l ance  
(MB-2) i s  t a b u l a t e d  i n  Table  4.2. The material ba l ance  bases  
assumed are: 

F- and H-kea  s ludges  and supe rna te s  are blended. 

Sludge i s  s l u r r i e d  and removed from s t o r a g e  t anks  wi th  r e c y c l e  
water. The o r i g i n a l  compacted s ludge  volume is s l u r r i e d  with 
a volume of  water such t h a t  t h e  r e s u l t a n t  volume i s  tw ice  t h e  
o r i g i n a l  s ludge  volume. The s ludge - s lu r ry  i s  then  t r a n s f e r r e d  
t o  aluminum d i s s o l v i n g .  

8 Redissolved s a l t  cake and aged decanted supe rna te  are removed 
from s t o r a g e  t anks  and s e n t  t o  g r a v i t y  s e t t l i n g .  One g a l l o n  o f  
s a l t  cake makes four  g a l l o n s  of  supe rna te .  
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e The d e t a i l e d  bases  fo r  t h e  compositions and q u a n t i . t i e s  used i n  
p repa r ing  t h e s e  feed streams a r e  d e t a i l e d  i n  Appendix 13.2.  

e The equ iva len t  of 130 l b / h r  r e c y c l e  water i s  used t o  f l u s h  t h e  
s ludge - s lu r ry  t r a n s f e r  l i n e .  This i s  equ iva len t  t o  a 9360 l b  
water f l u s h  fo l lowing  a t r a n s f e r  made every t h r e e  days .  

4.4.1.2 Aluminum D i s s o l u t i o n  

The purpose of  t h e s e  f a c i l i t i e s  i s  t o  remove.aluminum from 
t h e  s ludge  by b o i l i n g  t h e  s ludge  i n  a c a u s t i c  s o l u t i o n .  The 
flowsheet (FS-3) i s  shown i n  F igure  4.3. The material  ba l ance  
(MB-3) i s  t a b u l a t e d  i n  Table  4.3. The m a t e r i a l  ba l ance  bases  
a r e :  

e Sludge i s  i n  a water-sludge s l u r r y  produced by s l u r r y i n g  t h e  
o r i g i n a l  s e t t l e d  volume of  t h e  s ludge  wi th  a volume of  water 
such t h a t  t h e  r e s u l t a n t  volume i s  twice  t h a t  o f  t h e  o r i g i n a l  
s ludge  volume. 

e Sodium hydroxide i s  added t o  t h e  s ludge  as a 50 w t  % s o l u t i o n  
so t h a t  t h e r e  are 16 moles of added NaOH per  mole of undis- 
so lved  aluminum. 

e The s o l u t i o n  is ad jus t ed  t o  5M NaOH a t  t h e  beginning  of  t h e  
ba t ch .  

e For ty - f ive  percent  of t h e  water fed i s  b o i l e d  a t  t o t a l  r e f l u x  
f o r  a t  l eas t  30 min. For m a t e r i a l  ba l ance  purposes ,  75% of  t h e  
aluminum i s  assumed t o  be  d i s so lved  accord ing  t o  t h e  r e a c t i o n :  

A1203 '3H20( s ) + 2NaOH(aq) X 2NaA102( as) + 4 H 2 0  

x = 75% 

e Grav i ty  s e t t l e r  bottoms and waste sand lcoa l  are blended i n  t h e  
d i s s o l v e r  a f t e r  aluminum d i s s o l u t i o n  i s  complete. 

4 .4 .1 .3  Sludge Washing 

The purpose of t h i s  o p e r a t i o n  i s  t o  wash s a l t s  from t h e  s ludge  
i n  o rde r  to mainta in  s r a y  d rye r  feed (F igu re  4 .5)  w i th  <5% Na*, 
- < l o %  NO3-, and <3% S04!- on a d ry  weight b a s e s .  The flowsheet (FS-4) 
i s  shown i n  FigLre 4.4.  
i n  Table  4 .4 .  The m a t e r i a l  ba l ance  bases  are: 

The m a t e r i a l  ba l ance  (MB-4) i s  t a b u l a t e d  
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e Washed s ludge  c o n t a i n s  2 . 0  w t  X s o l u b l e  s a l t s  on a dry  weight 
b a s i s  . 

8 Sludge i s  ba t ch  washed by d i l u t i o n  with water. 

Three c e n t r i f u g e  passes  per ba t ch  of f eed .  The f i r s t  pass  i s  a 
s ludge  dewater ing  s t e p  followed by two wash passes. 

e S o l i d s  recovery  - 98% i n  each c e n t r i f u g e  pass .  

e F i l l  baske t  t o  90% volume i n  f i r s t  c e n t r i f u g e  pass. 

e Skim t o  cake s u r f a c e  i n  each pass .  

e Three (3.0) l b s  H20/lb s o l i d s  i n  cake. 

e Addi t ion  of  sp ray  water fo l lowing  t h e  t h i r d  c e n t r i f u g e  pass  t o  
provide  a washed s ludge  s l u r r y  c o n t a i n i n g  1 7  w t  % t o t a l  s o l i d s .  

e 

e 

Use an equal  volume of  spray  water i n  each c e n t r i f u g e  pass. 

Use an equa l  volume o f  wash water p lus  spray  water i n  each 
c e n t r i f u g e  pass.  

e Cent r i fuge  bowl volume - 120 g a l l o n s .  

4.4.1.4 Spray Drying and V i t r i f i c a t i o n  

The purpose of  sp ray  d r y i n g  i s  t o  conver t  t h e  s l u d g e  s l u r r y  
feed i n t o  a powder f o r  feed t o  t h e  m e l t e r .  The purpose of  t h e  
cont inuous  joule-heated melter i s  t o  mel t  b o r o s i l i c a t e  g l a s s  f r i t  
and d r y e r  product i n t o  a homogeneous molten g l a s s  t o  be  poured 
i n t o  c a n i s t e r s .  The flowsheet (FS-5) i s  shown i n  F igu re  4.5.  The 
material ba l ance  (MB-5) i s  t a b u l a t e d  i n  Table  4.5.  Bases used i n  
deve loping  t h e  m a t e r i a l  ba l ance  are: 

e The spray  nozz le s  a r e  ope ra t ed  wi th  four pounds of  a tomiz ing  a i r  
pe r  g a l l o n  of  d r y e r  feed s l u r r y .  

e T o t a l  average  f i l t e r  blowback air  i s  85 SCFH. 

e 65 lb o f  f r i t  added135 l b  of s o l i d s  and s a l t  i n  s p r a y  d rye r  feed 
(d ry  b a s i s ) .  

e A i r  i n l e a k a g e  r a t e  assumed a t  20 l b / h r .  
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0 Entrained frit air has the same volume as frit. 

0 

0 Glass melt temperature - 1150°C. 
0 

0 

2% free H20 in spray dryer product. 

Off-gas temperature - 35,O”C (at sintered metal filters). 
For material balance purposes, the spray dryerfmelter stoichiom- 
etry is as follows: 



4.4 .1 .5  Off-Gas Treatment 

The purpose of  t h e s e  f a c i l i t i e s  i s  t o  decontaminate gaseous 
e f f l u e n t s  such t h a t  they meet s t a t e  and f e d e r a l  r e g u l a t i o n s .  

The f lowsheet  (FS-6) i s  shown i n  F igu re  4.6.  The material 
ba lance  (MB-6) i s  shown i n  Table 4 .6 .  Material ba lance  bases  are  
as fo l lows:  , 

4.4.1.5.1 Spray Dryer/Melter Off-Gas 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

8 

e 

e 

e 

Temperature- of  vapor l eav ing  spray  d rye r  f i l t e r s  - 350°C. 
The e j e c t o r l v e n t u r i  scrubber  l i q u i d  cooled t o  40°C vapor 
t emper a t  u r  e. 

Off-gas tempera ture  reduced t o  50°C i n  e j e c t o r l v e n t u r i .  

Water and mercury vapor concen t r a t ions  i n  t h e  vapor e f f l u e n t  
f r o m  the off-gas condensate tank and the secondary deep bed 
f i l t e r  a r e  t h e  s a t u r a t i o n  concen t r a t ions  a t  t h e  vapor 
temper a t  u r  e. 

Mercury i s  sepa ra t ed  as 100% mercury l i q u i d .  

HF i s  t o t a l l y  s o l u b l e  i n  t h e  off-gas  condensate .  

HgI2 vapor and t h e  v o l a t i l e  s p e c i e s  of  cesium, technet ium, 
selenium, t e l l u r i u m ,  rubidium, and molybdenum condense and 
coa le sce  i n  t h e  e j e c t o r l v e n t u r i  t o  form submicron p a r t i c u -  
l a t e s  with a nominal diameter  of  0.3 urn. 

Washed deep bed f i l t e r  lower spray  - 2 gpm; upper spray  - 40 
gpm- 

Atomizing a i r  t o  deep bed f i l t e r  lower s p r a y  nozz le  - 5 scfrn/gpm. 

Secondary deep bed scrubber  l i q u i d  cooled t o  a tempera ture  such 
t h a t  t h e  vapor tempera ture  i s  reduced t o  10°C. 

Temperature of vapor feed t o  Fb adsorber  - 10°C above i t s  dew 
p o i n t .  

Temperature of  vapor feed t o  I2 guard bed - 150°C. 

Temperature of vapor feed t o  exhaus te r  -,5O"C. 

Assumed DF's a r e  as fo l lows:  
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S o l i d s  
Vapors ( p a r t i c u l a t e s  1 

Spray Dryer F i l t e r s  1 103 

E / V  Scrubber 1 2.5 

Deep Bed F i l t e r  ( each )  20 on Ru 50 
1 on o t h e r s  

Ru Adsorber (each)  100 on Ru 2 
1 on o t h e r s  

I 2  Guard Bed 100 on I 2  2 
1 on o t h e r s  

4.4.1.5.2 P rocess  Vessel Vent Systems 

0 Purge Rate  - 50 scfm ( i n l e t > / v e s s e l  

0 I n l e t  Condi t ions  - 35'C DB, 25.6"C WB 

O u t l e t  Condi t ions  - 35°C DB, 29.4'C WB 
- 

Process  Vesse l  Vent F i l t e r  DF - P a r t i c u l a t e s  - lo3  
V o l a t i l e s  - 1 

0 HEPA F i l t e r  DF - P a r t i c u l a t e s  - l o 3  
V o l a t i l e s  - 1 

0 P r e h e a t e r  Capac i ty  - r a i s e  tempera ture  1O'C above dew p o i n t .  

4 .4 .1 .5 .3  Canvon A i r  

DB - 35°C 
WB - 25.6'C 

0 Flow - 356,400 acfm 

4 .4 .1 .6  Mercury Recovery 

Approximately 1 . 2  l b  of  m e t a l l i c  mercury w i l l  be condensed 
each hour from t h e  off-gas vapor stream and accumulate i n  t h e  
off-gas condensate t ank .  
s ludge  and w i l l  r e q u i r e  f u r t h e r  c l e a n i n g  b e f o r e  i t  i s  of a p u r i t y  

f lowshee t  (FS-6A) i s  shown i n  F igure  4.6A. 

The mercury w i l l  most l i k e l y  be as a 

. s u i t a b l e  f o r  r e u s e  i n  t h e  s e p a r a t i o n s  process  and/or s t o r a g e .  The . I  
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t 
The mercury t h a t  accumulates w i l l  be i n t e r m i t t e n t l y  pumped 

a mercury r e c  i p t  t ank  and subsequent ly  pumped through a back- 
washable f i l t e r  t o  remove t h e  m a j o r i t y  of s o l i d s  occluded t o  t h e  
mercury. P e r i o d i c a l l y ,  t h e  f i l t e r  cake w i l l  be d is lodged  from t h e  
f i l t e r  and pumped t o  t h e  off-gas condensa te  tank  fo r  r e c y c l e  i n t o  
t h e  p rocess .  

The f i l t e r e d  mercury, on a ba t ch  b a s i s ,  w i l l  be pumped t o  
t h e  t o p  of  a column c o n t a i n i n g  10% "03. 
f a l l  by g r a v i t y  through t h e  a c i d  and overflow a barometr ic  l e g  t o  
an  o x i d i z i n g  t ank .  P a r t i c u l a t e s ,  no t  removed by t h e  i n i t i a l  f i l -  
t r a t i o n  s t e p ,  t h a t  are  s o l u b l e  w i l l  be removed from t h e  mercury. 
P e r i o d i c a l l y ,  t h e  n i t r i c  a c i d  w i l l  be  pumped t o  t h e  backwash hold 
tank  and r ep laced  wi th  f r e s h  a c i d .  

The formed d r o p l e t s  w i l l  

To remove contaminants such a s  i r o n  and aluminum, t h e  ac id-  
washed mercury w i l l  be a i r  sparged a t  room tempera ture  t o  o x i d i z e  
t h e  contaminants .  A f t e r  spa rg ing  i s  complete, t h e  mercury i s  
f i l t e r e d  through another  backwashable f i l t e r  t o  remove t h e  formed 
ox ides .  F i n a l  c leanup o f  t h e  mercury i s  achieved by vacuum, 
d i s t i l l i n g  t h e  mercury and b o t t l i n g  t h e  condensed overheads.  

4.4.1.7 Recycle Evapora t ion  

The purpose o f  t h i s  o p e r a t i o n  is' t o  ( 1 )  remove excess  water 
from d i l u t e  r e c y c l e  streams t o  ma in ta in  t h e  sa l t  c o n c e n t r a t i o n  i n  
t h e  g r a v i t y  s e t t l e r  feed a t  30 w t  X ,  ( 2 )  t o  r educe  supe rna te  
p rocess ing  equipment s i z e ,  and ( 3 )  provide  t h e  f i r s t  s t a g e  o f  
decontamination f o r  p rocess  water. The flowsheet (FS-7) i s  shown 
i n  F igu re  4 .7 .  The material  ba l ance  (MB-7) i s  t a b u l a t e d  i n  
Table  4 . 7 .  M a t e r i a l  ba l ance  bases  are: 

Recycle c o n c e n t r a t o r  bottoms a r e  concen t r a t ed  ( t o  about 35 w t  X 
s a l t )  so  t h a t  t h e  g r a v i t y  sett ler feed c o n t a i n s  30 w t  X s a l t  
supe rna t  e. 

Recycle evapora tor  condensa te  i s  s e n t  t o  t h e  g e n e r a l  purpose 
evapora tor  f o r  another  s t a g e  of evapora t ion .  

HF i n  of f -gas  condensa te  reacts wi th  excess  NaOH i n  t h e  r e c y c l e  
evapora tor  feed tank  t o  form s o l u b l e  NaF. 

The r a t i o  of t h e  c o n c e n t r a t i o n  of  s a l t  i n  t h e  c o n c e n t r a t e  t o  
t h e  c o n c e n t r a t i o n  of s a l t  i n  t h e  condensa te  i s  lo6 .  
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e A f r a c t i o n  of t h e  Hg12 c o l l e c t e d  i n  E / V  and deep bed f i l t e r  
sc rubber  l i q u i d  r e a c t s  i n  t h e  Recycle Evaporator Feed Tank a s  
f 0 1 lows : 

4.4.1.8 S e t t l i n g  and F i l t r a t i o n  

The purpose of t h i s  ope ra t ion  i s  t o  c l a r i f y  t h e  supe rna te  
feed t o  ion  exchange. The flowsheet (FS-8) is shown i n  F igure  4.8. 
The m a t e r i a l  ba lance  (MB-8) i s  t abu la t ed  by Table 4.8.  M a t e r i a l  
ba lance  bases  a r e :  

e Feed c o n c e n t r a t i o n  - 30 w t  % s a l t .  Feed temperature - 40°C. 

0 99% of t h e  s o l i d s  fed t o  the  g r a v i t y  se t t ler  (GS) a r e  recovered 
f o r  r e c y c l e  t o  s ludge  washing. 93 v o l  % of t h e  GS feed  is s e n t  
t o  sand f i l t r a t i o n  and 7 v o l  % i s  r ecyc led  t o  s ludge  washing 
v i a  t h e  aluminum d i s s o l v e r .  

0 0.0005 g a l  of 8 w t  % s t a r c h  d i s p e r s i o d g a l  GS feed .  S t a rch  
fo l lows  t h e  i n s o l u b l e  f r a c t i o n .  

e Decanted supe rna te  i s  cooled t o  25°C b e f o r e  f eed ing  t o  sand 
f i l t e r s .  

a Sand f i l t e r  No. 1 removes 90% of i t s  feed s o l i d s .  Sand f i l t e r  
feed  c o n s i s t s  of 1.15 gpm/ft2 supe rna te  and 0.05 gpm/ft2 
p o l y e l e c t r o l y t e  s o l u t i o n  (1N NaOH and t r a c e  p o l y e l e c t r o l y t e ) .  

Sand f i l t e r  No. 2 removes 80% of i t s  feed s o l i d s .  This  u n i t ' s  
feed  a l s o  c o n s i s t s  of 1.15 gpm/ft2 of f i l t r a t e  and 0.05 gpm/ft2 
of polyelectrolyte s o l u t i o n .  

e Each f i l t e r  i s  backwashed with c l a r i f i e d  supe rna te  at  a ra te  of 
15 gpm/ft2 f o r  5 min each day. 

Used sand and coa l  are recyc led  v i a  t h e  aluminum d i s s o l v e r .  
Beds a r e  assumed t o  be dumped every t h r e e  months. Beds a r e  
f l u i d i z e d  with 15 gpm/ft2 of 1 N  NaOH f o r  10 min and a r e  j e t t e d  
o u t .  

0 For purposes of p repa r ing  a material ba lance ,  t he  fo l lowing  
f i l t e r  bed d e t a i l s  a r e  assumed. 

Bed 
Dens i ty ,  No. 1 F i l t e r  No. 2 F i l t e r  Diameter, 
l b / f t 3  Height ,  i n .  Height ,  i n ,  f t  

Coal 85 8 

Sand 100 24 
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4.4.1.9 Cesium Ion Exchange 

The purpose of this operation is to remove cesium and pluto- 
niut! from clarified supernate. There are two ion exchange columns, 
in series, each containing 1525 gallons (50% voidage) of Duolitee 
(Diamond Shamrock) ARC-359 resin. Each colwm will have at least 
75% freeboard above the resin for expansion during backwashing. 
The flowsheet (FS-9) is shown in Figure 4.9. The material balance 
is tabulated in Table 4.9. Material balance bases are: 

0 Assumed resin stoichiometry is: 

lb moles 
Na+/ ga 1 
of Resin 

Load : 

1s t Rinse : 

Elution: 

RNa + Cs+ RCs + Na+ - 
NaoH(bound) __f NaoH(aq) 0.002 

NaoH(bound) NaoH(aq) 0.008 

RNa + NH4OH- RNH4 + NaOH 

RCs + NH4OH __f R"4 + CsOH 

RNH4 + NaOH-----tEWa + NH4OH 

0.01 
- 

Regeneration: NaOH(aq)- NaOH(bound) 0.01 

0.01 

Note that bound sodium is different from sodium in the intersti- 
tial liquid. Displacement of interstitial liquids is assumed 
to be by plug flow. 

Cesium and plutonium decontamination factors assumed for pre- 
paring the material balance are lo4 and 165, respectively. 

Resin capacity - 20 gal liquid feed/gal resin. 
0 The steps for a complete cycle are: 

Time , 
hr CV/hr* - CV Direction Stream 

Load 12 1.67 20 Down Supernat e 

1st Rinse 3 1.67 5 Down Water 

Elution 8.33 1.2 10 up 2M NH4OH, 

2nd Rinse 2.5 1.2 3 UP Water 

Regenerat ion 4.17 1.2 5 UP 2M NaOH 

2M(m4) $03 

Standby 1 
7 

Tot a1 31 

* CV = column volume. - 4.10 - 



o Resin i s  r ep laced  annua l ly .  

e M a t e r i a l  ba l ance  ra tes  a r e  average  r a t e s  based on t h e  31-hour 
c y c l e .  

Maximum tempera ture  of feed streams t o  columns - 30°C. e 

4.4.1.10 S t ront ium Ion Exchange 

The purpose of t h i s  o p e r a t i o n  i s  t o  remove s t ron t ium from 
c l a r i f i e d  supe rna te .  
g a l l o n s  (wi th  50% voidage) of  AmberliteB ( R o b  and Haas) IRC-718 
r e s i n .  This  column i s  provided with a f reeboard  a l lowing  a t  least  
a 75% expansion of  t h e  r e s i n .  The flowsheet (FS-10) i s  shown i n  
F igure  4.10. The material ba l ance  (MB-10) i s  t a b u l a t e d  i n  Table  
4.10. M a t e r i a l  ba l ance  bases  are: 

The Sr i o n  exchange column c o n t a i n s  762 

e E l u t i o n  and r e g e n e r a t i o n  t a k e  p l ace  s imul taneous ly .  S impl i f i ed  
r e s i n  exchange r e a c t i o n s  are,  

Load : - R2Na2 + 
2Na+ 

E l u t i o n /  Regener a t  i on  : 

The decontamination f a c t o r  f o r  bo th  s o l u b l e  and i n s o l u b l e  s t r o n -  
t i u m  i s  103. 

Resin capacity: 40 gal  l iquid  feed/gal  r e s i n .  

The s t eps  for a complete c y c l e  are: 

T i m e ,  
h r  CV/hr* CV D i r e c t i o n  Stream - _ _  - 

C s  Column E f f l u e n t  

Superna te  1 2  3.33 40 Down Supernat e 
1 st  Rinse 3 3.33 10 Down Water 

1st  Rinse 0.45 3.33 1 .5  Down Water 
E l u t i o n /  Regeneration 6 1 6 UP 0.01M Alk. EDTA 

2nd Rinse 3 1 3 UP Water 

0 .  O O l M  NaOH 

S t  andby 

T o t a l  

6.55 - 
31 

- 4.11 - * CV = column volume. 



0 The maximum temperature of feed streams to the column - 30°C. 
0 The eluate/regenerate effluent goes to the strontium concentra- 

tor. The strontium concentrator produces a 1.OM alkaline EDTA 
concentrat e. 

e Resin is replaced annually. 

0 The ratio of the concentration of salt in concentrate to the 
concentration of salt in condensate is lo6. 

4.4.1.11 Cesium Elutriant Recovery and Ces.ium Concentration 

The purpose of these facilities is to remove ammonia and 
carbon dioxide from the eluate and to concentrate the cesium 
eluate to a 2.OM Na2C03 + Cs2CO3 solution. The flowsheet (FS-11) 
is shown in Figure 4.11. The material balance (MB-11) is tabu- 
lated in Table 4.11. Material balance bases are: 

0 NH40H and (NH4)2C03 are decomposed and the NaOH/CsOH in the 
eluate is converted to Na2C03/Cs2C03 in the steam stripper. 

0 Cooled (38°C) concentrate is 2M (Na2C03 + Cs2C03). Purge 
condensate is sent to the recycle evaporator. 

0 Stripper condensate is at 6M "3. 

All the "3 in the spent regenerant along with some water 
(0.2 lb H20/1b of "3) is evolved to the cesium vent scrubber. 
Other vent scrubber feeds are based on: 

Tank vents 1 2 

Stripper vent 1 7 
Vent Scrubber Off-gas 0.1 Net of (NH4)2C03 

a. As percent of feed. 

e The vent scrubber bottoms contain 2M (NH4)2C03 and is 
recycled to the Cs concentration feed. 

e Make-up C02 is introduced into the cesium elutriant makeup 
tank as a gas and ammonia as an 8M NH4OH solution. 

DF for entrainment across the stripping section - lo6. 0 

0 The ratio of the concentration of salt in concentrate to the 
concentration of salt in purge condenser condensate is >lo4. 

a 99.95% of the "3 entering in the feed to the cesium concen- 

- 
trator is stripped as overhead products. 
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e 0.05% of the NH3 e n t e r i n g  i n  t h e  feed t o  the  cesium 
concent ra tor  i s  removed with the  purge condensate.  The purge 
condenser w i l l  be run hot t o  ensure t h a t  "3 f l a s h e s  t o  the 
vent  scrubber .  

e S t r i p p e r  i s  assumed t o  opera te  a t  100% e f f i c i e n c y .  

4.4.1.12 Cesium Fixa t ion  on Z e o l i t e  

The purpose of these f a c i l i t i e s  i s  t o  remove the  Na2C03 from 
t h e  f e e d  t o  spray drying and mel t ing  by f i x a t i o n  of Cs and Pu on 
z e o l i t e  (Lindea AW-500 o r  Ions iv  IE-95). The flowsheet (FS-12) i s  
shown i n  Figure 4.12. The material balance (In-12) is  tabula ted  
on Table 4.12. Mater ia l  balance bases are: 

There i s  one z e o l i t e  bed which i s  changed out  every 60 days.  
Other column s i z e  v a r i a b l e s  are z e o l i t e  bulk d e n s i t y  (45.4 
l b / f t 3 )  and design loading (50 g a l l o n s  of C s  concent ra te  t o  
one g a l l o n  of z e o l i t e ) .  
a 1494-gallon z e o l i t e  bed (11 f t  high) .  Column l i q u i d  holdup 
(1969 g a l l o n s )  is made up of f reeboard and 50% bed voidage. 

The column i s  20 f t  high and conta ins  

Column opera t ion  c o n s i s t s  of accumulating concent ra te  f o r  t h r e e  
days and processing downflow at 1.5 gpm/ft2. 
f lushed  (downflow a t  1.5 gpm/ft2) wi th  2 bed volumes of water 
(2988 g a l l o n s )  of which 2648 ga l lons  are r e t a i n e d  and c i r c u -  
l a t e d  f o r  cooling purposes. The e f f l u e n t  from the column 
deple ted  i n  cesium by a f a c t o r  averaging a t  l eas t  100, i s  
recycled t o  the  sand f i l t e r  feed tank. 

The column is 

Loaded beds a r e  removed i n  a water  s l u r r y  with a t o t a l  volume 
6 times the bed volume. Four bed volumes of water are decanted 
and sen t  t o  recyc le  evaporat ion.  The remaining 2-bedvolume 
z e o l i t e - w a t e r  s l u r r y  i s  sent  t o  spray dryinglmelt ing.  

Fresh z e o l i t e  i s  introduced from cold feed i n  a 4-bed-volume 
s l u r r y .  
evaporat ion.  

Water i n  excess of 2648 g a l l o n s  is sent t o  r e c y c l e  

Between loading cyc le s ,  water i s  c i r c u l a t e d  through t h e  bed t o  
maintain the  z e o l i t e  at  50'C o r  less. 

4.4.1.13 General-Purpose Evaporation 

The purpose of t h i s  opera t ion  is t o  provide a f i n a l  s t a g e  
of  evaporat ion (decontamination) on miscel laneous evaporator  
condensate p r i o r  t o  purging t o  the  environment. The flowsheet 
(FS-13) i s  shown i n  Figure 4.13. The m a t e r i a l  balance (MB-13) 
i s  tabula ted  i n  Table 4.13. Mater ia l  balance base i s :  

0 The weight r a t i o  of cooled bottoms t o  feed i s  1 t o  10. 

e The r a t i o  of t he  concent ra t ion  of salt  i n  the concent ra te  t o  
t h e  concent ra t ion  of sa l t  i n  the  condensate i s  lo6 .  
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4.4.1.14 Solidification of Product Salt Solution in Concrete 

The purpose of these facilities is to solidify clarified 
supernate from i on  exchange in concrete and bury the concrete 
in s o i l  trenches. The flowsheet (FS-14) is shown in Figure 4.14. 
The material balance (MB-14) is tabulated in Table 4.14. Bases 
for developing the material balance are as follows: 

Descaling flow - 20% of evaporator vapor rate. 
Evaporator concentrate - 35 wt X salt. 

Rework return and flush constant at 240 lb/hr water and 40 
lb/hr concrete. 

Concrete plant water flush constant at 14.8 lb/hr. 

Saltcrete composition - 29.2 wt % H20, 15.0 wt % salt, 
55.8 wt % cement. 

Source of flush water is the Product Salt Evaporator condensate. 
The balance sent to the Recycle Water Tank. 

4.4.1.15 Mechanical Cell A 

Following sealing and leak checking of the canister, the can- 
ister undergoes the first of two, two-step surface decontamination 
processes (the second is carried out in Mechanical Cell B). The 
canister is initially etched in a 3.5M "03 - 0.4M NaF solution. 
Following rinsing, the canister is cleaned in an oxalic acid solu- 
tion (100 g C2H204/L). These solutions are initially used in 
Mechanical Cell B. Spent oxalic acid is digested prior to blend- 
ing with the spent etching solution. The flowsheet (FS-15) is 
shown in Figure 4.15. The material balance is tabulated in 
Table 4.15. Bases used to develop the material balance are as 
f 0 11 ow s : 

8 Decontamination solutions are introduced as cold feeds in 
Mechanical Cell B and reused in Mechanical Cell A. 

e Etching agent - 3.5M "03 - 0.4M NaF at 350 gal/canister. 
e Cleaning agent - 100 g/L C2H2O4 at 350 gal/canister. 
e Rinsing agent - H20 at 100 gallcanister. 
e Etch cycle - 1 hour. 
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0 Clcaning cycle - 1 hour. 
0 Etching rate - 0.3 mil SS/hour (assumed to be Fe). 

Fe(s) + 4HN03 + Fe(No3>3(~s) + NO(,) + 2H20 

0 Canister surface area - 69 ft2. 
0 Etching solutions maintained at <50°C. 

0 Spent cleaning solution is digested in 1.OM HNO3 - 0.01M Mn(NO312 
at 1.95"C for 2 hours. Digestion reaction: 

x = 95% 

e Spent etching solution is blended with the digested cleaning 
solution and neutralized with 10% excess 50% NaOH. The follow- 
ing reactions are assumed for material balance purposes. 

C2H2O4 + 2NaOH +Na C 0 + 2H20 
4(DS) 

HN03 + NaOH + NaN03 + H20 
(DS) 

Mn(NO3I2 + 2NaOH + 1/4 02+ MIIO-OH(~) + 1/2 H20 + 2NaN03 
(DS 

Fe(NO3l3 + 3NaOH + Fe(OH) + 3NaN03 
3(s> (DS 

0 98% of the fluoride upon neutralization forms the soluble salt 
of sodium and upon recycle to the Recycle Evaporator Feed Tank 
remains soluble, ultimately being carried through ion exchange. 
The remaining fluoride is associated with the insoluble frac- 
tion of the neuttalized-spent decontamination solutions and 
ultimately will be part-of the feed to the spray dryer. 

. I  

4.4.1.16 .Mechanical Cell B 

The function of this facility is to carry out the second of 
the two-step canister decontamination processes (See Section 
4.4.1.15). 
cleaning solution (100 g/L C2H204) >are introduced into this cell as 
cold feeds. The canister surface is to be decontaminated to <220 
d/min/dm2 alpha and <2200 d/min/dm2 beta-gamma before transfer 
to Mechanical Cell C. %The flowsheet (FS-16) is shown in Figure 
4.16. The material balance (MB-16) is tabulated in Table 4.16. 
Bases used to develop the material balance are as follows: 

The etching solution (3.5M HNO3 - 0.4M NaF) and the 
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e Etch cycle - 1 hour. 
0 Cleaning cycle - 1 hour. 
o Etching rate - 0.3 mil SS/hr (assumed to be Fe). 

Etching agent - 3.5M HI403 - 0.’4M NaF at 350 gallcanister. 

Cleaning agent - 100 g/L C2H2O4 at 350 gallcanister. 
Rinsing agent - H20 at 100 gallcanister. 

+ 4HN03 + Fe(N0 + NO(v) + 2H20 
Fe(S> 3(DS) 

e Canister surface area - 69 ft2. 

e Etching solution maintained <50’C. 

4.4.1.17 .Mechanical Cell C 

The function of this facility is to (1) perform a contamina- 
tion survey of the exterior surface of the canister, (2) make 
temperature and radiation profile on the canister, and ( 3 )  perform 
spot electropolishing if the contamination survey dictates. The 
flowsheet (FS-17) is shown in Figure 4.17 and the material balance 
(MB-17) is tabulated in Table 4.17. 

4.4.2 Radionuclide Constituents (J. R. Chandler) 

4.4.2.1 General 

A model has been written and placed on SRL’s IBM-360 computer 
which calculates the concentration (and corresponding heat genera- 
tion rates) in every process stream for >160 specific radionuclides. 
Isotopic content of the two reference feed streams, glass product, 
saltctete product, and gaseous/aqueous effluents are tabulated in 
Tables 2.3-2.10, 3.3-3.4, 3.15-3.16, and 8.2-8.10, respectively. 
The concentration of a specific radionuclide in any process stream 
may be obtained from the microfiches in Appendix 13.7. 

- 
4.4.2.2 Feed Stream Composition 

The radionuclide composition of the two reference feed streams 
to the DWPF (see Tables 2.3-2.10) were caiculated from the 200 Area 
waste blend (see Section 7 ) .  This waste blend is computed from a 
knowledge of reactor operating parameters, 200 Area processing 
rates and waste generating factors (Section 7 ) .  Using the radio- 
nuclide composition of the waste blend, the radionuclide inventory 
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i s  d i s t r i b u t e d  between t h e  supe rna te  and s ludge - s lu r ry  feed streams 
based on t h e  i n s o l u b l e  f r a c t i o n  of each stream and t h e  d i s t r i b u -  
t i o n  of  each r a d i o n u c l i d e  between t h e  supe rna te  f r a c t i o n  of  t h e  
r e f e r e n c e  waste blend and t h e  in-tank se t t led  in - so lub le  f r a c t i o n .  
The r e s u l t i n g  percent  d i s t r i b u t i o n  of  t h e s e  r a d i o n u c l i d e s  between 
t h e  r e f e r e n c e  feed streams, a s  w e l l  a s  between t h e  s o l u b l e  and 
i n s o l u b l e  f r a c t i o n s  of  each stream, a r e  t a b u l a t e d  i n  Table  4.18. 

4.4.2.3 Cur ie  Balance Bases 

4.4.2.3.1 Aaueous Process  S t r eams  

0 Solub le  f r a c t i o n  of each i s o t o p e  ( exc lus ive  of  t r i t i u m )  fo l lows  
t h e  s a l t .  

e I n s o l u b l e  f r a c t i o n  o f  each i s o t o p e  fo l lows  t h e  i n s o l u b l e  s o l i d s .  

e T r i t i u m  fo l lows  t h e  water throughout t h e  process .  

Behavior o f  i s o t o p e s  du r ing  v i t r i f i c a t i o n  and of f -gas  tre.atment 
i s  d e t a i l e d  i n  Sec t ion  4.5.6.3. 

e Eigh t  ( 8 )  percen t  of t h e  i o d i n e  r ecyc led  from t h e  off-gas con- 
d e n s a t e  t ank  as unsoluble  HgI2 i s  converted t o  s o l u b l e  NaI. 

The r a d i o n u c l i d e s  a s s o c i a t e d  with t h e  i n s o l u b l e  f r a c t i o n  i n  t h e  
s ludge - s lu r ry  feed stream remain with t h e  s o l i d  f r a c t i o n  a c r o s s  
aluminum d i s s o l v i n g .  

4 .4 .2 .3 .2  Gaseous Process  Streams 

Ca lc ine r  Off-Gas Treatment 

See S e c t i o n  4 . 5 . 6 . 3 .  

Process  Vessel Vapor Space Purge 

I n l e t  Flow - 50 scfm (d ry  a i r )  a t  95'F d r y  bulb  and 78°F w e t  bu lb  

O u t l e t  Flow - 95°F d ry  bu lb ,  85'F w e t  bu lb  

Entrainment - g a l / f t 3  

Canyon A i r  

Flow - 356,400 acfm (dry bulb  - 95"F, w e t  bulb - 78'F) 

Radionuclide Content - 2.25 t i m e s  t h a t  c a l c u l a t e d  i n  t h e  f i l t e r e d  
Process  Vessel Vent Sys tem.  This  i s  based on measured con t r ibu -  
t i o n  of  t h e  f i l t e r e d  process  v e s s e l  vent  system and canyon air 
( u n f i l t e r e d )  system non-vo la t i l e  b e t a  r a d i o a c t i v i t y  i n  t h e  221-F 
and -H Area f a c i l i t i e s  over t h e  per iod  o f  1/78 through 12/79. 
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4.5 Process  Details 

4 . 5 . 1  Sludge and Superna te  Feed P r e p a r a t i o n  

4 .5 .1 .1  Geueral  

The purpose of t h e s e  o p e r a t i o n s  i s  t o  p repa re  two f eed  
streams - a supe rna te  stream and a sludge-water s l u r r y  stream 
f o r  t r a n s f e r  t o  t h e  DWPF. The gene ra l i zed  f lowshee t ,  material 
ba lance ,  and c a l c u l a t i o n a l  bases w e r e  desc r ibed  i n  Sec t ion  4.4.1.1 
and Appendix 13.2. The technical bases  upon which waste removal 
equipment and b lending  procedures  w e r e  developed are o u t s i d e  t h e  
scope of  t h i s  document and w i l l  b e  p re sen ted  i n  a s e p a r a t e  b a s i c  
d a t a  r e p o r t ,  

4.5.2 Aluminum D i s s o l u t i o n  (C. T. Randal l )  

4 .5 .2 .1  General 

The purpose  of t h i s  s e c t i o n  i s  t o  p r e s e n t  t h e  p rocess '  
de ta i l s  and t e c h n i c a l  data bases f o r  reducing  t h e  aluminum con ten t  
of t h e  s ludge .  Advantages of t h i s  p rocess  s t e p  are: 

0 The amount of g l a s s  r e q u i r e d  t o  c o n t a i n  SRP waste is  reduced 

0 Glass m e l t  v i s c o s i t i e s  are reduced f o r  improved g l a s s  q u a l i t y .  
0 Requirements f o r  b lending  high-aluminum s ludges  w i t h  o t h e r  

by 20%. 

s ludges  are re l axed .  

4.5.2.2 Process  D e s c r i p t i o n  

Batches of 1:1 s ludge  s l u r r y  are a d j u s t e d  t o  an  0H-/Al3+ molar 
r a t i o *  of 16 and an i n i t i a l  NaOH c o n c e n t r a t i o n  of 5M. The s l u r r y  i s  
b o i l e d  a t  t o t a l  r e f l u x  f o r  a m i n i m u m  of 30 minutes .  The aluminum- 
r i c h  l i q u i d  phase and t h e  aluminum d e p l e t e d  s o l i d  phase are 
subsequent ly  t r a n s f e r r e d  t o  t h e  s ludge  washing module (FS-4) 
where s o l i d  phase s e p a r a t i o n  and washing i s  performed. 
s h e e t  (FS-3) i s  shown i n  F i g u r e  4.3 and t h e  material balance 
(MB-3) i n  Table  4.3. 

A flow- 

4.5.2.3 Technica l  Data 

This  s e c t i o n  summarizes exper ience  and technology i n  
d i s s o l v i n g  aluminum from SRP s ludges .  
concluded t h a t  b o i l i n g  5M NaOH removed >75% of t h e  aluminum 

* Moles of NaOH added p e r  mole of undisso lved  aluminum. 

I n i t i a l  i n v e s t i g a t i o n  

n 
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i n  washed, d r i e d  s ludge  from Tank 16.  Subsequent s t u d i e s  t h a t  
used as - rece ived  (raw) s ludge  from Tanks 11, 15, and 21 showed 
t h a t  70-78% of t h e  s o l i d  phase aluminum i s  removed from t h e  high- 
alumina s ludges  from Tanks 11 and 15, and 45-50% from t h e  low- 
alumin2 s ludge  from Tank 21. 

The two c r y s t a l l i n e  forms of hydrated aluminum l i k e l y  t o  
b e  found i n  SRP s ludges  are t h e  t r i h y d r a t e ,  g i b b s i t e  ( A l ( O H ) 3 )  , 
and t h e  monohydrate, boehmite (AlOOH).  F r e s h l y  p r e c i p i t a t e d  
aluminum i n  SRP s ludges  i s  a n  amorphous material t h a t  c r y s t a l l i z e s  
t o  g i b b s i t e .  D i s s o l u t i o n  of t h e  amorphous o r  g i b b s i t e  form i s  
r a p i d .  The aluminum i n d u s t r y  t y p i c a l l y  o b t a i n s  99% s o l u b i l i t y  
of g i b b s i t e  i n  20-30 minutes  using’Q3M c a u s t i c  a t  1 5 O o C .  

I n  c a u s t i c  mix tu res ,  g i b b s i t e  beg ins  conve r t ing  t o  boehmite 
a t  s i g n i f i c a n t  rates a t  about  14OoC, a tempera ture  that  has  
probably been reached i n  several SRP s ludges .  Boehmite i s  h a r d e r  
t o  d i s s o l v e  than  g i b b s i t e  - d i s s o l u t i o n  tempera tures  around 23OoC 
are used i n d u s t r i a l l y .  S o l u b i l i t i e s  of g i b b s i t e  and boehmite 
i n  c a u s t i c  s o l u t i o n s  are shown i n  F igu res  4.18 and 4.19 [3]. 

Also p l o t t e d  i n  F igu re  4.18 are t h e  composi t ions of s i x  
aluminum-bearing supe rna te  s o l u t i o n s  t h a t  have been s t a b l e  a t  
20°C f o r  over  2 months. 
w e r e  sp iked  w i t h  Al(NO3)3, seeded w i t h  Al(OH)3 c r y s t a l s ,  and 
observed over  a p e r i o d  of 2 months. 
occur red .  
C032’, SO4*-)  i n c r e a s e  t h e  s o l u b i l i t y  of aluminum i n  c a u s t i c  
s o l u t i o n  and, i n  a d d i t i o n ,  d r a m a t i c a l l y  reduce the e f f e c t  of 
tempera ture  on s o l u b i l i t y .  This  conclus ion  i s  suppor ted  by t h e  
d a t a  of Barney. 

S y n t h e t i c  g r a v i t y  settler feed  s o l u t i o n s  

No p r e c i p i t a t i o n  of  g i b b s i t e  
Apparent ly ,  o t h e r  i o n s  i n  s o l u t i o n  (Na+, NOg-, N02-, 

SRL exper ience  d i s s o l v i n g  aluminum i n  a c t u a l  SRP w a s t e  
s ludges  i s  summarized i n  Table  4.19. These r e s u l t s  show t h a t  
a large f r a c t i o n  of t h e  aluminum i n  SFS sludges can be removed 
by b o i l i n g  NaOH s o l u t i o n  i n  30 minutes  t o  1 hour.  

For d i s s o l u t i o n  i n  5 M  NaOH t h e  f i n a l  A l / O H  molar r a t i o  i n  
t h e  supe rna te  w a s  t y p i c a l l y  0.04 (OH/Al r a t i o  = 25).  
w e l l  below t h e  s o l u b i l i t y  l i n e  a t  T=lOO°C i n  F igu re  4.18 and also 
below t h e  T=lOO°C l i n e  i n  F igure  4.19. 
p o s s i b l e  t o  dec rease  t h e  i n i t i a l  OH/Al  r a t i o  s i g n i f i c a n t l y  and 
s t i l l  a l low good aluminum removal. 

This  i s  

Therefore ,  i t  may be 

Table  4.20 shows how A l  d i s s o l u t i o n  changes t h e  composi t ion 
of Tank 15 s ludge .  The pe rcen t  of each metal i o n  i n  t h e  s ludge  
a f t e r  Al d i s s o l u t i o n  i s  s t i l l  w e l l  w i t h i n  t h e  o v e r a l l  v a r i a t i o n  
of SRP s ludges .  Aluminum removal w i l l  t h e r e f o r e  n o t  create 
any new problems a s s o c i a t e d  w i t h  s ludge  composi t ion.  Tank 15 
s ludge ,  b e f o r e  Al removal,  has  a r e l a t i v e l y  h igh  Al/Fe r a t i o ,  
bu t  i s  o the rwise  t y p i c a l  of most SRP s ludges .  
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For convenience of o p e r a t i o n  t h e  l a b o r a t o r y  tests used 5 g 
of dry  s ludge  ( o r  5 mL of as - rece ived  s ludge)  and 100 mL of 
c a u s t i c ,  a l though d a t a  i n  F igu res  4.18 and 4.19 show t h a t  lower 
c a u s t i c  concen t r a t ions  should be accep tab le .  Because they  have 
been demonstrated t o  g ive  good aluminum d i s s o l u t i o n ,  r e a c t i o n  
cond i t ions  chosen f o r  p re l imina ry  p rocess  des ign  are those  t h a t  
y i e lded  76% d i s s o l u t i o n  of Tank 1 6  s ludge  (see Table 4 .19):  

OH/Al molar r a t i o  = 1 6  t o  1 

[OH-] = 5 M  
Temperature = b o i l i n g  (Q105°C) 

T ime  = 30 minutes  t o  an hour  

No major i n c o m p a t i b i l i t i e s  w i t h  o t h e r  p a r t s  .of t h e  s o l i d i f i c a t i o n  
p rocess  have been i d e n t i f i e d  as r e s u l t i n g  from t h e  a d d i t i o n a l  NaOH. 

Bo i l ing  c a u s t i c  should  b e  used f o r  b e s t  aluminum recovery.  
Higher tempera tures  would ensu re  removing e s s e n t i a l l y  a l l  aluminum 
from SRP s ludge .  
d i s s o l u t i o n  rate and i n c r e a s e  t h e  chance t h a t  aluminum i n  t h e  
boehmite form would n o t  be adequate ly  removed. Residence t i m e s  
of 30 minutes  t o  1 hour  i n  b o i l i n g  c a u s t i c  should b e  used. 

Lower tempera tures  would g r e a t l y  slow t h e  

Sludge bottoms from t h e  g r a v i t y  settlers and s p e n t  f i l t e r  
media (sand and c o a l )  from t h e  sand f i l t e r s  are blended w i t h  
t h e  d i s s o l v e r  bottoms ( a f t e r  aluminum d i s s o l u t i o n  i s  completed).  
The volumes of s ludge  r e c y c l e  and spen t  f i l t e r  media added are 
c o n t r o l l e d  t o  ma in ta in  a r e l a t i v e l y  uniform p rocess  f eed  composi- 
t i o n  f o r  s ludge  washing. 
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4 . 5 . 3  Sludge Washing (D. W. Jones)  

4 .5 .3 .1  General 

The o b j e c t i v e  of t h e  sludge washing s t e p  i s  t o  remove most 
of t h e  s o l u b l e  sa l t  from the  s ludge  waste p r i o r  t o  v i t r i f i c a t i o n .  
This i s  necessary  i n  order  t o  meet s u l f a t e ,  sodium, and n i t r a t e  
s a l t  c o n c e n t r a t i o n  c r i t e r i a  f o r  waste v i t r i f i c a t i o n  and t o  reduce 
t h e  volume of v i t r i f i e d  product .  Without washing, t h e  g l a s s  
volume and t h e r e f o r e  t h e  c o s t  of product handl ing  and s t o r a g e  
would be increased  s e v e r a l  f o l d .  Washing a l s o  removes c a u s t i c  
and d i s s o l v e d  aluminum added t o  the  sludge dur ing  aluminum d i s -  
s o l u t i o n .  

The s ludge  waste is rece ived  from the  aluminum d i s s o l v e r  and 
ba tch  washed wi th  water i n  two p a r a l l e l  p rocess ing  u n i t s .  Each 
u n i t  c o n t a i n s  an a g i t a t e d  wash tank t o  mix t h e  g e l a t i n o u s  s ludge  
s o l i d s  and wash water, a s o l i d - w a l l  baske t  c e n t r i f u g e  t o  s e p a r a t e  
t h e  s ludge  and l i q u i d  phases a f t e r  c o n t a c t i n g ,  and a c e n t r a t e  tank  
t o  hold  the  c e n t r i f u g e  l i q u i d  e f f l u e n t .  The c e n t r i f u g e  has  
48-inch-diameter by 30-inch-high bowl with a 120-gallon f i l l  
c a p a c i t y  and g e n e r a t e s  1300 g ' s  maximum s e p a r a t i n g  f o r c e  a t  1400 
rpm. 

A simple th ree - s t ep  d i l u t i o n  washing process  is  employed con- 
s i s t i n g  of an i n i t i a l  s ludge  dewatering s t e p  followed by two wash 
s t e p s .  These ope ra t ions  reduce sludge s a l t  conten t  from 88% t o  2% 
on a d r y  weight b a s i s .  The 2 %  concen t r a t ion  i s  n e a r l y  optimum f o r  
t h e  process  and i s  more than s u f f i c i e n t  t o  meet i n d i v i d u a l  product 
s p e c i f i c a t i o n s  f o r  s u l f a t e ,  sodium, and n i t r a t e  s a l t s  i n  the  washed 
s ludge .  
NOg- d r y  weight b a s i s . a  
w i th  water  t o  produce a s l u r r y  c o n t a i n i n g  17 w t  % t o t a l  s o l i d s .  The 
d e s i g n  p rocess ing  r a t e  f o r  t h e  two sludge washing u n i t s  i s  85 I b / h r  
of i n s o l u b l e  s o l i d s ,  and about 40 pounds of wash water  a r e  used per 
pound of s o l i d s  washed. 

These s p e c i f i c a t i o n s  are <3%, S042', <5% Na', and < lo% 
The final-washed sludFe i s  s l u r r i e x  

4.5.3.2 Process  Desc r ip t ion  

A process  flow diagram i s  shown i n  F igu re  4 .4 ,  material  
ba l ance  d a t a  a r e  l i s t e d  i n  Table 4.4,  and an es t imated  o p e r a t i n g  
c y c l e  f o r  t he  process  i s  descr ibed  below and i n  Table  4.21. 

a .  Bases f o r  t hese  l i m i t s  a r e  as fo l lows:  

2- SO4 - See S e c t i o n  3.1.4 

Na+ - Glass  l e a c h a b i l i t y  

NO; - Ruthenium v o l a t i l i t y .  1 
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Sludge feed fo r  t h e  washing process  i s  r ece ived  batchwise 
i n  t h e  s ludge  feed tank from t h e  aluminum d i s s o l v e r  a t  t h e  end o f  
each d i s s o l v i n g  c y c l e .  This  feed inc ludes  s ludge  bottoms from t h e  
supe rna te  g r a v i t y  s e t t l e r s  and spent  sand and c o a l  from t h e  sand 
f i l t e r s  which a r e  combined with t h e  d i g e s t e d  s ludge  i n  t h e  d i s -  
s o l v e r  i n  f ixed  p ropor t ions  i n  o rde r  t o  ma in ta in  a uniform feed 
composition f o r  t h e  washing process .  This  composition i s  moni- 
t o red  by p e r i o d i c  sampling and a n a l y s i s  of  s ludge  feed tank  con- 
t e n t s  f o r  volume % s o l i d s  and weight % s o l i d s ,  sa l t ,  and water. 

Fixed volume ba tches  of feed are pumped from t h e  s ludge  feed 

Batch volume is c o n t r o l l e d  so t h a t  t h e  c e n t r i f u g e  bowl i s  
tank  t o  t h e  two wash t anks  a t  t h e  s t a r t  o f  each ba tch  washing 
cyc le .  
f i l l e d  t o  90% o f  c a p a c i t y  wi th  s ludge  (108 g a l l o n s )  du r ing  t h e  
dewater ing  s t e p .  I f  t h i s  volume i s  exceeded, heavy overflow of  
s o l i d s  i n  t h e  c e n t r i f u g e  e f f l u e n t  w i l l  r e s u l t .  Both t h e  ba t ch  
volume and wash water a d d i t i o n  are a d j u s t e d  t o  compensate f o r  
changes i n  feed  composition. 

The  und i lu t ed  s ludge  feed i s  i n i t i a l l y  c e n t r i f u g e d  i n  t h e  
dewater ing  s t e p  t o  remove as much of  t h e  s a l t - r i c h  l i q u i d  as 
p o s s i b l e  b e f o r e  washing. 
washing minimizes water usage and i s  t h e  most e f f i c i e n t  p rocess ing  

bowl f i l l e d  a t  a 30 gpm rate .  A c e n t r i f u g e  feed r a t e  o f  5.0 gpm 
i s  used d u r i n g  dewater ing  t o  m e e t  t h e  des ign  b a s i s  o f  98% s o l i d s  
recovery  f o r  each c e n t r i f u g e  pass. The feed r a t e  f o r  t h e  wash 
s t e p s  i s  12.0 gpm. A lower c e n t r i f u g e  throughput i s  necessa ry  i n  
t h e  dewater ing  s t e p  t o  compensate f o r  lower s o l i d s  s e p a r a t i o n  due 
t o  t h e  smaller d e n s i t y  d i f f e r e n c e  between t h e  s ludge  and l i q u i d  
phases.  

Use of  t h e  dewater ing  s t e p  b e f o r e  

' scheme. The c e n t r i f u g e  bowl i s  a c c e l e r a t e d  t o  f u l l  speed and t h e  

The c e n t r i f u g e  e f f l u e n t  c o n t a i n i n g  s a l t  removed from t h e  
s ludge  and t h e  unrecovered s ludge  f i n e s  d r a i n s  by g r a v i t y  i n t o  t h e  
c e n t r a t e  t ank .  
i s  pumped t o  t h e  c e n t r a t e  hold t ank  where c e n t r a t e  from bo th  wash- 
i n g  u n i t s  i s  combined. The c e n t r a t e  i s  then  t r a n s f e r r e d  t o  t h e  
r e c y c l e  evapora t ion  system f o r  c o n c e n t r a t i o n  by evapora t ion .  The 
evapora tor  bottoms c o n t a i n i n g  t h e  concen t r a t ed  s a l t  and s ludge  
f i n e s  are  added t o  t h e  p l a n t  supe rna te  feed stream and fed t o  t h e  
g r a v i t y  se t t lers  where t h e  f i n e s  a r e  agglomerated and removed from 
t h e  sal t  s o l u t i o n  by g r a v i t y  s e t t l i n g .  The bottoms from t h e  set- 
t l i n g  u n i t s  are then  r ecyc led  t o  t h e  aluminum d i s s o l v e r .  

At t h e  end of  each c e n t r i f u g e  c y c l e  t h e  c e n t r a t e  
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A c o n s t a n t  c e n t r i f u g e  feed r a t e  i s  maintained du r ing  dewater- 
i n g  u n t i l  t h e  wash tank i s  empty. The c e n t r i f u g e  i s  then  opera ted  
a t  f u l l  speed (1400 rpm) fo r  f i v e  minutes t o  f u r t h e r  compact t h e  
s ludge  cake. This s t e p  reduces  cake volume by about 10%. A 1-gpm 
water feed must be maintained du r ing  t h e  compaction s p i n  t o  pre- 
ven t  s t a n d i n g  waves from forming on t h e  pool s u r f a c e  i n  t h e  bowl 
which can cause  bowl imbalance. The excess  l i q u i d  l e f t  on t h e  cake 
s u r f a c e  a f t e r  compaction i s  skimmed o f f ,  and t h e  bowl i s  braked by 
t h e  d r i v e  motor t o  a speed of  50 rpm for  s ludge  unloading. 
v e r t i c a l  knife-edged plow i s  then  a c t i v a t e d  t o  sc rape  t h e  s ludge  
from t h e  bowl w a l l .  The cake f a l l s  through t h e  open bottom of  t h e  
c e n t r i f u g e  and through a chu te  i n t o  t h e  wash tank  below. 
charge  i s  a s s i s t e d  by h igh  p r e s s u r e  water sp rays  which are 
d i r e c t e d  on t h e  cake t o  h e l p  d i s p e r s e  t h e  cake and c l e a n  t h e  bowl. 
An es t imated  o p e r a t i n g  c y c l e  f o r  t h e  c e n t r i f u g e  i s  g iven  i n  
Table  4.22. 

A 

D i s -  

During s ludge  compaction and d i scha rge ,  wash water f o r  t h e  
f i r s t  wash i s  added t o  t h e  wash t ank ,  and t h e  s ludge  and water a r e  
w e l l  mixed. During mixing, t h e  s a l t  i o n s  d i f f u s e  r a p i d l y  from t h e  
i n t e r s t i t i a l  l i q u i d  i n  t h e  s ludge  p a r t i c l e s  t o  t h e  bulk  l i q u i d  
phase. Concent ra t ion  equ i l ib r ium i s  achieved w i t h i n  a matter o f  
minutes.  Af t e r  d i scha rge  i s  completed, t h e  c e n t r i f u g e  bowl i s  
a c c e l e r a t e d  t o  f u l l  speed and t h e  bowl i s  f i l l e d  wi th  t h e  d i l u t e d  
s ludge  from t h e  wash tank  a t  a 30 gpm rate .  This r a t e  i s  con- 
t r o l l e d  so t h a t  t h e  bowl i s  f i l l e d  t o  c a p a c i t y  (120 g a l l o n s )  
between a speed o f  400 rpm, t h e  minimum speed needed t o  suppor t  
l i q u i d  i n  t h e  bowl, and 1400 rpm. A t  f u l l  speed, t h e  feed i s  
reduced t o  a 12 gpm ra t e ,  and t h i s  r a t e  i s  main ta ined  throughout 
t h e  feed s t e p .  When t h e  wash tank  i s  emptied, feed i s  stopped and 
c e n t r i f u g e  s p i n ,  skim, d e c e l e r a t i o n ,  and d i s c h a r g e  o p e r a t i o n s  are 
r epea ted  t o  complete t h e  f i r s t  wash cyc le .  

Opera t ing  s t e p s  and t iming  for  t h e  second wash are v e r y  
similar t o  t h o s e  i n  t h e  f i r s t  wash. However, an on-line measure- 
ment of  c e n t r a t e  c o n d u c t i v i t y  is made dur ing  t h e  second wash t o  
de te rmine  whether t h e  washed s ludge  ba tch  meets t h e  product spec i -  
f i c a t i o n  o f  <2 d r y ' w t  X sal t .  
cates less tFan 0.68 w t  X sa l t  i n  t h e  c e n t r a t e  l i q u i d  on a s o l i d s  
f r e e  b a s i s ,  product s p e c i f i c a t i o n s  have been m e t  and s ludge  washing 
i s  complete. Otherwise,  a d d i t i o n a l  washing w i l l  be  necessa ry .  The 
washed s ludge  i s  d ischarged  from t h e  c e n t r i f u g e  i n t o  t h e  wash t ank  
and s l u r r i e d  us ing  only  t h e  d i s c h a r g e  sp ray  water. 
spray  water i s  c o n t r o l l e d  t o  o b t a i n  17 w t  X t o t a l  s o l i d s  ( i n s o l u b l e  

I f  t h e  c o n d u c t i v i t y  r e a d i n g  i n d i -  

The amount of  
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p l u s  d isso lved  s o l i d s )  which i s  t h e  maximum s o l i d s  conten t  f o r  
s a t i s f a c t o r y  s l u r r y  t r a n s f e r  and s t o r a g e .  The same amount of 
s p r a y  water  i s  used i n  t h e  dewatering and f i r s t  wash s t e p s .  The 
washed s ludge  i s  the2  c r a n s f e r r e d  from t h e  wash tank t o  the  washed 
s ludge  run tank where it  i s  combined with s l u r r y  from the  o t h e r  
washing u n i t .  The washed s ludge  i n  t h e  r u n  tank i s  sampled and 
analyzed f o r  w t  % t o t a l  s o l i d s ,  d ry  w t  % s a l t ,  and dry w t  % 
S042', Na+, and NOg-, and then  t r a n s f e r r e d  batchwise t o  t h e  s l u r r y  
mix tank p r i o r  t o  spray  dry ing  and v i t r i f i c a t i o n .  

4.5.3.3 D i l u t i o n  Model 

Sludge washing s t u d i e s  show t h a t  washing fol lows a simple 
d i l u t i o n  model d e s c r i b e d  by t h e  equat ion:  

- sf - I - . - ___ __ ___ - 
'n wf + RI ( R I  )d (" ;IR1)l (" ;IR1)* (" ::I) n 

- _-  - 

where 

d dewater ing  s t e p  

I = mass of i n s o l u b l e  s o l i d s  i n  c e n t r i f u g e d  s ludge  

n = number of washes 

(1) 

R = mass r a t i o  of water  t o  i n s o l u b l e  s o l i d s  i n  c e n t r i f u g e d  
s ludge  

Sf = mass of s a l t  i n  unwashed s ludge  feed 

S, = mass of s a l t  i n  washed s ludge 

W mass of wash water  and spray  water added t o  c e n t r i f u g e d  
s ludge  

Wf = mass of water i n  unwashed s ludge feed.  
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The v a l u e s  of  I and R a r e  e s s e n t i a l l y  cons t an t  fo r  each s t e p  of 
t h e  DWPF washing p rocess ,  and an equal  amount of  wash water i s  
added i n  each wash. Thus, Equation 1 can be s i m p l i f i e d  t o  g i v e  

s f  s =  
( W f i  ") (w ;Fay 

where average  va lues  of  I and 

( 2 )  

R a r e  used. These equa t ions  de- 
s c r i b e  t h e  r e l a t i o n s h i p  between s a l t  removal and major process  
parameters  of  s o l i d s  throughput ,  wash water a d d i t i o n ,  s ludge  cake 
water c o n t e n t ,  and number of  wash s t e p s .  

4.5.3.4 Large-Scale TNX Test Resul t s  

Large scale tests of t h e  washing process  and equipment are 
be ing  conducted a t  TNX us ing  a nonrad ioac t ive ,  s y n t h e t i c  s ludge  
waste. The t e s t  equipment i s  shown i n  F igure  4.23 and i n c l u d e s  a 
1200-gallon a g i t a t e d  wash t ank ,  48-inch ba tch  baske t  c e n t r i f u g e ,  a 
250-gallon s ludge  s l u r r y i n g  t ank ,  and a l a r g e  c e n t r a t e  t ank  (not  
shown). 

The s ludge  washing c e n t r i f u g e  i s  one of  t h e  more complex 
p i eces  of  mechanical equipment t o  be  opera ted  i n  t h e  DWPF canyon, 
and t h e r e f o r e  cons ide rab le  a t t e n t i o n  i s  be ing  g iven  t o  i t s  devel-  
opment and des ign .  F igu re  4.24 i s  a cutaway drawing of  t h e  l a r g e  
s c a l e  c e n t r i f u g e  now be ing  t e s t e d  a t  TNX. This  u n i t  was procured 
from DeLaval Separa tor  Company o f  Poughkeepsie, New York, and i s  a 
v e r t i c a l ,  so l id -wa l l ,  ba t ch  baske t  c e n t r i f u g e  which gene ra t e s  1300 
g ' s  f o r c e  a t  t h e  baske t  w a l l  and 900 g ' s  a t  t h e  l i q u i d  pool sur- 
f a c e  when o p e r a t i n g  a t  maximum o p e r a t i n g  speed of 1380 rpm. The 
bowl i s  unba f f l ed .  The c e n t r i f u g e  i s  made o f  304L stainless s tee l  
and weighs 7300 pounds wi th  t h e  bowl empty. The s t a t i c  load on 
t h e  s p i n d l e  bea r ings  wi th  an empty bowl i s  3400 l b ,  and t h e  machine 
i s  r a t e d  f o r  a maximum s ludge  loading  of  1500 l b  based on a s ludge  
bulk d e n s i t y  o f  94 l b / f t 3 .  
diameter by 30 inches  h igh  by 7-1/4 inches  deep and f i l l  c a p a c i t y  
i s  120 g a l l o n s .  Bowl w a l l  t h i c k n e s s  i s  1.04 inches .  

Bowl dimensions are 48 inches  in 

The motor and d r i v e ,  bowl, and curb  housing are a l l  r i g i d l y  
connected and t h e  e n t i r e  assembly i s  suspended by t h r e e  s t a n d s  on 
s t e e l  rods  or l i n k s .  The l i n k s  have b a l l  and socket  end j o i n t s ,  
and any load imbalance i n  t h e  machine i s  accommodated fo r  by 
displacement of t h e  e n t i r e  assembly on t h e s e  l i n k s .  The bowl i s  
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supported from t h e  curb  cover and i s  d r iven  by a top-mounted, 
var iab le-speed ,  75-hp h y d r a u l i c  motor. The d r i v e  d e l i v e r s  300-ft-lb 
to rque  and can provide  f u l l  d r i v e  to rque  du r ing  plowing. The 
h y d r a u l i c  d r i v e  a l s o  provides  r e g e n e r a t i v e  b rak ing  fo r  bowl de- 
c l e r a t i o n .  The c e n t r i f u g e  is fed through a bottom r o t a t i n g  feed 
a c c e l e r a t o r  which b r i n g s  t h e  feed up t o  t h e  angular  v e l o c i t y  of t h e  
bowl b e f o r e  i t  e n t e r s  t h e  l i q u i d  pool o r  s e t t l i n g  zone. This  min- 
imizes  tu rbu lence  due t o  feed e n t r y  and thereby  s u b s t a n t i a l l y  
improves s o l i d s  s e p a r a t i o n .  The sepa ra t ed  s ludge  i s  d i scharged  
from t h e  baske t  a t  approximately SO rpm by s i n g l e ,  a i r - d r i v e n ,  
sc raper - type  plow which advances t o  t h e  bowl wa l l  d u r i n g  d i s c h a r g e  
and then  i s  r e t r a c t e d  from t h e  w a l l  du r ing  t h e  remainder of  t h e  
c e n t r i f u g e  o p e r a t i n g  cyc le .  A s i n g l e ,  a i r -d r iven ,  l i n e a r  skimming 
dev ice  i s  a l s o  provided t o  remove excess  l i q u i d  from t h e  cake sur- 
f a c e  p r i o r  t o  d i scha rge .  The c e n t r i f u g e  can be  opera ted  i n  e i t h e r  
a f u l l y  au tomat ic  o r  manual mode. 

The s y n t h e t i c  s ludge  waste used i n  t h e  l a r g e  s c a l e  test  pro- 
gram s i m u l a t e s  t h e  s l u r r y  feed e n t e r i n g  t h e  washing process  as 
c h a r a c t e r i z e d  i n  Table  4.23. 
Fe, Al, Mr, Ca, and N i  c a t i o n s ;  o t h e r  major m e t a l  c o n s t i t u e n t s ,  Hg 
and U, were omi t ted  f o r  h e a l t h  and environmental  c o n t r o l  r easons .  
Based on a comparison o f  t h e  s ludge  p r o p e r t i e s  and small scale test  
r e s u l t s  ob ta ined  so f a r ,  t h e  s y n t h e t i c  s ludge  waste appea r s  t o  be  
less dense ,  more g e l a t i n o u s ,  and have a h ighe r  water con ten t  t h a n  
a c t u a l  wastes. Consequently,  test  r e s u l t s  w i th  s y n t h e t i c  waste 
should p rov ide  a c o n s e r v a t i v e  b a s i s  f o r  p l a n t  des ign .  

The s ludge  waste c o n t a i n s  only  t h e  

F igu re  4.25 shows s ludge  r ecove ry  i n  t h e  48-inch c e n t r i f u g e  
as a f u n c t i o n  of  feed r a t e  and l i q u i d  d e n s i t y ,  t h e  two major param- 
e ters  a f f e c t i n g  s ludge  s e p a r a t i o n .  As expected from sedimenta t ion  
theo ry ,  r ecove ry  d e c l i n e s  wi th  i n c r e a s i n g  throughput and l i q u i d  
d e n s i t y .  
s i t y  d i f f e r e n c e  between t h e  s ludge  and l i q u i d  phases and t h e r e f o r e  
v a r i e s  i n v e r s e l y  wi th  l i q u i d  d e n s i t y  a t  c o n s t a n t  th roughput .  Feed 
r a t e  a f f e c t s  s e p a r a t i o n  by a l t e r i n g  t h e  r e s i d e n c e  t i m e  f o r  s ludge  
s e t t l i n g  i n  t h e  c e n t r i f u g e  bowl. 
d a t a  i n  F igu re  4.25, t h e  des ign  b a s i s  of  98% s ludge  r ecove ry  can 
be  achieved  wi th  a throughput of  up t o  S gpm i n  t h e  dewater ing  
s t e p  and a t  least  1 2  gpm i n  t h e  f i r s t  and second wash steps where 
t h e  e s t ima ted  l i q u i d  d e n s i t i e s  are 1.21, 1.00, and 0.993 g/mL, 
r e s p e c t i v e l y  . 

Sludge s e p a r a t i o n  i s  d i r e c t l y  p r o p o r t i o n a l  t o  t h e  den- 

Based on p re l imina ry  r ecove ry  
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A t y p i c a l  p l o t  o f  s ludge  recovery  v e r s u s  t ime i s  shown i n  
F igure  4.26. Recovery remains n e a r l y  cons t an t  u n t i l  t h e  bowl i s  
f i l l e d  wi th  s ludge  and then  drops  a b r u p t l y  a s  s o l i d s  overflow i n  
t h e  e f f l u e n t  begins .  F igu re  4.27 shows t h e  bowl f u l l y  loaded wi th  
a uniform, standup cake. The photograph was taken a f t e r  t h e  
machine w a s  shut  down a f t e r  s o l i d s  overflow had s ta r ted  but  wi thout  
t h e  normal f i v e  minute cake compaction s p i n .  Other tests have 
shown t h a t  cake volume i s  reduced by about 10% i n  the compaction 
s t e p .  Analys is  of  t h e  cake r e v e a l s  t h a t  t h e  dense ,  d ry  s o l i d s  
s e t t l e  a t  t h e  bowl bottom and ou te r  w a l l  wh i l e  t h e  l i g h t ,  more 
g e l a t i n o u s  s o l i d s  c o l l e c t  i n  t h e  i n n e r ,  upper p o r t i o n  of t h e  bowl. 
Cake d e n s i t y  i n  t h e  dewater ing  s t e p  ranges  from 1.3 t o  1 . 7  g/mL. 

The e f f e c t  o f  feed a c c e l e r a t i o n  on s e p a r a t i n g  performance was 
a l s o  s t u d i e d  i n  t h e  l a r g e  TNX c e n t r i f u g e .  Complete a c c e l e r a t i o n  
of  t h e  feed b e f o r e  e n t r y  i n t o  t h e  l i q u i d  pool i s  normally provided 
by t h e  r o t a t i n g  feed pump and d i s t r i b u t o r  l oca t ed  a t  t h e  bottom of  
t h e  c e n t r i f u g e  (see F igure  4.24). The c e n t r i f u g e  i s  a l s o  f i t t e d  
wi th  a 1-inch-diameter, top-enter ing ,  s t a t i o n a r y  feed p i p e  which 
d i s c h a r g e s  t h e  feed d i r e c t l y  onto  t h e  pool s u r f a c e  near  t h e  bowl 
f l o o r  and provides  e s s e n t i a l l y  no a c c e l e r a t i o n .  F igure  4.28 com- 
p a r e s  c e n t r i f u g e  s e p a r a t i o n  wi th  and without feed a c c e l e r a t i o n  and 
i n d i c a t e s  t h a t  complete o r  n e a r l y  complete feed a c c e l e r a t i o n  i s  
necessa ry  t o  ach ieve  98% s ludge  recovery  a t  t h e  d e s i r e d  feed ra tes  
Based on t h i s  d a t a ,  t h e  s impler  s t a t i o n a r y  feed  p i p e  does no t  
appear s u i t a b l e  f o r  t h e  DWPF c e n t r i f u g e .  

An a l t e r n a t e  means of  skim l i q u i d  removal h a s  been success-  
f u l l y  t e s t e d  i n  t h e  small and l a r g e  TNX c e n t r i f u g e s  i n  which t h e  
l i q u i d  on t h e  cake s u r f a c e  is allowed t o  d r a i n  i n t o  t h e  wash o r  
s l u r r y  tank  below as t h e  c e n t r i f u g e  bowl i s  d e c e l e r a t e d  f o r  s ludge  
d i s c h a r g e .  
ing. This m e t h o d  of l i q u i d  r e m o v a l  w o u l d  s i m p l i f y  centrifuge 
des ign  by e l i m i n a t i n g  t h e  skimming dev ice  but  would r e q u i r e  an  
a d d i t i o n a l  pump o r  t r a n s f e r  je t  i n  t h e  wash tank .  

\ 

The l i q u i d  i s  then  pumped from t h e  tank  b e f o r e  plow- 

The TNX smal l - sca le  washing tes ts  i n d i c a t e d  t h a t  s l u r r y i n g  o f  
t h e  c e n t r i f u g e  cake wi th  water i n  t h e  wash tank  might be  d i f f i -  
c u l t .  Lumps of s ludge  t e n d e d . t o  adhere  t o  t h e  t ank  w a l l  and f l o o r  
and o f t e n  plugged t h e  c e n t r i f u g e  feed l i n e .  However, tests wi th  
t h e  l a rge - sca l e  TNX s l u r r y  t ank  have shown tha t  s a t i s f a c t o r y  cake  
d i s p e r s i o n  can be o b t a i n e d ~ w i t h  a c y l i n d r i c a l  t ank  us ing  a con- 
v e n t i o n a l ' t u r b i n e  a g i t a t o r ,  and t h a t  a s p e c i a l i z e d ,  high-shear 
mixing dev ice  i s  nota- requi red .  The s l u r r y  t ank  i s  shown i n  
F igure  4.29 a n d . i s  equipped wi th  a dua l - impe l l e r ,  45" p i t ched-  
t u r b i n e  a g i t a t o r  d r i v e n  by a 5-hp, SCR-controlled, var iab le-speed  
DC motor. The impel le r  t o  tank  d iameter  r a t i o  i s  0 .6  and maximum 
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impe l l e r  speed i s  125 rpm. The lower p o r t i o n  of t h e  tank  i s  un- 
b a f f l e d  and u s u a l l y  only t h e  bottom impe l l e r  i s  submerged du r ing  
o p e r a t i o n .  I n  a t y p i c a l  s l u r r i n g  t e s t ,  50 g a l l o n s  of  s ludge  cake 
a r e  d ischarged  from t h e  c e n t r i f u g e  i n t o  30 g a l l o n s  of water i n  t h e  
s l u r r y  tank  wi th  t h e  a g i t a t o r  o p e r a t i n g  a t  maximum speed. Under 
t h e s e  cond i tons ,  t h e  s ludge  i s  f u l l y  d i s p e r s e d  w i t h i n  e i g h t  
minutes of  t h e  s t a r t  of  d i s c h a r g e  which t akes  f i v e  minutes .  
t a t i o n  c o n d i t i o n s  can b e s t  be desc r ibed  as s t r o n g  with s u r f a c e  
s p l a s h i n g ,  a deep c e n t e r  v o r t e x ,  and good ba tch  c i r c u l a t i o n .  No 
problem h a s  been exper ienced  wi th  s ludge  holdup o r  bu i ldup  i n  t h e  
d i s c h a r g e  c h u t e  which e n t e r s  t h e  s l u r r y  t ank  a t  a 60" ang le  and 
converges i n  a r e a  by about 60%. Undiluted s ludge  cake has  been 
mixed i n  t h e  s l u r r y  t ank ,  a l though t h e  b a t c h  c i r c u l a t i o n  r a t e  i s  
low and a s t a g n a n t  zone 4 t o  5 inches  wide e x i s t s  a long  t h e  t ank  
w a l l .  To avoid t h e  p o s s i b i l i t y  of a g i t a t o r  s t a l l o u t  which h a s  
occurred  wi th  und i lu t ed  s ludge ,  t h e  a g i t a t o r  should be  ope ra t ed  
d u r i n g  d i s c h a r g e  and some water p r e s e n t  i n  t h e  t ank  p r i o r  t o  d i s -  
charge .  

Agi- 

4.5.3.5 Small-Scale  TNX Test R e s u l t s  

Washing tests a t  roughly  1/100 o f  p l a n t  s c a l e  have been 
performed a t  TNX us ing  s y n t h e t i c  s ludge  waste. 
i s  shown i n  F igu re  4.30 and c o n s i s t s  of  an a g i t a t e d  wash t ank ,  
bench model baske t  c e n t r i f u g e ,  and a c e n t r a t e  c o l l e c t o r .  The 
c e n t r i f u g e  c o n t a i n s  a 12-inch-diameter by 5.5-inch-high 
imper fo ra t e  bowl and was procured from DeLaval Sepa ra to r  Company 
o f  Poughkeepsie, New York. B o w l  cap h e i g h t  i s  2 inches  and f i l l  
c a p a c i t y  1 .5  g a l l o n s .  Unless o the rwise  noted ,  a l l  tes ts  were 
conducted a t  1300 g ' s  f o r c e  (2775 rpm) measured a t  t h e  bowl w a l l  
(900 g ' s  a t  t h e  pool s u r f a c e ) .  Feed i s  in t roduced  nea r  t h e  c e n t e r  
of  t h e  s o l i d  bottom of t h e  b a f f l e d  bowl and i s  a c c e l e r a t e d  t o  bowl 
speed b e f o r e  i t  e n t e r s  t h e  l i q u i d  pool.  

The test equipment 

Table  4.24 summarizes c e n t r i f u g e  s e p a r a t i n g  performance, 
s ludge  c a p a c i t y ,  and cake  water con ten t  as a f u n c t i o n  o f  feed 
throughput f o r  und i lu t ed  s ludge  s l u r r y .  This  d a t a  shows t h a t  
throughput h a s  a s u b s t a n t i a l  e f f e c t  on s ludge  r ecove ry  and capac- 
i t y  but  appears  t o  have l i t t l e  e f f e c t  on cake water c o n t e n t .  The 
process  des ign  c r i t e r i a  of  a 90% baske t  f i l l  and 3.0 l b  cake 
w a t e r l l b  s o l i d s  were s e l e c t e d  p r i m a r i l y  on t h e  b a s i s  of  t h i s  d a t a .  
Add i t iona l  r e s u l t s  no t  inc luded  i n  t h i s  r e p o r t  demonst ra te  t h a t  
t h e  cake water t o  s o l i d s  r a t i o  remains e s s e n t i a l l y  cons t an t  
throughout t h e  washing p rocess .  F igu re  4.31 i s  a t y p i c a l  p l o t  of 
c e n t r i f u g e  s ludge  recovery  v e r s u s  t ime showing t h a t  r ecove ry  i s  
n e a r l y  c o n s t a n t  up t o  baske t  c a p a c i t y  and then  drops  a b r u p t l y  a s  
i n  f o r  t h e  l a r g e  TNX c e n t r i f u g e .  
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Centrifuge scaleup was also investigated. The C method 
described by Ambler1 was found to be an effective means of scale 
up of centrifuge throughput from small scale test results. Using 
this method, a feed flow scaleup factor of 23 was estimated for 
the TNX small and large scale centrifuges, where 

m Feed in Large Centrifuge 
Factor = iFm Feed in Small Centrifuge Feed 

As shown in Table 4.25, the measured factor for the TNX centri- 
fuges is in close agreement with the predicted value. The scaleup 
factor for sludge loading capacity is simply the ratio of basket 
fill volume in the large centrifuge to that of the small centri- 
fuge. This factor equals 80 for the TNX centrifuges. After being 
tested at TNX with synthetic waste, the sigma technique will be 
used to scale up results of HLC small scale centrifuge tests with 
actual wastes. 

Numerous small scale tests have been performed with synthetic 
waste which demonstrate the basic feasibility of the dilution 
washing process. Figure 4.32 shows salt removal in a typical test 
in which 8 liters of sludge slurry were washed three times with 29 
liters of water using the test equipment shown in Figure 4 . 3 0 .  
This data shows that removal of the soluble S042', Na', and NO3' 
salts closely follows the dilution model. Most of the salt 
remaining in the washed sludge appears to be effectively insol- 
uble. However, even with this residual insoluble material, 
product quality criteria for the washed sludge were easily met 
as shown in Table 4.26. 

The rheology of washed sludge slurry was evaluated to deter- 
mine the maximum solids content for satisfactory slurry handling 
and transport. Washed sludge cake from the small centrifuge was 
mixed with different amounts of water and slurry rheology analyzed 
using a Haake Model R V - 3  rotational viscometer (Haake, Inc., 
Saddlebrook, New Jersey). Figure 4.33 is a typical slurry rheo- 
gram or shear stress-shear rate diagram obtained with the Haake 
instrument. The slurries were found to be Bingham plastic fluids 
displaying definite yield stress and consistency properties. The 
rheology of a Bingham plastic is described by the equation 

T = Ty + nf 

where T and Ty are the fluid shear stress and yield stress, 
respectively, in dynesIcm2, n is the fluid consistency in centi- 
poise, and i' is the shear rate in reciprocal seconds. 
yield stress and consistency properties were calculated from the 
rheograms and are plotted as a function of slurry.tota1 solids 

Slurry 
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con ten t  ( i n s o l u b l e  p lus  d i s so lved  s o l i d s )  i n  F igu res  4 . 3 4  and 4 . 3 5 .  
A q u a l i t a t i v e  d e s c r i p t i o n  of s l u r r y  f l u i d i t y  i s  a l s o  given on 
t h e s e  p l o t s .  Based on t h i s  d a t a ,  a c o n s e r v a t i v e  des ign  b a s i s  of  
17 w t  X t o t a l  s o l i d s  was s e l e c t e d  f o r  t h e  washed s ludge  s l u r r y .  
Large-scale s l u r r y  t r a n s p o r t  tests are now be ing  performed and may 
show t h a t  a h ighe r  s o l i d s  loading  is f e a s i b l e .  The rheology of 
t h e  washed s ludge  s l u r r y  d i d  n o t  show any s i g n i f i c a n t  t i m e -  
dependency. 
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4 .5 .4  

4 .5 .4 .1  General 

Spray Drying (M. H .  Tennant) 

The purpose of t h i s  s e c t i o n  i s  t o  p re sen t  a d e s c r i p t i o n  and 
a v a i l a b l e  t e c h n i c a l  d a t a  bases  of  t h e  process  t o  conver t  t h e  feed  
s l u r r y  from t h e  s ludge  washing and ion-exchange modules i n t o  a d ry  
powder s u i t a b l e  f o r  feed t o  a melter. 

Spray d ry ing  of  simulated SRP waste h a s  been demonstrated a t  
B a t t e l l e - P a c i f i c  Northwest Labora to r i e s  (PNL). Simulated SW waste 
w a s  i n i t i a l l y  dryed i n  a 21-inch-ID developmental sp ray  d rye r  a t  
PNL. 
encountered [ 6 I . Feed r a t e s  ranged from 15 t o  55 L/hr and no problems were 

More-recent runs  were made i n  PNL's 36-inch-ID sp ray  d rye r  
t o  de te rmine  d rye r  c a p a c i t y  and t o  e v a l u a t e  of f -gas  s i n t e r e d  metal 
f i l t e r  performance. The d rye r  w a s  s u c c e s s f u l l y  opera ted  a t  feed 
r a t e s  up t o  300 L/hr.  

4 .5 .4 .2  P rocess  DescriDtion 

The flowsheet (FS-5) and material  ba l ance  (MB-5) f o r  t h e  
sp ray  d r y i n g  sys t em is shown i n  F igure  4 .5  and Table  4 .5 ,  respec-  
t i v e l y .  I n  t h e  r e f e r e n c e  p rocess ,  t h e  washed s ludge  cake from t h e  
washed s ludge  run  tank  is s l u r r i e d  wi th  t h e  ces ium-zeol i te  s l u r r y  
and t h e  Sr c o n c e n t r a t e  t o  produce a feed c o n t a i n i n g  17 t o  18 w t  % 
t o t a l  s o l i d s .  The s l u r r y  i s  sampled f o r  s ludge  c o n t e n t ,  conveyed 
t o  a hold  t a n k ,  and subsequent ly  t r a n s f e r r e d  t o  t h e  sp ray  d r y e r  
feed t ank .  This  s l u r r y  i s  then  fed a t  a c o n t r o l l e d  r a t e  t o  t h e  
d rye r  a t  a p r e s s u r e  o f  1 t o  4 a t m .  The s l u r r y  i s  pneumat ica l ly  
atomized i n  an i n t e r n a l  mix nozz le  and sprayed i n t o  t o p  c e n t e r  o f  
a cylindrical spray dryer chamber. The ratio of atomizing air and 
s l u r r y  feed  i s  c o n t r o l l e d  a t  approximately 4.00 l b / g a l .  The atom- 
i zed  s l u r r y  i n  t h e  form of f i n e  d r o p l e t s  is s e q u e n t i a l l y  evapo- 
r a t e d ,  d r i e d ,  and p a r t i a l l y  c a l c i n e d  as i t  f a l l s  through t h e  s p r a y  
d rye r  chamber. 

The d rye r  walls are hea ted  t o  a tempera ture  between 800 and 
950°C.  
a combination of  r a d i a t i o n  and convec t ion  t o  produce a powder con- 
t a i n i n g  less than  2 ' w t  % mois tu re .  
hea t  t r a n s f e r  s u r f a c e  i s  minimized by t h e  p e r i o d i c  o p e r a t i o n  of  
wall-mounted v i b r a t o r s .  The d rye r  of f -gases ,  which c o n s i s t  p r i -  
mar i ly  o f  superheated steam and a i r ,  may e n t r a i n  as much as 50% 
of  t h e  p a r t i c l e s .  
t h e  off-gas through s i n t e r e d  metal f i l t e r s .  Less than  0.1% o f  t h e  

I n s i d e  t h e  chamber h e a t  i s  t r a n s f e r r e d  t o  t h e  d r o p l e t s  by 

Fouling of  t h e  d ry ing  chamber 

The e n t r a i n e d  p a r t i c l e s  are removed by pass ing  
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p a r t i c u l a t e s  are expected t o  p e n e t r a t e  t h e  f i l t e r s .  
e x i t s  t h e  f i l t e r s  and i s  rou ted  t o  an off-gas system fo r  r ad io -  
n u c l i d e  abatement and mercury r ecove ry .  For t h e  purpose of de- 
s i g n i n g  t h e  s i n t e r e d  meta l  f i l t e r s  and off-gas t r ea tmen t  system, 
t h e  of f -gases  a r e  assumed t o  be a t  350°C. The powder c o l l e c t e d  on 
t h e  f i l t e r s  i s  p e r i o d i c a l l y  removed by a p u l s e  of  blowback a i r .  
The t o t a l  average  q u a n t i t y  o f  blowback a i r  i s  estimated t o  be 
85 acfm. The d ry  s ludge  powder from t h e  f i l t e r s  drops  i n t o  t h e  
cone below t h e  dryer a long  with t h a t  which f a l l s  d i r e c t l y  from t h e  
chamber and i s  combined wi th  glass-forming f r i t .  F r i t  i s  fed i n t o  
t h e  cone t o  provide  a 35:65 r a t i o  by weight of  c e n t r i f u g e d  s ludge  
(on a d r y  b a s i s )  and g l a s s  f r i t .  The f r i t  a d d i t i o n  r a t e  i s  set 
based on a de te rmina t ion  of  t h e  s ludge  c o n t e n t  of  t h e  waste s l u r r y  
and t h e  d r y e r  feed ra te .  No s p e c i a l  care i s  provided t o  mechani- 
c a l l y  ensure  good mixing of  t h e  c a l c i n e  and f r i t .  However, t h e  
s i z e  of  t h e  f r i t  p a r t i c l e s  should be  as nea r  t o  t h a t  o f  t h e  d r y e r  
product ,  c o n s i s t e n t  w i th  r e l i a b l e  t r a n s p o r t  t o  t h e  d rye r  cone. 
The d r i e d  s ludge  and f r i t  mix tu re  are then  d i scha rged  t o  t h e  
cont inuous  ceramic melter by g r a v i t y  flow. 

The off-gas 

4.5.4.3 Technica l  Data 

4 .5 .4 .3 .1  S m a v  Drver S to ich iometrv  

The primary r e a c t i o n  t h a t  occu r s  i n  t h e  spray  d r y e r  i s  t h e  
loss of  water. Add i t iona l  r e a c t i o n s  assumed f o r  m a t e r i a l  ba l ance  
purposes were d e t a i l e d  i n  S e c t i o n  4.4.1.4. 

A thermodynamics s tudy  of t h e  sp ray  d r y e r l m e l t e r  of f -gas  
has  r a i s e d  s e v e r a l  unreso lved  q u e s t i o n s .  These are  b r i e f l y  high- 
l i g h t e d  be  low. 

Ch lo r ine  and f l u o r i n e  which v a p o r i z e  from t h e  m e l t  s u r f a c e  may 
r e f l u x  between t h e  melter and sp ray  d r y e r  f i l t e r s  as sodium, 
cesium, and l i t h i u m  h a l i d e s .  These elements form gaseous 
products  a t  melter tempera tures  and form s o l i d s  a t  t h e  f i l t e r .  

Sodium hydroxide,  which m e l t s  a t  318"C, w i l l  form i f  Na2C03 
i s  l e f t  on t h e  f i l t e r s  when s ludge  feed t o  t h e  spray  d r y e r  i s  
s topped .  

L i C l  and C s C l  may accumulate on t h e  s i n t e r e d  metal f i l t e r s .  A 
L i C l - C s C 1  e u t e c t i c  (60% LiC1) m e l t s  a t  306°C and could p o s s i b l y  
b l i n d  t h e  f i l t e r s  i f  allowed t o  accumulate.  
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Until appropriate experimental programs are carried out to 
resolve the previously outlined questions, the bases in Section 
4.4.1.4 should serve as a design bases. 

4.5.4.3.2 Characteristics of Spray Dryer Product 

Physical - 

Tables 4.27 through 4.29 summarize measured physical char- 
acteristics of the powder produced in the PNL 36-inch spray dryer 
with simulated SRP waste feed for constant chamber wall tempera- 
ture. Experience with the powder shows that it dusts readily and 
is hydroscopic. Bin storing, conveying, or transporting of the 
powder is therefore not recommended. 

Chemic a 1 

Table 4.30 summarizes the concentration of the major compo- 
nents in the powder produced during the 3rd run in the 36-inch PNL 
spray dryer as a function of feed rate. Also included is weight 
loss data at 200'C and 800'C. These data were provided by PNL. 

Additional chemical characterization of the powder is under 
way at the Savannah River Laboratory. The following paragraphs 
summarize the observations and findings to date. The powder in 
these analyses was produced during operation of the PNL 21-inch 
spray dryer. 

Scanning electron microprobe analyses indicate (1) higher 
concentrations of sodium than anticipated, (2 )  sodium exists 
primarily on the surface of the particle and (3) iron, 
manganese, nickel, calcium, and residual sodium and aluminum 
were generally uniformly distributed throughout the powder 
(some areas indicated less abundant manganese - these areas 
were more abundant in iron and nickel). 

X-Ray Diffraction Analysis (XRD) showed both amporphous and 
crystalline material. The crystalline phase was identified 
as a spinel-type oxide with a cubic structure similar to 
NiFe204. XRD analysis of the water soluble fraction of the 
powder (after crystallization by evaporation) showed Al(oHl3 
and Na3H(C03)2. 
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Elemental and i o n i c  ana lyses  of t he  powder fo l lowing  d i s s o l u -  
t i o n  i n  HC1 a r e  summarized i n  Table 4.31. These d a t a  i n d i c a t e  
t h a t  approximately 95% of  the  sodium, 90% of t h e  n i t r a t e ,  and 
60% of t he  aluminum a r e  p re sen t  as a water -so luble  form. Solu- 
b i l i t y  d a t a  f o r  sodium and aluminum i n d i c a t e  NaA102. The 
remainder of t h e  aluminum and e s s e n t i a l l y  a l l  t he  i r o n ,  
manganese, n i c k e l ,  and calcium a r e  p re sen t  i n  wa te r - in so lub le  
forms. The i n s o l u b l e  aluminum s p e c i e s  i s  probably aluminum 
ox ide ,  poss ib ly  hydra ted  carbonate  and n i t r a t e  exist p r i m a r i l y  
i n  a water -so luble  form. 

Thermogravimetric Ana lys i s  (TGA) and D i f f e r e n t i a l  Thermal 
Analys is  (DTA) d a t a  a r e  summarized i n  Table 4.32. These d a t a  
i n d i c a t e  t h a t  t h e  powder may c o n t a i n  as much as 13% w a t e r ,  
probably i n  hydrous ox ides .  T r a n s i t i o n s  above 500°C are l i k e l y  
thermal decompositions y i e l d i n g  C02 o r  oxygen. 

0 Mossbauer spec t romet ry  of t h e  powder l eads  t o  the  fo l lowing  
i n i t i a l  obse rva t ions :  

1. A l l  i r o n  i s  i n  t h e  f e r r i c  s t a t e  ( FeOOH o r  as Fe2O3 
wi th  p a r t i c l e  s i z e  (10 Wm). 

2.  None of t h e  fo l lowing  i r o n  s p e c i e s  are p r e s e n t  ( i n  
d e t e c t a b l e  q u a n t i t i e s )  - Fez03 ( p a r t i c l e  s ize  >10 pm), 
Fe2O4, FeOOH, FeOOH, o r  FeOOH. 

4 .5 .4 .3 .3  PNL Exper ience  

A s  noted ear l ie r  i n  t h i s  s e c t i o n ,  s e v e r a l  spray d r y e r  runs 
have been performed a t  PNL us ing  s imula t ed  SRP waste .  Table 4.33 
summarizes t h e  f i r s t  fou r  runs .  The f i r s t  two runs were made i n  
PNL's 21-inch I.D. spray  d r y e r  and t h e  l a t t e r  two i n  t h e i r  36-inch 
I.D. spray d rye r .  
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4.5.5 V i t r i f i c a t i o n  (T. A. Will is ,  M. J. Plodinec)  

4.5.5.1 General 

V i t r i f i c a t i o n  i n  a Joule-heated continuous me l t e r  i s  the  
c u r r e n t  r e f e r e n c e  process  f o r  i n c o r p o r a t i n g  SRP h igh- leve l  l i q u i d  
was te  i n t o  a s o l i d  matrix. Experience has been l i m i t e d  t o  l a rge -  
s c a l e  tes ts  a t  B a t t e l l e - P a c i f i c  Northwest Labora to r i e s  and s m a l l -  
s c a l e  tes ts  a t  the  Savannah River Labora tory  us ing  s imula ted  SRP 
waste. 

4.5.5.2 Process  Desc r io t ion  

The r e f e r e n c e  process is  comprised of fou r  b a s i c  s t e p s .  
F i r s t ,  t h e  product from t h e  spray d rye r  is  combined wi th  g l a s s -  
forming a d d i t i v e s  ( f r i t )  and d e l i v e r e d  on to  the  melt s u r f a c e .  
Secondly, t h e  spray d rye r  product and f r i t  are inco rpora t ed  i n t o  
t h e  molten g l a s s  a t  1150°C. Thi rd ly ,  t h e  m e l t  undergoes homogeni- 
z a t i o n  and f i n a l l y ,  t h e  g l a s s  m e l t  i s  poured i n t o  s teel  c a n i s t e r s .  
The r e f e r e n c e  flowsheet (FS-5) and material ba lance  (MB-5) are 
found on F igu re  4.5 and Table 4.5, r e s p e c t i v e l y .  

4.5.5.3 Technica l  Data 

4.5.5.3.1 Basic Theory 

Molten g l a s s  i s  an e l e c t r o l y t i c  conductor a t  h igh  tempera- 
t u r e s  due t o  i t s  low r e s i s t i v i t y  (about 10 ohm-cm). Thus, an 
e l e c t r i c  c u r r e n t  can pass  through the  g l a s s  and hea t  i t  by the  
J o u l e  e f f e c t .  The hea t  genera ted ,  q, as the  c u r r e n t  passes  
through a g l a s s  w i l l  be 

q = 12rk  

where I i s  the  c u r r e n t ,  r is the  r e s i s t i v i t y ,  and k is  a cons t an t  
which depends on the  geometry of t h e  melter. 

4.5.5.3.2 Rheology 

The r h e o l o g i c a l  ( f l u i d )  behavior of molten g l a s s  i s  t h e  most 
important s i n g l e  p rope r ty  i n  t h e  pour ing  phase [ 7 1 .  The maximum 
v i s c o s i t y  of t he  molten g l a s s  i n - t h e  me l t e r  and tank  riser should 
be l i m i t e d  t o  50 p o i s e  o r  less.  This a s s u r e s  an accep tab le  ra te  
of d i s s o l u t i o n  of c a l c i n e  and f r i t .  However, t o ,min imize  r e f r a c -  
t o r y  c o r r o s i o n  and a s s u r e  s u f f i c i e n t  power i s  d i s s i p a t e d  i n  t h e  
g l a s s ,  t he  v i s c o s i t y  should not be less than 10 p o i s e .  For smooth 
pouring from t h e  pour spout and adequate flow of m e l t  i n  t he  can- 
i s t e r ,  t he  v i s c o s i t y  of t he  glass leaving  the  pour spout should 
not exceed about 200 po i se .  

\ 1 1 .  

- 4.35 - 



The reference glass melt is considered a Newtonia3 fluid. 
Viscosities of simulated SRP waste glassforms have been measured 
as functions of temperature, composition, and shear rate. The 
viscosities of Newtonian melts were modeled as a function of 
temperature by least-squares fit of the data to Fulcher's equation 
181. Results for the reference glass waste form are tabulated in 
Table 3.9, Section 3. 

If the glass melt contains > 35 wt % sludge, the melt will 
contain an increasing percentage-of crystals. 
melt behaves as a non-Newtonian fluid and does not have a constant 
viscosity. However, a reasonably good agreement with experimental 
results was obtained by fitting the data to [ 9 ] :  

Consequently, the 

. *  T = mSn 

(T = shear stress in dyne cm, S = rate of shear in sec'l). Values 
of m and n were determined at several temperatures for the non- 
Newtonian melts by the method of least squares. The values listed 
in Table 4.34 are probably accurate to 20%. 

4.5.5.3.3 Resistivitv 

In the melter, the amount of energy produced for melting is 
controlled by the resistivity of the melt, which is dependent on 
the composition, the viscosity, and the temperature [lo]. 

The resistivity of the molten glass has been discussed in 
detail elsewhere [ll]. The resistivity of composite sludge with 
Frit 21 is shown in Figure 4.36. As the percent of sludge in 
glass increases, the resistivity increases. This can be thought 
of as simply a dilution of the alkali content, which should in- 
crease the resistivity. The resistivities have been fitted to 
the empirical equation: 

log p = a0 + al/T + a2/T2 

where p = resistivity, ohm cm; ai are regression coefficients; 
and T is the temperature, "K. 
(ai) was assumed to be a linear function of the wt % of each 
principal sludge and frit component in a melt. 

Each of the regression coefficients 

ai = bo (Si) + bq (Na) + b3 (Li) + b4 (Fe) + b5 (All 

where the terms in parentheses are the concentrations of the ele- 
ment in the glass, as wt %. The values of the bi's are listed in 
Table 4.35. 

n 
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. For stable melter operat.ion, the temperature dependence of 
the resistivity, dp/dT, is just as important as the resistivity 
itself. In an actual melter, there will not be perfect thermal 
equilibrium. Hot areas will have lower resistivities, hence pass 
more current, than cooler regions. Thus, the hotter areas will 
tend to become even hotter, and the cooler ones even cooler. 
"self-deregulating'' effect is governed by dp/dT at whatever melt- 
ing temperature is chosen [ 10,12,13]. 

This 

Bore1 [13] and others have pointed out that the ideal condi- 
tion for controlling electric: melting is dp/dT <7 x 
but that control was still possible up to abouttwice this value. 
Using the calculated regression coefficients (see Table 4.35) and 
implicitly solving the empiri.ca1 resistivity equation for dp/T, 
one can calculate the approximate minimum operating temperatures. 

ohm cm/K, 

4.5.5.3.4 Process Details 

Feed Blending 

Glassforming additives (.frit) are introduced into the bottom 
of the spray dryer and combined with the calcine. Care must be 
taken not to exceed the softening temperature of the frit (about 
400°C) before the frit enters the melter to preclude plugging the 
dryer/melter transition piece. Frit feed rate is proportional to 
the sludge feed rate to the spray dryer. 

The present dryerlmelter concept assumes the natural mixing 
that will take place in the bottom of the dryer is adequate. Lab- 
oratory studies with a small--scale melter indicate that the degree 
of mixing has a significant effect on the waste dissolution rate, 
foam persistence, and slag formation. Results of these tests are 
summarized in T a b l e s  4 . 3 6  and 4.37. 

The data demonstrates that waste can be vitrified up to 60 
times faster if the frit and waste are well mixed (this assumes 
that no segregation of frit and waste occurs during processing - 
see subsequent section). -In addition, premixing virtually 
eliminates formation of persistent foam and slags. 

Spray Dryer ProductlFrit Particle Size 

Laboratory studies indicate that if the particle size of the 
frit and the dried waste differ markedly, the benefits attained by 
premixing are somewhat negated due to frit and waste segregation 
in the melter. Table 4.38 summarizes these data. 
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Feeds c o n t a i n i n g  t h e  largest  f r i t  s i z e  (1 .7  mm) s epe ra t ed  on 

Analys is  of t h e s e  i s l a n d s  showed t h a t  they  conta ined  
t h e  m e l t  s u r f a c e ,  forming i s l a n d s  of  c a l c i n e  n e a r l y  f r e e  of g l a s s -  
former. 
f e r r i t e - s p i n e l  c r y s t a l s .  As t h e  f r i t  p a r t i c l e  s i z e  decreased ,  t h e  
number and s i z e  of t h e  i s l a n d s  decreased  u n t i l  none w a s  observed 
i n  tes ts  t h a t  used t h e  smallest f r i t  s i z e  (0 .15  mm).  This t r end  
was r eve r sed  when f r i t  p a r t i c l e s  of less than  0.15 mm diameter 
were used. This i s  a t t r i b u t e d  t o  t h e  g r e a t e r  amount of water ab- 
sorbed by t h e  f i n e r  p a r t i c l e  d u r i n g  handl ing .  These d a t a  sugges t  
t h a t  t h e  waste d i s s o l u t i o n  ra te ,  t h e  dep res s ion  of s l a g  format ion ,  
and foam p e r s i s t e n c e  can be  optimized by feeding  a d r y  f r i t  t h e  
same s i z e  as t h e  median p a r t i c l e  diameter o f  t h e  spray  d rye r  
product . 

Melt ing  - 

The melter i s  assumed t o  o p e r a t e  a t  1150°C. The composition 
o f  t h e  m e l t  cor responds  t o  65  w t  % kit 131 and 35 w t  % d r i e d  waste 
s o l i d s .  A f t e r  t h e  waste i s  d r i e d ,  t h e  m e l t  composition i s  71.1 w t  
X f r i t ,  2 8 . 9  w a s t e  ox ides ,  for composite s ludge .  The r e s i s t i v i t y  
i s  about 2 ohm-cm, t h e  v i s c o s i t y  i s  about 12 p o i s e ,  and 1150°C i s  
w e l l  above t h e  minimum o p e r a t i n g  tempera ture .  Thus, on t h e  basis  
of t h e  p h y s i c a l  c r i t e r i a ,  good-quality g l a s s  can be produced as 
long as c o n c e n t r a t i o n  f l u c t u a t i o n s  are n o t  t o o  severe .  

Homogenization 

A f t e r  t h e  m e l t i n g  p rocess ,  t h e  g l a s s  is homogenized [14 ] .  I n  
t h e  g l a s s  i n d u s t r y ,  a g l a s s  i s  cons idered  homogeneous when no d i f -  
f e r ence  i n  t h e  p r o p e r t i e s  of  t h e  g l a s s  can b e  measured. 
of homogeneity w i l l  be determined by t h e  thermal  h i s t o r y  o f  t h e  
g l a s s ,  i t s  composition, t h e  degree  o f  mixing of t h e  g l a s s  compo- 
n e n t s ,  and t h e  presence  of  convec t ion  c u r r e n t  i n  t h e  m e l t .  A t  a 
g iven  tempera ture ,  t h e  g l a s s  w i l l  i n c r e a s e  i t s  homogeneity qu ick ly  
i n  t h e  f i r s t  few hour s ,  then  more slowing t h e r e a f t e r  115,161. 

The degree  

The s i n g l e  most impor tan t  way t o  ensu re  homogeneity i s  t o  mix 
t h e  ba t ch  w e l l .  This means t h a t  t h e  p a r t i c l e s  should be  a s  small 
as p o s s i b l e  and t h e i r  d i s t r i b u t i o n  of  s i z e s  as narrow as p o s s i b l e  
[17 ] .  
of t h e  ba t ch  c o n s t i t u e n t s  minimal, and homogeneity ensured [18 ,19 ] .  

The t ime r e q u i r e d  fo r  mixing w i l l  then  be  s h o r t ,  s e p a r a t i o n  

Material flow through t h e  melter i s  t o  be balanced s o  t h a t  a 
c o n s t a n t  l e v e l  i s  maintained i n  t h e  melter (amount added from t h e  
c a l c i n e r  equals t h e  amount poured i n t o  t h e  c a n i s t e r ) .  A mean 
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V 
resicience time for the melt of about 25 hours will assure the 
molten glass will be as homogeneous as possible. The minimum 
residence time required to homogenize the glass depends on the 
composition and degree of'uniformity of the feed (size and compo- 
sition) and the temperature of the melt. 

Pouring 

After melting and homogenization, the molten glass flows 
through the throat and is allowed to cool slightly. A heater in 
the pouring section maintains the glass at about 1000°C. The 
glass overflows into steel canisters. Based on a heat transfer 
model developed to predict glass temperatures during canister fill 
and subsequent cooling (see Section 3.1.7.31, approximately 11 to 
15 hours will be required for the glass to cool below 500°C.  
Consequently, some devitrification may be expected to occur. 

4 . 5 . 5 . 4  Summary of Vitrification Experience with SRP Waste 

Based on large-scale tests at Battelle-Pacific Northwest Lab- 
oratories (PNL) and small-scale tests at SRL, using simulated SRP 
waste, four potential problems have been identified. 

e Formation of a slag at the bottom of the melter. 

e Formation of a persistent foam at the melt/batch interface. 

e Formation of a foam when the melter is heated after extended 
low-temperature idling (Reboil). 

e Electrode destruction by molten glass. 

4 . 5 . 5 . 4 . 1  Slag Formation 

Slag formation has deen discussed in detail elsewhere [20]. 
The slag observed in both the small-scale and the PNL melter has 
been identified as ferrite-spinel crystals in a glassy matrix. 
The data indicate that slag forms as a result of exceeding the 
solubility of this crystalline phase 'in molten glass. Slag forma- 
tion is enhanced by sludges high in iron, low melter temperature, 
and lack of unkfo'mity ,(particle size and composition) of the 
feed. For a given composition there is'a residence time which 
minimizes slag accumulation on the melter bottom. This residence 
time is determined by throughput, settling of the slag through the 
melt, and dissolution of the slag. 
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4 .5 .5 .4 .2  Formation of P e r s i s t e n t  Foam 

Tests i n  both the  PNL and SRL melters have demonstrated t h a t  
t h e  batch may prodcce a p e r s i s t e n t  foam as i t  melts [ 2 1 ] .  This 
r e su l t s  i n  a reduced mel t ing  ra te .  The foam p e r s i s t e n c e  is  ap- 
p a r e n t l y  determined by t h e  e f f e c t i v e  v i s c o s i t y  of the molten 
m a t e r i a l .  Thus, s ludges  high i n  aluminum or  which form l a r g e  
amounts of f e r r i t e - s p i n e l s  w i l l  produce p e r s i s t e n t  foam. I n  both 
c a s e s ,  good mixing of f r i r  and c a l c i n e ,  h ighe r  m e l t  t empera tures ,  
and decreased Ti02 conten t  of the  f r i t ,  w i l l  reduce foam per- 
s i s  tence .  

4 . 5 . 5 . 4 . 3  Reboil  

When the  melter i s  cooled from 1150'C t o  a lower temperature  
(such as 900°C) f o r  extended pe r iods ,  t he  g l a s s  i n  the  m e l t e r  
reaches  a new equ i l ib r ium s t a t e ,  where gases  ( e s p e c i a l l y  02) a r e  
absorbed.  T r a n s i t i o n  metal i o n s ,  such as i r o n  or  manganese, s h i f t  
t o  h i g h e r  ox ida t ion  s t a t e s  ( i . e . ,  Fez+ t o  Fe3+, Mn2+ t o  Mn3+, e t c . ) .  
F e r r i t e - s p i n e l s  c o l l e c t  on the  r e l a t i v e l y  cool  f l o o r  of the m e l t e r .  
When the  g l a s s  is  r ehea ted ,  oxygen s o l u b i l i t y  dec reases .  The slag 
on t h e  m e l t e r  bottom s t a r t s  t o  d i s s o l v e .  I n  the  reg ion  of t he  
d i s s o l v i n g  s l a g ,  the  i r o n  equ i l ib r ium s h i f t s  more toward t h e  lower 
o x i d a t i o n  s t a t e ,  reducing the  amount of oxygen r equ i r ed  t o  main- 
t a i n  e l e c t r o n e u t r a l i t y ,  and thus  f u r t h e r  i n c r e a s i n g  t h e  super- 
s a t u r a t i o n  of oxygen i n  the  g l a s s .  The d i s s o l v i n g  s l a g  r a p i d l y  
n u c l e a t e s  bubbles which can form a s t a b l e  foam. I f  t h e r e  i s  in- 
s u f f i c i e n t  d i s t a n c e  between the  molten s u r f a c e  
melter, t h i s  foam can c log  feed l i n e s  and s t o p  

There a r e  t h r e e  ways t o  prevent  t h i s  from 

( 1 )  Design the  melter so t h a t  any r e b o i l  foam 
melter f a i l u r e .  

and the  top of t he  
melter ope ra t ion .  

occu r r ing .  

w i l l  not cause 

(2 )  Operate  the  melter i n  such a manner t h a t  s l a g  cannot form, 
e i t h e r  by reducing t h e  p ropor t ion  of waste i n  the  g l a s s ,  o r  
by f l u s h i n g  the  melter with pure f r i t  be fo re  reducing the  
t empe r a t u r e. 

( 3 )  Never reduce the  melter temperature .a  

I t e m s  (1) and ( 2 )  w i l l  not prevent  r e b o i l ,  bur they w i l l  prevent  
i t  from being a s i g n i f i c a n t  o p e r a t i o n a l  problem. 

a .  The m e l t  temperature  may be r a i s e d  7 5 ° C  (max) wi thout  exper i -  
encing a s e r i o u s  foaming problem when  not^ feeding .  I f  r a i s e d  
>lOO"C, foaming is  a problem whether t he  me l t e r  is being fed 
o r  n o t .  
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4.5.5.4.4 Electrode Destruction 

During small-scale tests at SRL, three electrodes have been 
destroyed during the glass melting process. In all three cases, 
the current density on the electrode destroyed was greater than 
7 A/in.2, and the electrode was hotter than its partner. 
each case, gas evolution was observed from the electrode that was 
eventually lost. In each case, the electrode was partially recov- 
ered as spheres of metal, indicating that at least part of the 
electrode had me1 ted. 

In 

The mechanism for this destruction is not understood, but the 
The cause is probably excessive current density on the electrode. 

gas evolved (probably 02) could be due to electrolysis of the 
glass at the electrode, which is symptomatic of excessive current 
density [ 2 2 ] .  
electrodes so that high current densities are unnecessary to gen- 
erate sufficient power to melt glass. 

Obviously, this points out the need to design the 

4 . 5 . 6  Off-Gas Treatment (E. L. Wilhite, G .  B. Woolsey) 

4 . 5 . 6 . 1  General 

There are three primary sources of airborne radioactive 
releases to the environment from the DWPF: 1) off-gas generated 
during spray drying and vitrification, 2 )  vapor space purge of 
process vessels, and 3 )  the canyon atmosphere. 

During spray drying and vitrification, a vapor stream is 
evolved that contains both nonradioactive and radioactive pollu- 
tants. The vapor stream is composed mostly of steam and the 
inerts used to atomize the feed slurry into the spray dryer 
chamber. Several radioactive volatile species will be generated , 

during melting such as ruthenium and cesium. To a lesser degree, 
varying amounts of- iodine, 'technetium, selenium, tellurium, 
rubidium, and molybdenum wi1.1 be evolved. Corrosive species such 
as the alkali borates and halides will also be present. The 
principal nonradioactive constituents will be mercury vapor and 
mercury iodide. Various :abatement systems are employed to reduce 
the radioactive emissions to within.existing SRE' guidelines. 

Each canyon process vessel will'be purged with 50  scfm of 
canyon air to maintain the vapor space slightly-negative with 
respect to the canyon atmosphere 'pressure. These purges are COP 
bined and drawn through a process vessel vent filter prior to 
release to the sand filter. The vents from the product salt hold 
tanks, cesium vent scrubber and the general purpose evaporation 
module vessels are combined, super heated and vented to the 
atmosphere through HEPA filters. The vents from the saltcrete 
facility are handled similarly. 
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The canyon air atmosphere is combined with the treated spray 
dryer off-gas and the filtered vessel vent air and filtered 
through a deep-bed sand filter before being discharged to the 
atmosphere via a stack. Appropriate on!.ine instrumentation and 
stack air sampling facilities must be provided to monitor and 
audit the airborne radionuclide discharges to the environment. 

4 . 5 . 6 . 2  Process Description 

The off-gas treatment flowsheet (FS-6) and the material 
balance (MB-6) are shown in Figure 4.6 and Table 4 . 6 ,  respec- 
t ively . 

4.5.6.2.1 Spray Drying/Vitrification 

The temperature of the vapor stream leaving the spray dryer 
sintered metal filters is expected to be in the range of 300-35O'C. 
The material balance flowsheet is based on 350°C. A DF of 1000 
f o r  particulates is assumed to be attained across the sintered 
metal filters (recent tests with the type of sintered metal filter 
element to be used on the spray dryer that will be installed at 
TNX indicates that a coated filter may provide DF's as high as 
5000). 

. I  

.. 

The off-gas stream, composed principally of steam and inerts, 
enters an ejectorlventuri where it is cooled to 50°C by contacting 
cooled, circulating off-gas condensate (40'C). The vapor and 
condensate discharge into a collecting tank. 

Exiting the collection tank, the vapor stream is drawn suc- 
cessively through two, washable, deep-bed filters to reduce the 
particulate loading by at least 9 9 . 9 6 % .  An overall DF for vola- 
tile ruthenium of 400 is assumed for material balance purposes. 
No DF is taken for 12. The first deep-bed filter is operated at 
50°C. 
emissions to about 50 glday. Mercury that is condensed at the 
ejectorlventuri and the second deep-bed filter is accumulated and 
periodically drawn o f f  for purification and recovery (see Section 
4 . 5 . 7 ) .  Contents of the off-gas condensate tank are purged at a 
rate equal to the rate at which steam is condensed from the off- 
gas stream leaving the spray dryer. This purge is accumulated in 
a hold tank (recycle collection tank) and periodically transferred 
for subsequent evaporation in the recycle evaporator and reccvery 
of insolubles in the settling and filtration module. 

The latter is operated at 10°C to reduce mercury vapor 
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Exiting the latter deep-bed filter, the vapor stream is heated 
to 10°C above its dew point and then drawn through two silica gel 
beds in series to adsorb the volatile species of ruthenium. A DF 
of 100/bed is assumed for material balance purposes. 

The vapor effluent from the second silica gel bed is heated 
to 150°C and drawn through a silver mordenite (AgOZ) bed to reduce 
the iodine concentration in the vapor stream. A DF of 100 is 
assumed for material balance purposes. 

The vapor effluent from the iodine adsorber bed is cooled to 
<50"C prior to being combined with canyon air and filtered vessel 
vent air. Effluent from the sand filter is discharged to the 
atmosphere via a 200-ft stack. 

4.5.6.2.2 Vessel Vent System 

The vapor space in each canyon process vessel is maintained 
slightly negative with respect to the canyon atmosphere by drawing 
approximately 50 scfm (dry basis) of canyon air through the vessel 
overflow pipe. The purge from each vessel is combined and drawn 
through a deep-bed canyon filter. A DF of 1000 is assumed for 
entrained activity across the process vessel vent filter. 

4.5.6.2.3 Canyon Air 

The atmosphere in the process building canyon is maintained 
negative with respect to less-contaminated areas of the building 
by continuously purging the canyon air to the sand filter. Canyon 
air is combined with filtered vessel vent air and off-gas from the 
spray dryerfvitrification module prior to the sand filter. After 
being drawn through the sand filter, the filtered air is dis- 
charged to the atmosphere through a 200 ft stack. A DF for par- 
ticulates of 1000 is assumed across the sand filter. 

4.5.6.3 Technical Data 

4.5.6.3.1 Spray DryerIMelter 

The composition of the vapor stream leaving the sintered 
metal filters has not been fully defined. 
performed by the Engineering Services Division demonstrate that 
the composition of the off-gas is very.sensitive to spray dryer 
feed composition and the temperature of the off-gas at the point 
of equilibria (currently assumed torbe 'at the sintered metal 
filters). Results of  these studies are summarized below [231. 

Thermodynamic studies 
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0 Iodine is present mostly as I or I2 at equilibria tempera- : 
tures >627"C and as an increasing percentage of HgI2(v) as I 
the equilibria temperature falls below 627°C (at 327"C, the 
iodine exists essentially all as HgI2). Since the fate of 
iodine is so temperature sensitive and dependent upon the 
presence of mercury, the off-gas system must be able to handle 
all predictable species of iodine. High temperature excursions 
and/or the absence of mercury will greatly increase the rate of 
silver mordenite depletion. Material balance calculations are 
based on 1.0% HgI2 disassociation (350°C). 

e Mercury in excess of the iodine will be present as Hg(v) and 
trace amounts of HgO. 

Boron is present as H3B03(v) at 627°C and cooler. At about 
175"C, it will condense. 

The following DF's are assumed f o r  preparation of the material 
balance and the curie balance across the spray dryer off-gas 
treatment systems. 

Sintered Metal Filters Silica Gel Bed 
Particulates - 103 Particulate - 2  
Volatiles - 1  Volatile Ruthenium - lo2 

Iodine - 1  
Ejector/Venturi 

Silver Mordenite Bed 
Particulates - 2.5 
Iodine - 1  Particulates - 2  
Volatile Ruthenium - 1 Volatile Ruthenium - 1 

Iod i ne - 102 
Deep-Bed Filter 

Particulates - 50 
Volatile Ruthenium - 20 
Iodine - 1  

With the exception of HF, 12, and the volatile specie of 
ruthenium (RuO41, all volatiles condense as particulates across 
the wet scrubbing portion of the off-gas system. Consequently the 
stated DF's for particulates are applicable. 

4.5.6.3.2 Process Vessel Vent 

For purposes of material balance calculations, the vapor 
space of each canyon process vessel is purged with 50 scfm of 
canyon air. The canyon air enters the vessel at a dry bulb 
temperature of 35°C and a wet bulb temperature of 25.6"C. 
exit purge is assumed to have a dry bulb temperature of 35°C and 
a wet bulb temperature of 29.4"C. 

The 
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To compute the degree of entrainment in a vessel vent, an 
entrainment of gal/ft3 was used. This factor was based on 
observed entrainment in the vapor sweep exiting a fresh alkaline 
waste receiver (Waste Tank No. 35) in the 241-H tank farm. Ob- 
served entrainment was increased 200 fold to account for agitated 
vessels. Where the amount of entrainment is known to be signifi- 
cantly higher, as with the centrifuges, it is assumed that ade- 
quate de-entrainment systems will be provided to reduce entrain- 
ment to design bases or less. 

The combined vessel vents are to be heated to assure the 
vapor temperature is at least 10°C above the dew point to prevent 
condensation in the process vessel vent filter. 
assumed for particulates across the filter. 

A DF of lo3 is 

4.5.6.3.3 Volatile Components in Spray Dryer Off-Gas 

Ruth eni um 

Volatilization of ruthenium is not expected to be a problem 
in the spray dryer. However, it is anticipated that ruthenium 
volatility will be significant at the expected temperature (about 
1150°C) in the melter. Based on experiments completed at SRL, it 
is assumed that 10% of the ruthenium in the waste feed will vola- 
tilize. 

Cesium 

The cesium entering the melter is expected to volatilize as 
Cs20 and CsCl (the degree of volatilization is based on the 
reference surface area of the glass melt). Although a thermo- 
dynamics study indicates the Cs20 and CsCl will exist as 
particulates at the sintered metal filter temperature (350°C) and 
experience a DF of lo3  across the filters, the curie balance 
assumes no DF. Design volatilization - .05% of the cesium 
entering the melter. 

Mercury 

Mercury occurs in SRP waste from the use of Hg2+ catalyst 
during dissolution of aluminum-clad fuel in H Area. It is assumed 
that the mercury exists as HgO in the neutralized wastes. 
mercury is soluble and exists as Na[HgO(OH)]. All the mercury 
that enters the spray dryer/melter is volatilized as Hg. A frac- 
tion of the mercury will react with iodine depending upon the 
equilibria temperature (Design bases - 99.0% of the iodine reacts 
with Hg to form HgI2(v)). 

Some 
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Mercury h a l i d e s  condense as p a r t i c u l a t e s  i n  t h e  e j e c t o r /  
v e n t u r i  and are  recyc led  back t o  t h e  r e c y c l e  evapora tor .  

F luor ides  and Chlorides  

Chlor ide  and f l u o r i d e  v o l a t i l i z e  from g l a s s  melts as HC1 and 
HF i n  t h e  presence of  water vapor .  Laboratory s t u d i e s  (with t h e  
melter decoupled from t h e  spray  d rye r )  i n d i c a t e  t h a t  50% o f  t h e  
f l u o r i d e  and less than 10% of  t h e  c h l o r i d e  v o l a t i l i z e .  However, 
as ind ica t ed  by thermodynamic s t u d i e s ,  no HC1 and only 3.8% o f  
t h e  f l u o r i d e  ( a s  HF) w i l l  l e ave  i n  the spray dryer  off-gas .  The 
c h l o r i d e  and ma jo r i ty  o f  t h e  f l u o r i d e  react p r e f e r e n t i a l l y  with 
sodium and a r e  s o l i d s  a t  t h e  s i n t e r e d  metal f i l t e r  temperature  
(350°C). 

Sodium and Boron 

Sodium and boron v o l a t i l i z e  from sodium b o r o s i l i c a t e  g l a s s  
melts as sodium metaborate .  The sodium metaborate  subsequent ly-  
hydolyzes t o  form H3B03(V) and Na20(s) a t  t h e  r e f e r e n c e  s i n t e r e d  
metal  f i l t e r  temperature  (350°C). The r e f e r e n c e  process  assumes a 
NaB02 vapor i za t ion  r a t e  of  2.4 x l b / h r .  

Iod ine  

The r e f e r e n c e  flowsheet shows an i n s o l u b l e  iod ine  feed r a t e  
t o  t h e  DWPF of about 0 .23 l b / h r .  Of t h i s  amount, on ly  about 10% 
i s  a t t r i b u t e d  t o  f i s s i o n  product i od ine  (1-127, 1-129). Greater 
than  90% of  t h e  i o d i n e  inventory  i s  a t t r i b u t e d  t o  t h e  1-127 used 
by plutonium reduc t ion  processes  from 1953 t o  1963. Once t h e  
process  works o f f  t h e  c u r r e n t  waste inventory ,  t h e  iod ine  con ten t  
i n  t h e  feed w i l l  be  t h a t  o f  f i s s i o n  product i od ine  only.  

Iod ine  may e x i s t  i n  t h e  spray  dryer /mel te r  off-gas  as a 
mixture  of  HgI2, 12,  o r  I depending upon t h e  spray  dryer  
temperature  and t h e  amount of  mercury. A t  t h e  r e f e r e n c e  waste 
composition t o  t h e  spray  dryer  and an e q u i l i b r i a  temperature  of 
350"C, 1% o f  t h e  iod ine  w i l l  ex is t  as 12 o r  I .  

n 
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Other Radionuclides 

Other radionuclides that may volatilize include rubidium, 
molybdenum, tellurium, technetium, and selenium. Of these, Tc-99 
and Se-79 are of particular interest because of their long half- 
lives ( 2 . 1  x lo5 yr and 6.5 x lo4 yr, respectively). Essentially 
no data exists on the volatility of these radionuclides during the 
vitrification of SRP defense waste. It is assumed for material 
and curie balance purposes that 5 %  of each volatilize from the 
glass melter and enter the off-gas system. It is further assumed 
that these volatile species will condense as submicron particu- 
lates in the ejectos/venturi. 

4.5.6.3.4 Particulate Characterization of Off-Gas Stream 

Preliminary results from efficiency tests of the sintered 
metal filter to be used in the SRP spray dryer indicate a removal 
efficiency (based on 0.7lnicrometer-diameter particles) of 99.98%. 
This collection efficiency is based on the filter element being 
loaded as would be the case immediately prior to filter blowback. 
Based on PNL observations, a significant increase in total par- 
ticle loading downstream of the filters occurs immediately follow- 
ing blowback of the filter elements. For material balance pur- 
poses, the filters are assumed to remove 99.9% of the particu- 
lates generated during spray drying of the reference waste. 

During the first run of simulated SRP waste at PNL, particle 
size analyses were completed on the spray dryer off-gas. 
analysis was done on the vapor stream immediately downsteam of the 
sintered stainless steel filters. Table 4.39 summarizes the total 
particle and mass loading per actual cubic foot of off-gas vapor 
for four particle size ranges. The PNL spray dryer filters have a 
nominal ( 9 8 % )  particle removal rating of 6 5  micrometers. 

The 

The tests indicate that a large portion of the particles 
passed the filter immediately following the blowback and vibrator 
operation. 
tion indicated that only one-third of the particles observed dur- 
ing normal operation passed the filters. In addition, it was 
found that essentially no particles greater than 0.5 micrometer 
in diameter passed the filters when there were no filter blowback 
vibrator operations. 

A sample taken during no blowback or vibrator opera- 
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4.5.7 Mercury Recovery Facility (L. F. Landon) 

4.5.7.1 General 

. Approximately 1.2 lb of metallic mercury will be condensed 
each hour from the off-gas vapor stream and accumulate in the off- 
gas condensate collection tank. The mercury will most likely be 
as a sludge and will require further cleaning before it is of a 
purity suitable for reuse in the separations process and/or stor- 
age. 

4.5.7.2 Process Description 

Figure 4.6A is a schematic drawing of a conceptual mercury 
recovery process. The mercury that accumulates in the off-gas 
condensate tank will be intermittently pumped to a mercury hold 
tank through a backwashable filter to remove the majority of 
solids occluded to the mercury. Periodically, the filter cake 
will be dislodged from the filter and pumped back to the recycle 
evaporator via the off-gas condensate tank for recycle to the 
process. 

The filtered mercury, on a batch basis, will be pumped to the 
top of a column containing 10% "03. 
fall by gravity through the acid and overflow a barometric leg to 
a sparge tank. Particulates, not removed by the initial filtra- 
tion step, that are soluble will be removed from the mercury. 
Periodically, the nitric acid will be pumped from the column, 
neutralized, and recycled back to the off-gas condensate collec- 
tion tank. 

The formed droplets will 

In order to remove contaminants such as iron and aluminum, 
the acid-washed mercury will be sparged gently at room temperature 
to oxidize the contaminants. After sparging is complete, the mer- 
cury is filtered through another backwashable filter to remove the 
formed oxides. Final cleanup of the mercury is achieved by vacuum 
distilling the mercury and bottling the condensed overheads. 

4.5.7.3 Physical Properties of Mercury 

Density - 13.59 g/cm3 
Boiling Point - 356.66"C at 760 torr 
Viscosity - 1.407 cp at 50°C 
Vapor Pressure - See Figure 4.37 
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4 . 5 . 7 . 4  SRL Experience 

Mercury t h a t  i s  used i n  l a b o r a t o r i e s  throughout t h e  SRP t h a t  
i s  no longer  of  s u i t a b l e  p u r i t y  i s  sen t  t o  the  Apparatus and 
Glassblowing Shop i n  773-A  f o r  reclaiming.  
f a c i l i t y  i s  housed i n  a v e n t i l a t e d  g l a s s  hood approximately 2 f t  
deep x 4 f t  wide x 5 f t  h igh .  Recovery ra te  averages about 6 l b  
Hg/hr. 

The mercury reclaiming 

The mercury i s  f i r s t  f i l t e r e d  through f i l t e r  paper shaped 
i n t o  a cone wi th  s e v e r a l  0.5- h o l e s  punched i n  t h e  bottom. The 
f i l t e r e d  mercury i s  then poured i n t o  a s epa ra to ry  funnel  which 
d i s p e r s e s  t h e  mercury i n t o  an ac id  wash column con ta in ing  10% 
"03. 

Af t e r  a c i d  washing, t h e  mercury i s  t r a n s f e r r e d  t o  an o x i f i e r  
i n  which a i r  i s  bubbled through t h e  mercury f o r  1 hour .  Af t e r  
o x i f i c a t i o n ,  t h e  f i l t r a t i o n  s t e p  i s  repea ted .  The s o l i d s  removed 
dur ing  t h i s  f i l t r a t i o n  s t e p  a r e  subsequent ly  t r e a t e d  wi th  "03 
f o r  mercury recovery.  

The f i l t e r e d  mercury i s  then in t roduced  i n t o  a vacuum d i s t i l -  
l a t i o n  appara tus  ( see  F igure  4 . 3 8 ) .  The s t i l l  ope ra t e s  a t  a pres-  
s u r e  o f  about 5 x lo'* t o r r  (Hg b .p .  - 192" + 2 ° C ) .  The recovered 
mercury i s  s to red  i n  l - l i t e r  b o t t l e s  (about  TO l b  of  Hg /bo t t l e ) .  

4 . 5 . 8  Recvcle Concentrat ion 

4 . 5 . 8 . 1  General 

An evapora t ion  s t e p  i s  included i n  t h e  r e fe rence  flowsheet t o  
(1 )  remove excess  water  from d i l u t e  r ecyc le  streams t o  main ta in  
t h e  s a l t  concen t r a t ion  i n  t h e  g r a v i t y  s e t t l e r  feed a t  about 30 w t  
%,  ( 2 )  t o  reduce the size of supernate processing equipment, and 
( 3 )  provide t h e  f i r s t  s t a g e  of  decontamination of process  water .  
The f lowsheet  (FS-7) and m a t e r i a l  ba lance  (MB-7) a r e  shown i n  
F igure  4 . 7  and Table 4 . 7 ,  r e s p e c t i v e l y .  

4 . 5 . 8 . 2  Process  D e s c r i m i o n  

Process  streams t h a t  a r e  p r e s e n t l y  cand ida te s  f o r  evapora t ion  
are combined i n  the  evaporator  feed tank .  These streams inc lude :  

a Condensate purge from t h e  cesium concen t r a to r  

a Centra te  from t h e  sludge-washing c e n t r i f u g e s  

0 Of f-gas condensate 
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e Aluminum dissolver condensate 

e Ion exchange transfer water 

8 Canyon sump contents 

8 Sand filter and stack condensate 

0 Laboratory waste 

Contents of the cesium regenerant catch tank (spent cesium ion 
exchange regenerant after NH3 removal) 

e Excess water from the cesium fixation module 

e Bottoms from the general-purpose evaporator 

e Deionizer purge 

8 Spent canister decontamination solutions and water rinses from 
Mechanical Cell A 

The feed will be concentrated t o  about 35 wt X salt. Evapo- 
rator concentrate is transferred to the gravity settler feed tank 
for recovery of the solids. Overheads are transferred t o  the gen- 
eral-purpose evaporator feed tank for additional decontamination. 
A DF of lo6 is assumed across the evaporator/de-entrainer (con- 
centration in the evaporator concentrate/the concentration in the 
evaporator condensate). 

4.5.9 Settling and Filtration (E. J. Weber) 

4.5.9.1 General 

The purpose of this section is to present the process details 
and technical data bases for reducing the suspended matter in feed 
to ion exchange to 1 ppm or less. It is estimated that feed to 
this module will nominally contain 6000 to 7000 ppm of sludge. 
Essentially complete sludge removal is desired to provide: 

e Operation of the ion exchange columns for cesium, plutonium, 
and strontium removal without pluggage or fouling. 

e Removal of the highly insoluble Sr-90 to produce an acceptable 
clarified supernate for subsequent incorporation into concrete. 
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4.5 .9 .2  Process  Descr ip t ion  

The superna te  stream from t h e  waste tanks  i s  blended with 
recyc led  evaporator  concen t r a t e  and sand- f i l t e r  backwash t o  form 
t h e  feed t o  g r a v i t y  s e t t l e r s .  The decanted superna te  i s  blended 
with z e o l i t e  r a f f i n a t e  and fed success ive ly  through a primary, 
No. 1, sand f i l t e r ,  and ( 3 )  a p o l i s h ,  o r  No. 2 ,  sand f i l t e r  t o  
reduce t h e  concent ra t ion  of  s ludge t o  1 ppm or  less .  A flow 
diagram (FS-8) i s  shown i n  Figure 4.8,  and a material  ba lance  
(MB-8) i s  shown i n  Table 4.8. 

Blended feed i s  hea ted ,  then t r a n s f e r r e d  t o  one of  two 
g r a v i t y  s e t t l e r  (GS) t anks .  A small q u a n t i t y  o f  coagulant  i s  
added t o  agglomerate t h e  c o l l o i d a l  p a r t i c l e s  i n t o  l a r g e r ,  f a s t e r -  
s e t t i n g  masses. After  per iods  of  h igh  speed, moderate,  then 
g e n t l e  mixing, a g i t a t i o n  i s  stopped and t h e  agglomerates allowed 
t o  s e t t l e .  The c l e a r  t op  l a y e r ,  r ep resen t ing  most of  t h e  feed 
volume, i s  then  decanted. The bottom sludge l aye r  i s  l e f t  fo r  
r e s e t t l i n g  with t h e  next  feed ba tch .  After  s e v e r a l  ba tches  of  
feed s l u r r y  are rece ived ,  s e t t l e d ,  and decanted,  t h e  accumulated 
s ludge i s  a g i t a t e d  and t r a n s f e r r e d  t o  t h e  g r a v i t y  s e t t l e r  bottoms 
tank . 

Decanted superna te  from t h e  GS i s  cooled t o  less than  25°C. 
Z e o l i t e  r a f f i n a t e  i s  blended wi th  t h e  decanted superna te .  Poly- 
e l e c t r o l y t e  s o l u t i o n  a t  0.05 gpm/ft2 i s  added t o  t h e  cooled 
superna te  v i a  a mixing tee j u s t  be fo re  t h e  superna te  reaches  t h e  
No. 1 sand f i l t e r .  
F i l t r a t e  i s  c o l l e c t e d  i n  t h e  f i r s t  f i l t r a t e  tank .  

To ta l  flow t o  t h e  f i l t e r  i s  1 .2  gpm/ft2. 

When t h e  No. 1 sand f i l t e r  loads up  with suspended matter 
( 3  p s i  AP max), t h e  sand f i l t e r  i s  backflushed wi th  f i l t r a t e  from 
t h e  f i l t r a t e  hold tank.  The backwash i s  t r a n s f e r r e d  t o  t h e  
g r a v i t y  se t t le r  feed tank v i a  t h e  f i l t e r  backwash tank for t r e a t -  
ment i n  t h e  g r a v i t y  se t t le r .  

P o l y e l e c t r o l y t e  i s  added t o  t h e  No. 1 sand f i l t e r  f i l t r a t e  as 
above, j u s t  be fo re  i t  reaches  t h e  No. 2 sand f i l t e r .  F i l t r a t e  
from sand f i l t e r  No. 2 i s  c o l l e c t e d  i n  t h e  second f i l t r a t e  tank 
and sampled f o r  v o l  X suspended matter. 
t h e  f i l t r a t e  i s  t r a n s f e r r e d  t o  t h e  f i l t r a t e  hold tank fo r  ion- 
exchange feed .  Out-of-spec f i l t r a t e  i s  recyc led  t o  t h e  sand 
f i l t e r  feed tank .  When r equ i r ed ,  t h e  No. 2 ' f i l t e r  i s  backflushed 
t h e  same as No. 1 f i l t e r .  

I f  i t  i s  1 ppm or  less ,  
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4.5.9.3 Technical  Data 

4.5.9.3.1 Gravi ty  S e t t l i n g  

The ob jec t ive  of g r a v i t y  s e t t l i n g  i s  t o  serve  as a p r e t r e a t -  
ment f o r  sand f i l t r a t i o n  t o  reduce the  load of s ludge t h a t  must be 
removed i n  t h e  sand f i l t e r s .  Without g r a v i t y  s e t t l i n g ,  t he  f i l t e r s  
would be ab rup t ly  clogged, te rmina t ing  the  f i l t e r  run.  In  addi- 
t i o n ,  p r o h i b i t i v e  q u a n t i t i e s  of backwash r equ i r ing  r ecyc le  would 
be produced. The g r a v i t y  s e t t l i n g  t reatment  must remove suspended 
matter i n  superna te  t o  50 ppm o r  less t o  ob ta in  an acceptab le  sand 
f i l t e r  ope ra t ing  cyc le  0 2 4  h r s )  without  p r o h i b i t i v e  backwashing 
requirements and thus przduce acceptab le  r ecyc le  q u a n t i t i e s  i n  the  
sand f i l t e r  backwashes. This i s  seen i n  the  4-inch diameter  sand 
f i l t e r  r e s u l t s  of Figure 4.39. With 40 ppm of sludge i n  the  grav- 
i t y  s e t t l e r  product ,  the  f i l t e r  can produce acceptab le  f i l t r a t e  
product for almost 48 h r  before  a rap id  r i se  i n  f i l t e r  p ressure  
drop concludes the  run.  With 150 ppm of s'ludge i n  t h e  GS product ,  
only about 1 2  h r s  of f i l t r a t e  product ion is  obtained before  exces- 
s i v e  p re s su re  drop d i c t a t e s  backwashing. The same quan t i ty  of 
f i l t e r  backwash i s  requi red  i n  both cases ,  so t h a t  the  b e t t e r  
q u a l i t y  GS product r e s u l t s  i n  about one-fourth the  recyc le  volume. 
50 ppm of s ludge has t he re fo re  been se l ec t ed  as the  des i r ed  upper 
l i m i t  i n  GS product.  

Glassware S tud ie s  

D e s t a b i l i z a t i o n  of the  c o l l o i d a l  hydrous oxides suspended i n  
s e t t l e d  o r  cen t r i fuged  superna te  i s  e s s e n t i a l  t o  accomplish the 
s e t t l i n g  i n  reasonably-sized v e s s e l s .  According t o  Kolthoff and 
Sandel l  1261, coagula t ion  of suspensions of c o l l o i d a l  hydrous 
f e r r i c  oxide and e s p e c i a l l y  the  agglomeration of primary p a r t i c l e s ,  
is g r e a t l y  acce le ra t ed  by r a i s i n g  the  temperature of the s o l u t i o n .  
This  was confirmed i n  glassware s t u d i e s .  Agglomeration i s  accom- 
p l i shed  by hea t ing  the  c e n t r a t e  t o  temperatures of 60 t o  100°C 
us ing  very g e n t l e  a g i t a t i o n .  When the  c e n t r a t e  reaches 60 t o  
65"C, p a r t i c l e s  l a r g e  enough t o  observe with the  unaided eye (80 
t o  100 micrometers)  become v i s i b l e .  Agglomeration reaches i t s  
maximum a f t e r  20 t o  30 minutes without  mechanical a g i t a t i o n ,  bu t  
with the  requi red  g e n t l e  a g i t a t i o n  suppl ied  by thermal convection 
generated at  t h e  h igher  temperatures .  A t  t h i s  p o i n t ,  cool ing  t o  
temperatures  below 45°C reduces thermal c u r r e n t s  and al lows more 
r ap id  s e t t l i n g  of t he  agglomerates.  

F igure  4.40 shows t h a t  hea t  alone agglomerates suspended 
matter t o  produce a fas ter  s e t t l i n g  ra te .  Beth Samples "A" and 
"B" were taken from the  same c e n t r a t e  batch which contained 0 .70  
v o l  %, o r  7000 ppm, of suspended m a t t e r .  The agglomerates t h a t  
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mostly settled out, and relatively clear supernate is seen in the 
heated sample after 16 to 25  minutes. It took the unheated con- 
trol 12 times as long to settle to the same quantity of suspended 
matter in supernate 1 2 7 1 .  

Using Flojela 60 (National Starch and Chemical Corp.) corn- 
starch derivative as a coagulant proved to be a second method of 
destabilizing the colloidal suspension. Starch was tested after 
SRL learned of its use in the chemically similar Bayer process for 
destabilizing colloidal red mud, with subsequent removal of these 
impurities from caustic sodium aluminate solution. The red mud 
consists of hydrous oxides of iron, silicon, and titanium which 
must be separated for recovery of pure alumina from bauxite. 
Similar to defense waste supernate, the impurities are suspended 
in a highly conductive solution containing several percent free 
sodium hydroxide and several molar sodium ion. A number of poly- 
electrolytes, normally effective in agglomerating impurities from 
raw water, were tried without success on the supernate. 

With both heat and the starch coagulant, larger and tougher 
agglomerates are produced than with heat alone. Figure 4.41 
illustrates the destabilization of suspended matter in composite 
centrate using heat and coagulant. The two samples shown were 
from the same centrate batch which contained 2000 ppm (0.20 vol % )  
suspended matter. 50 ppm of Flojela 60 was added to the treated 
sample prior to heating it for 1 hr to 80°C with gentle agitation. 
It was removed from the heat and allowed to settle for about one 
minute when the photo was made. The unheated control sample was 
agitated and had been settling for 1 hr at the time. 

Figure 4.42 shows quantitative effects of heat and coagulant 
addition on supernate quality. Using composite centrate contain- 
ing 2000 ppm suspended matter in 4-liter containers, samples were 
taken 4 in. beneath the liquid surface at designated times and 
treatment conditions. With neither heat nor starch, there is 
little settling in 1 hr, as the samples show no change from the 
feed concentration. With heat alone, visual agglomeration is con- 
firmed by the decrease to less than 300 ppm suspended matter in 1 
hr. With addition of as little as 5 ppm of starch, suspended 
matter in the samples was reduced to about 100 ppm in 10 minutes. 
Concentrations of 'starch up to'200 ppm did not change the settling 
rate significantly. 

Mini-scale glassware tests showed that the GS operations are 
best performed batchwise in a single vessel to minimize pumping 
and flows that fracture the agglomerates. Continuous gravity set- 
tling produces smaller and slower settling agglomerates, results 
in poorer quality supernate, and introduces a sludge layer control 
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problem in the continuous settler. Detection and control of the 
sludge layer would be very difficult in the remotely operated 
canyon. On the other hand, all batch tank operations of agglomer- 
ation, settling, decanting, and sludge removal have been performed 
for years in routine F and H canyon operations. 

700-Gallon Semiworks Studies 

Following these glassware studies, seven 700-gallon test runs 
were made using salt compositions specified in the PTDS No. 1 
flowsheet. This earlier flowsheet did not include aluminum 
dissolution and consequently contained less free caustic (see 
Tabie 4.40 for salt concentrations). Semiworks Tank A-6, 5-ft 
diameter x 6-ft high was used in this study of GS variables. The 
A-6 tank is about 1/15 the size of the anticipated GS plant vessel. 

Feed batch volumes were 715 to 740 gallons of "average" or 
composite" centrate containing 4000 to 8500 ppm of suspended 

matter. Test procedure was to add the starch in a pre-mixed 8% 
aqueous dispersion to the agitated tank contents. The slurry was 
heated with steam to the tank coils during the mixing period. 
After mixing periods of up to one hour, the agglomerating par- 
ticles were allowed to settle over the next 3 to 8 hours with 
cooling water to the tank coils. The clear supernate was then 
decanted via a 314-inch suction pipe and exterior pump to stain- 
less drums. Decanting was completed when the liquid level was 
reduced to the height of the upturned weir of the suction pipe. 
At this time, the settled sludge on the tank bottom was covered 
with an undecanted layer of clear supernate some 4 to 8 inches 
high. The agitation was turned on and the resulting slurry, with 
10 to 15% of the starting feed volume and 98% of its sludge, was 
pumped to waste. The decanted supernate product was subsequently 
treated in the 4-inch diamter sand filter studies as described 
later. 

11 

The test data are shown in Table 4.41. Runs 1 to 3 were made 
by first adding starch to the cold centrate, then heating. Be- 
cause of the desire to avoid heating in a cooled and jacketed 
plant settler (whereby heat would be added in an upstream tank), 
Runs 4, 5, and 7 were made by first heating with agitation, then 
shutting off steam and adding starch with 1 hr of agitation. The 
agglomerating particles were then settled and the run continued in 
normal fashion. Run 6 was made as above, except without any heat 
addit ion. 

Further 700-gallon test Runs, 8 and 9, were made using a 
high-caustic flowsheet as a consequence of changing the reference 
process to include aluminum dissolution of waste tank sludge. 
Glassware studies indicated higher temperatures were essential 
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for acceptable settling in the high-caustic supernate. Conse- 
quently, the large-scale followup tests made in Tank A-6 were 
conducted at maximum temperatures between 9 0  and 100°C, as shown 
in Table 4.42. 

Figure 4.43 relates supernate quality and settling time for 
all the 700-gallon runs. Results indicate the desired maximum of 
50 ppm or less of sludge in supernate feed to sand filters is 
attained at a settling time equivalent to a 10 in./hr rate. The 
latter appears to be optimum because allowing longer settling 
times, or shorter equivalent settling rates, produces smaller 
quality improvement. No difference is noted in product quality 
attained in the higher caustic supernate. 

Figure 4.44 is a photograph of samples obtained from the 
initial 700-gallon GS run. The sample at the left is the decanted 
supernate which contains about 150 ppm, or 0.015 vol % suspended 
matter. The middle sample is the feed centrate containing 4000 
ppm suspended matter. The sludge sample at the right contains 2.5 
vol % suspended matter. All suspended matter determinations were 
made by centrifuging at 10,000 g for 3 minutes. 

Large-Scale Studies 

Large-scale GS studies were continued in Semiworks Tank W-2, 
a. nominal 6000-gallon capacity flat-bottomed unit, 10-ft OD by 
ll-ft high flat bottom. The tank is equipped with a variable- 
speed agitator, baffles, and coils. A 2-in.-diameter standpipe, 
10 in. high is mounted on the tank bottom for decanting the clear 
supernatant liquid with the W-2 pump to the filter feed tank. The 
semiworks W-2 vessel is approximately one-half the size of the 
anticipated plant GS tank. Length-to-diameter ratios of the 
filled test and plant units are both about equal to unity. Figure 
4.45 is a scaled drawing of the W-2 GS tank. 

Ten large'scale G S  runs were made. The procedure was similar 
to the 700 gallon study except: 

0 Product decant rate with the W-2 pump was 125-130 gpm or some 
12 times greater than the 700-gallon scale. 

0 High caustic (see Table 4.40) and intermediate caustic flow- 
sheets were used. Intermediate flowsheet concentrations of 
caustic (0.99 MI, sodium aluminate, (0.48 M) and total sodium 
ion (5.3 M) represent minimal addition of caustic in the 
Al-dissolving process. 
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e Variab le  mixing speeds using f l a t  paddles  were employed, as 
compared wi th  s ingle-speed,  high shear  a g i t a t i o n  using a 
propel le r - type  mixer i n  t h e  700-gallon work. An e f f e c t i v e  
combination of  mixing speeds i n  t h e  b a f f l e d  W-2 tank was 
20 minutes o f  h igh - in t ens i ty  a g i t a t i o n  ( 5 0  rpm) ,  dur ing  which 
8% s t a r c h  was added t o  t h e  preheated s l u r r y ,  followed by 
10 minutes a t  30 rpm, and 60 minutes a t  6 rpm. The a g i t a t o r  
was then  turned o f f  t o  a l low agglomerates t o  se t t le .  

e Severa l  o f  t h e  runs  w e r e  made us ing  t h e  technique of leav ing  
t h e  undecanted s ludge f o r  r e s l u r r y i n g  and r e s e t t l i n g  with t h e  
next  feed ba tch .  I n  t h e  700-gallon runs ,  t h e  s ludge  layer  w a s  
removed be fo re  t h e  next feed ba tch  w a s  in t roduced .  When r e s l u r -  
r i n g ,  s t a r c h  was added fo r  t h e  new sludge only ,  s i n c e  t h e  
r e s l u r r i e d  s ludge  had a l r eady  rece ived  s t a r c h .  

Objec t ive  of  t h e  l a t te r  tes t s  w a s  t o  demonstrate  a decrease  i n  
GS bottoms volume recyc led  t o  s ludge washing. 
undecanted l aye r  wi th  s ludge  from a d d i t i o n a l  feed ba tches ,  volume 
recyc led  t o  t h e  washers should be  reduced below t h e  nominal 10% 
ob ta inab le  when r ecyc l ing  a s i n g l e  s ludge  ba tch .  It is assumed 
t h a t  t h e  he igh t  of  c l e a r  superna te  i n  t h e  undecanted l aye r  i s  t h e  
same as f o r  a s i n g l e  s ludge  ba tch  and t h a t  t h e  decant  pump o r i f i c e  
i s  r a i s e d  t o  accommodate m u l t i p l e  s ludge  ba tches .  A second f e a t u r e  
i s  t h a t  s a l t  i s  d i sp l aced  by s ludge  i n  t h e  thickened r ecyc le .  Both 
f e a t u r e s  improve feed c h a r a c t e r i s t i c s  t o  s ludge washing where s a l t  
removal i s  t h e  o b j e c t i v e .  

By th ickening  t h e  

Resul t s  o f  t h e s e  la rge-sca le  tes ts ,  Table  4 .43 ,  show c l eane r  
decanted product i s  obta ined  a t  f a s t e r  s e t t l i n g  and wi th  less 
bottoms r e c y c l e  than ear l ie r  small-scale r e s u l t s .  Use of reduced 
temperatures  ev iden t ly  reduces s ludge i n  decanted product ,  probably 
because of  water evapora t ion ,  supe r sa tu ra t ion ,  then post  p r e c i p i t a -  
t i o n  occur r ing  a t  h igher  temperatures .  
s ludge  i s  found i n  decanted superna te .  Corresponding s e t t l i n g  
t i m e s  are  equiva len t  t o  20-25 i n . / h r  s e t t l i n g  ra tes .  
r e c y c l e  volume wi th  t h e  s ludge  r e s l u r r y i n g  and r e s e t t l i n g  technique 
(Funs 1-31 i s  7.9%. Use of  t h i s  technique  has  no apparent  i l l  
e f f e c t s  on product q u a l i t y  o r  s e t t l i n g  ra te .  I n  f a c t ,  r e s u l t s  
i n d i c a t e  t h e  increased  s ludge  q u a n t i t y  p re sen t  may produce a 
scavenging e f f e c t  on t h e  p a r t i c l e s  most d i f f i c u l t  t o  s e t t l e .  

A t  35-45"C) less than  25 ppm 

Demonstrated 
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4.5.9.3.2 Sand Filtration 

The objective of sand filtration is to remove the small quan- 
tity of suspended matter (50 ppm or less) remaining in supernate 
after GS treatment via deep-bed filtering. Sand filtration is a 
part of the conceptual process because of the successful results 
obtained in small-scale studies performed at the semiworks and in 
the high-level caves. In the latter tests already referred to, 
actual plant waste supernates and sludges were blended, then sepa- 
rated in a series of two centrifuge runs, followed by sand filter 
clarification. Centrate feeds containing 500 to 2000 ppm of sus- 
pended matter were clarified to less than 100 ppm of suspended 
matter [241. The sand-filtered supernate was subsequently proc- 
essed in ion exchange columns, producing a final clarified super- 
nate with about two nanocuries or less of Sr-90 per gram of damp 
salt cake [251. 

4-Inch-Diameter Filter Studies 

The sand filters are fed downflow and backwashed upflow in 
a dual-media (anthracite/sand) bed. In depth filtration, larger 
particles are arrested first, followed by removal of the smaller 
particles in the deeper portions of the filter media. As the fil- 
ter loads with suspended matter, filtration resistance increases, 
and the filter must eventually be backwashed to remove the parti- 
culates and recycle them for treatment in GS. Figure 4.47 shows 
photographs taken during the various operations. At left, the GS 
supernate product ( 5 0  ppm suspended matter) can be seen flowing 
downward through the layers of anthracite/sand at a rate of 1.2 
gpmIft2, equivalent to a superficial velocity of 2 in./min. 
Fluidization of the filter media during backwash is shown in the 
middle picture. 
respectively, is being-used to free the arrested particulate from 
the filter media and float it out the top of the column. The 
picture at right in Figure 4.47 was taken about 5 minutes after 
backwashing was completed. The sharpness of the anthracite/sand 
interface that occurs on resettling can be observed in this pic- 
ture. 

An air-water mix of about 2 cfm-5 gpm per ft2, 

The reference process is to filter GS supernate product 
through a primary (or No. 1) bed of anthracite (700-micrometer 
average diameter).and 25- to 40-mesh sand (490 micrometer average 
diameter), and then refilter the primary-filtrate through a pol- 
ishing bed of anthracite (400-micrometer average diameter) and 40- 
to 60-mesh sand~(270lnicrometer’average diameter). By comparison, 
high-level cave sand filtration was performed directly on second- 
ary centrate (no GS treatment) in a series of two 4-in.-diameter 
columns, each containing 24 in. of 25- to 40-mesh sand and 8 in. 
of 20- to 30-mesh, 700-micrometer average diameter, anthracite 
1241. 
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The GS composite supernate from the high caustic flowsheet 
runs were also tested in the 4-in.-diameter primary sand filter. 
No filtration problems were indicated. Performance was essen- 
t i a l l y  the same as that obtained with the lower caus t i c  f lowsheet .  
Figure 4.48 shows (1 )  the increase inAP, and (2) color migration 
down the 24 in. of sand, both with increasing volumes of feed 
slurry containing 40 ppm of sludge. The brownish-red color front, 
caused by the arrested sludge particles, was visually observed 
through the glass column walls, and this movement was plotted in 
Figure 4.48. In all cases, volume % sludge in filtrate was less 
than 3 ppm. Presumably, sludge breakthrough would occur when the 
color had migrated the entire 24-in. sand depth. It appears under 
the conditions tested that excessiveAP would conclude the filter 
run before such a depth of color migration was reached. 

Table 4.44 summarizes performance at the semiworks with the 
4-in.-diameter (roughly 1/200-plant scale) filter, using composite 
GS product from the initial low-caustic flowsheet. The data pre- 
sented in Table 4.44 is an average for the feed cycle over several 
backwash cycles. Conditions for feeding and backwashing include 
addition of (1) high-molecular weight anionic polyelectrolyte in 
feed to the filters and, ( 2 )  air in the backwash cycle used to 
clean the filters. The GS supernate was reduced from 50 to 5 ppm 
of suspended matter across 24 in. of sand and 8 in. of anthracite 
in the primary filter. In the polishing unit, refiltration across 
18 in. and 3 in., respectively, of the finer sand and anthracite 
produced filtrate containing 1 ppm of 'suspended matter. 
design basis for filtrate quality is met in the polish sand filter 
product when processing the synthetic supernate from "composite" 
s lurry . 

Thus, 

Based on results shown in Table 4.44 and Figure 4.48,fU in- 
crease across the primary sand filter will approximate 1 psi for 
24 hours of filtrate production with feed of 50 ppm sludge or less 
for GS. An upper limit for t h e m  rise of 1 to 3 psi is consist- 
ent with industrial water purification practice where a maximum 

AP rise of 3.5 psi is used t o  avoid penetration of arrested matter 
through the filter media and into the effluent [ 2 8 ] .  

Filtrate production of 24 hours through the primary bed re- 
sults in a backwash volume of about 5% of the feed volume. This 
recycle rate has been arbitrarily selected as a satisfactory goal 
that is within indicated capabilities of GS processing. Because 
the polishing filter removes a fraction of the sludge removed by 
the primary unit, the AP rise, backwash frequency, and recycle 
volume should be even smaller through the polishing unit. For 
flowsheet calculations, the 5% recycle rate was used for each of 
the two filters. 
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Large-Scale Sand Filter Studies 

A one-eighth-scale sand filtration facility, Figure 4 .49 ,  
featuring 17.25-in. I.D. columns was built to process large-scale 
GS products. Filtration through coarse, then fine media (same bed 
depths and particle sizes as before) was started after receipt of 
the initially decanted GS batch in the sand filter feed tank. 
Filtration was continued until all GS product was depleted.. 

Four GS-sand filter runs were made. Sand filter feed cycle 
results, presented in Table 4 .45 ,  confirm earlier small-scale work 
in that acceptable filtrate quality and pressure drops were demon- 
strated. Solids in final filtrate averaged about 1 ppm or less 
according to analysis of hourly samples from the four runs by the 
Coulter Counter. Spot checks for centrifugable sludge (10,000 g/s 
for 3 min) revealed 1 ppm when the two filters were operated in 
series and each received the Versa TL@ 700 polymer (Runs 3 and 4 ) .  
Under these conditions, turbidities of 0.07 JTU also showed good 
duplication of small-scale work. 

In Run 4 ,  filtrate quality was maintained during an interrup- 
tion that will routinely occur in plant operation. After 31.7 
hours of continuous feed, the primary column was backwashed. 
Following this backwash, feed addition was resumed and polishing 
column product continued well below 1 ppm, despite upset of the 
primary column caused by the backwashing. An important design 
function of the second bed is to maintain product quality during 
such temporary upsets of the first bed. 

Pressure drop in the primary bed while feeding during Run 4 
is shown in Figure 4.50 .  The filtration of an average 35 ppm 
sludge required about 32 hr at 1.38 gpm/ft2 to reach a A P  rise 
of 1.2 psi (vs 3.0 psi plant max). At a design feedrate of 1.2 
gpm/ft2, a feed cycle of 36.4 hours is calculated, a satisfactory 
margin over design basis feed cycle of 24 hours. 
the polishing bed was less than 0.5 psi during the 32-hour feed 
period . 

AP rise across 

Three sand -filter backwash runs were made following the 
corresponding GS-sand filter feed runs. In this initial large- 
scale test work, objective of backwashing was to determine 
relative quantities of sludge arrested in the two beds. The 
results from Table 4 .46 ,  Run 1 (which was made with parallel feeds 
to the two columns), show a 7 4 / 2 6  split in primarylpolishing 
filters. This is about as expected because the respective ratio 
of clean bed h e ’ s  is 0 . 8 / 2 . 2 ,  and most flow should go through the 
primary bed with srnallerAP. Average for Runs 2 and 3 ,  fed in 
series to primary then polish filters, shows 90% of the sludge was 
arrested in the primary column. This is also about as expected 
from small-scale experience. 
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To demonstrate efficient large-scale backwashing and minimize 
recycle, three full-sized Roto-Scour@ (Grover Water Conditioning 
Co.,  Union, N. J.) air distributors have been installed on each of 
the two columns. Testing is under way. The reference backwashing 
cycle consists of these steps: 

1. Drain excess supernate 5 minutes 

2. Air sparge at 4 scfm/ft2 10 minutes 

3 .  Resettle filter bed 5 minutes 
4. Backwash wich polishing bed 

filtrate at 15 gpm/ft2 5 minutes 

5. Resettle filter bed 5 minutes 
6. Restart filter feed --- 

Filter Media Service Life 

The eventual disposal of the filter media will be required 
because of (a> the gradual dissolution of the media and resultant 
loss of particulate removal efficiency, (b) irreversible radio- 
nuclide or other particulate adsorption, or ( c )  failure for any 
reason t o  backwash to initial clean AP or adsorption efficiency. 
Facilities will be provided for jetting the media to sludge wash- 
ing after a final backwash t o  GS, then 1M NaOH fluidization to 
enable the jet transfer to take place. Facilities to acid wash 
the media will also be provided for decontamination of excessive 
radioactivity, mudball dissolution, or clean AP restoration as 
necessary. 

A 

At temperatures below 25"C, use of the same primary sand 
filter media in the 4-in.-diameter column over a period of 6 
months' submergence (about 15% operating time) has shown no de- 
tectable loss in particulate removal efficiency. Recovery of the 
initial clean-bed AP has been complete after each backwash (this 
assumes that air is used for backwashing and polyelectrolyte has 
been added with the feed). 
sand in both the low-caustic and high- caustic supernates, no 
detectable Si (<1 ppm) was found in the filtrate at operating 
temperatures below 30°C. In low-caustic supernate at 60"C, 26 
parts Si02 per million parts supernate dissolved in 15 minutes, 
the average bed contact time. Tests with high-caustic supernate 
showed no detectable Si02 dissolution at temperatures below 30 to 
40°C.  Facilities should therefore be provided to maintain sand 
filter feed temperatures below 25°C. 

In studies to determine solubility of 
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Stock Solution Viscosities 

Viscosities of the polymer stock solutions for GS as well as 
sand filter treatment are included in Table 4.47 .  Viscosities 
were measured at several spindle speeds with a Brookfield Model 
RVT viscometer at temperatures of the stock solutions as indi- 
cated. The 8% starch solution was dispersed in 1M NaOH, and the 
0.1% Versa TL@ 700  was made up in distilled water. 
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4.5.10 Supernate  Decontamination 

4.5.10.1 Cesium and Plutonioum (P. K .  Baumgarten, R. M. Wallace, 
J. R. Wiley, D. A.  Whitehurst)  

4.5.10.1.1 General 

Cesium and plutonium w i l l  be  removed from c l a r i f i e d  super- 
n a t e  by i o n  exchange by Duol i tea  (Trademark o f  Diamond Shamrock 
Corporat ion,  Redwood C i t y ,  CAI ARC-359 r e s i n ,  us ing  countercur ren t  
e l u t i o n  and r egene ra t ion .  The r e s i n  i s  a s t rong-acid c a t i o n  ex- 
changer,  o f  t h e  phenol-formaldehyde type  wi th  s u l f o n i c  and pheno- 
l i c  f u n c t i o n a l i t y .  It i s  s e l e c t i v e  t o  cesium a t  h igh  pH. The 
Savannah River Laboratory has  demonstrated cesium removal from SRP 
p l an t  wastes ob ta in ing  decontamination f a c t o r s  up t o  100,000. 
Plutonium was removed a t  DF's = 30 t o  300. 

4.5.10.1.2 Process  Descr ip t ion  

A s  shown i n  flowsheet FS-9 (F igure  4.9)  f i l t r a t e  from t h e  
sand f i l t e r s  (FS-8-20) i s  pumped through two i o n  exchange columns 
i n  ser ies  con ta in ing  Duoli tem ARC-359 r e s i n .  Af te r  t h e  loading 
s t e p ,  t h e  columns are r i n s e d  wi th  water. Both t h e  loading and 
f i r s t  r i n s e  s t e p s  are downflow. 
s t ron t ium i o n  exchange (FS-10). Cesium and plutonium decontamina- 
t i o n  f a c t o r s  assumed f o r  material  ba lance  purposes are lo4 and 165, 
r e s p e c t i v e  l y  . 

The e f f l u e n t s  cont inue  on t o  

The cesium and plutonium are e l u t e d  coun te rcu r ren t ly  from t h e  
columns us ing  2 M  NH40H - 2M (NH4)2C03 followed by a water r i n s e .  
E lua te  and water r i n s e  e f f l u e n t  pass on t o  e l u t r i a n t  recovery and 
cesium concen t r a t ion  (FS-11). The columns are then countercur-  
r e n t l y  regenera ted  wi th  2M NaOH; t h e  e f f l u e n t  goes t o  a heated 
ca t ch  tank  t o  separate r e s i d u a l  ammonia. 

4.5.10.1.3 Cvcle Schedule 

The proposed i o n  exchange c y c l e  schedule  i s  shown i n  Table  
4.48. 
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The ion exchange equipment will consist of two columns in 
series. (Note that 1 column volume as used in the table above is 
based on the volume of a single column.) Ge(Li) gamma detectors 
will continuously monitor Cs-137 in the effluent of the first col- 
umns where DF's as low as 3 to 30 may be acceptable. The second 
column will remove the remaining cesium. The second column efflu- 
ent will also be monitored. The usual second column effluent con- 
centrations may be too low to be detectable against background 
rad iat ion. 

To compensate for varying feed composition, the feed volume 
and cycle length can be increased or decreased to maintain the 
desired overall DF. Periodically, probably every 2 months, the 
resin is backwashed in upflow to remove fines and accumulated 
miscellaneous solids, correct possible channeling, and regrade 
the particles. Ultimately, the resin is removed by slurrying and 
transferring the slurry. Fresh resin is similarly transferred 
into the columns. If residual radioactivity content is low 
enough, the resin is checked for residual activity. Spent resin 
can be buried. Otherwise, the resin will be dewatered, dried, and 
incinerated in a dedicated incinerator tied into the melter off- 
gas system. 

The proposed cycle schedule is based on countercurrent elution 
and regeneration. . Countercurrent operation is far more efficient 
than cocurrent [ 3 2 ] .  Table 4.49 is a listing of recommended oper- 
ating techniques for successful countercurrent operation. Between 
steps the liquid in the freeboard above the resin will be lowered 
to a level just above the resin to permit proper displacement in 
the subsequent step. 

To achieve maximum advantage with countercurent ion exchange, 
a few rules must be observed. Most of these relate to the need to 
maintain a piston-like zone movement of ion exchange in the resin 
column. To draw the analogy with a distillation column, the 
"theoretical plate height" must be kept to a minimum. 

4.5.10.1.4 Resin Description and Physical Properties 

The ion exchange follows the following simplified equations: 

Load : RNa + Cs' f RCs + Na+ (1) 

Eluate: RCs + "4' 5 RNH4 + Cs' ( 2 )  

Regenerate: RNH4 + Na' S RNa + "4' (3) 
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where R - r ep resen t s  t he  r e s i n .  A s i m p l i f i e d  s t r u c t u r a l  formula of 
Na+ form "Duolite" ARC-359 r e s i n ,  wi th  both s u l f o n i c  and phenol ic  
groups sodium-equi l ibra ted  i s :  

ONo 

A t  nea r -neu t r a l  pH on ly  the  s u l f o n i c  ac id  groups conver t  t o  t he  Na 
form. A s  pH i n c r e a s e s ,  more and more of t h e  phenol ic  groups 
exchange and conver t  t o  t h e  Na+ o r  C s +  form. 

Diamond-Shamrock produces t h e  r e s i n  by s u l f i t e - t r e a t i n g  
c rushed ,  c ros s - l i nked  phenol-formaldehyde polymer 1333. The 
s t anda rd  r e s i n  i s  c a l l e d  "C-3,'' and is r e f i n e d  and f u l l y  regener -  
a t e d  t o  make "ARC-359." 
Na' form wi th  an (NHq)2C03 s o l u t i o n  t o  which NH40H has  been added 
t o  improve s o l u t i o n  s t a b i l i t y .  This i s  the  e l u t i o n  s t e p .  The 
r e s i n  i s  r egene ra t ed  wi th  2M NaOH. 

The "4' form i s  obta ined  by t r e a t i n g  t h e  

P h y s i c a l  p r o p e r t i e s  are t a b u l a t e d  i n  Table  4.50. P a r t i c l e  
s i z e  of  t h e  commercial r e s i n  i s  mainly i n  t h e  16 t o  40-mesh range ,  
bu t  s p e c i f i c a t i o n s  may be set i n  t h e  f u t u r e  c a l l i n g  f o r  a more 
c l o s e l y  graded, f i n e r  s i z e  d i s t r i b u t i o n .  The bed expansion d a t a  
shows t h a t  8 t o  1 2  gpm/ft2 water  flow i s  r e q u i r e d  f o r  t h e  recom- 
mended backwash expansion of  50%. Table  4 .51  g i v e s  swe l l ing  d a t a ,  
weight and volume i n c r e a s e  when t h e  r e s i n  i s  immersed i n  d i f f e r e n t  
s t r e n g t h  Na and "4 s o l u t i o n s  [341. The r e s i n  s w e l l s  the  l e a s t  
i n  (NH4)2CO3 s o l u t i o n ,  more i n  NaN03 ( o r  ano the r  sodium s a l t ) ,  
and most i n  NaOH. Both p a r t i c l e  and bulk d e n s i t y  i n c r e a s e  i n  t h e  
same o r d e r  s i n c e  i n  each case  t h e  weight i n c r e a s e  i s  more than t h e  
volume i n c r e a s e ,  and void f r a c t i o n  remains approximately c o n s t a n t .  
As observed i n  a g l a s s  column, r e s i n  s w e l l i n g  i s  g r e a t e r  i n  t h e  
supe rna te  than i n  2M NaOH i n  upflow, but  less when the  flow d i r e c -  
t i o n s  a r e  those  of t he  r e f e r e n c e  process  ( s u p e r n a t e  downflow, 2M 
NaOH upf low 1. 

The p r e s s u r e  drop through the  bed i n  downflow w i l l  depend on 
the  r e s i n  s i z e  d i s t r i b u t i o n .  A c a l c u l a t e d  f i g u r e  i s  0 . 1  t o  0 .2  
p s i / f t  a t  1 . 1 2  gpm/f t2 .  In  upflow, a p r e s s u r e  drop of 0.54 p s i l f t  
i s  c a l c u l a t e d  based on an average  r e s i n  and l i q u i d  d e n s i t y  o f  1 .24  
This should i n c r e a s e  only s l i g h t l y  as v e l o c i t y  i n c r e a s e s .  . 
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4.5.10.1.5 Resin Capacity 

Ion exchange capacity for sodium was determined from static 
experiments and is given in Table 4.52. The capacity increases 
considerably with NaOH concentration (i.e., pH) as already dis- 
cussed. Since the supernate is expected to be 0.5M in OH', a Na 
capacity of about 2.49 + 3 . 7 7  = 6.26 eq/kg dry resin is expected. 
This is approximately equal to 2.28 g-eq/L or 0.019 lb-eq/gal wet 
resin. 

Cesium capacity can be correlated in terms of the distribu- 
tion coefficient Kd = [cs]/[Cs+]. 
concentration of cesium on the resin, with units of g-eq/Kg 
Na+-form resin, and ICs+] is the equilibrium concentration of Cs' 
in the liquid, with units of g-eq/L of liquid. The value of this 
coefficient for a range of Na+ and OH' concentrations in batch equi- 
librium measurements is shown in Table 4.53 and Figure 4.51. These 
data were obtained before many of the problems associated with such 
measurements were fully appreciated; the results must therefore be 
considered only approximately. They do, however, show qualita- 
tively the general behavior of the resin in which the Kd increases 
with increasing OH- concentrat ion and decreases with increasing Na' 
concent rat ion. 

Here [E] is the equilibrium 

More recent data have shown that the Kd is a very sensitive 
function of the cesium concentration. Table 4.54 shows the varia- 
tion of Kd with C s +  concentration for .Duolite@ ARC-359 in equi- 
librium with solutions containing 4.75M NaN03-1.OM NaOH. 

If only a single equilibrium were involved, the ion exchange 
reaction could be written: 

- - 
Na + Cs+ Cs + Na' (4) 

where [z] and [K] are the respective concentrations of Cs and 
Na in the resin, [Cs'] and [Na'] are their respective concentrations 
in solution, Ex is the total exchange.capacity of the resin and Ks 
is the equilibrium constant for reaction (4) also known as the 
selectivity coefficient. 

Equation (5) can be rearranged as follows: 
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or  

These equat ions  d id  not  g ive  a s a t i s f a c t o r y  r e p r e s e n t a t i o n  of  t h e  
d a t a  i n  Table  4 .54 o r  o the r  s imi l a r  d a t a  f o r  s o l u t i o n s  of d i f f e r -  
e n t  compositions.  I f ,  however, t h e  r e s i n  i s  assumed t o  con ta in  
two d i f f e r e n t  types  of s i t e s  t h a t  a c t  independent ly  of each o the r  
so t h a t  t h e  r e s i n  behaves as a mixture  of two d i f f e r e n t  r e s i n s  
each wi th  i t s  own capac i ty  (Ex1 and Ex2) and i t s  own s e l e c t i v i t y  
c o e f f i c i e n t  (Ksl and Ksp) t h e  fol lowing equat ion i s  obtained.  

Equation (8)  i s  a b l e  t o  f i t  t h e  d a t a  on Table  4.54 reasonably  w e l l  
as shown by t h e  comparison of  observed va lues  o f  Kd wi th  those  cal-  
cu la t ed  from parameters  (shown a t  t h e  bottom of t h e  t a b l e )  ob ta ined  
by a least  squares  f i t  o f  t h e  da t a .  

The va lues  of  Kd shown i n  t h e  t a b l e  are only v a l i d  fo r  t h e  
p a r t i c u l a r  ba t ch  of  resin fo r  which t h e  measurements were made. 
Pre l iminary  s t u d i e s  wi th  o the r  ba tches  of  r e s i n  show t h a t  t h e  Kd 
curves may vary  s i g n i f i c a n t l y  from one ba tch  of  r e s i n  t o  t h e  nex t .  

4.5.10.1.6 Ion Exchange K i n e t i c s  

The i o n  exchange k i n e t i c s  over Duolitem ARC 359 are extremely 
complicated because t h e  d i s t r i b u t i o n  c o e f f i c i e n t  Kd v a r i e s  wi th  
cesium concen t r a t ion  and because both r e s i n  and f l u i d  phase re- 
s i s t a n c e s  a f f e c t  mass t r a n s f e r  rates.  A computer code fo r  t h e  
loading cyc le  has  been developed (by R. M. Wallace) assuming d i f -  
fus ion  through s p h e r i c a l  p a r t i c l e s .  Liquid f i l m  resistance and 
preloaded ( i . e . ,  no t  completely e l u t e d )  r e s i n  w i l l  be  included i n  
f u r t h e r  development. The computer program d i v i d e s  both  p a r t i c l e s  
and t h e  column i t s e l f  i n t o  d i s c r e t e  space elements.  It has  now 
been modified fo r  v a r i a b l e  Kd. 
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Diffus ion  c o e f f i c i e n t s  have been measured f o r  var ious  r e s i n  
types suppl ied by Diamond Shamrock. A f a i r l y  s t rong  negat ive  
c o r r e l a t i o n  (-0.804) was obtained between d i f f u s i o n  c o e f f i c i e n t s  
and cesium capac i ty ."  Measured r e s i n  phase d i f f u s i v i t i e s  were i n  
the  range of 0 .5  t o  3 x cm2/sec, considerably less than f o r  
o t h e r  ion exchange r e s i n s .  One would the re fo re  expect r e s i n  phase 
d i f f u s i o n  t o  con t ro l .  On the  o the r  hand, some column d a t a  ind i -  
cate t h a t  increased column he ight  a t  cons tan t  vo lumetr ic  through- 
put improves performance. This may be due t o  e i t h e r  l i q u i d  f i l m  
inf luence  or more su r face  a rea  exposure a t  higher  s u p e r f i c i a l  
v e l o c i t y .  

Two s impl i f i ed  approaches t o  p red ic t ing  ion exchange per- 
formance may be used. 
throughput i n  column volumes on log-probabi l i ty  paper.  This g ives  
a s t r a i g h t  l i n e  above C / C o  > 1%. The s teepness  of t he  l i n e  i s  pro- 
p o r t i o n a l  t o  the  k i n e t i c  ra te ,  while  the  l e f t - to - r igh t  p o s i t i o n  
mea s u r  e s the equ i 1 i b r i um . 

Breakthrough C / C o  may be p lo t t ed  aga ins t  

A somewhat more complicated approach i s  t o  u s e  t he  J-function** 
c h a r t ,  Figure 16-20 i n  the  Chemical Engineer ' s  Handbook. Here C / C o  
i s  p l o t t e d  a g a i n s t  NT with  N as parameter where 

N = number of mass t r a n s f e r  u n i t s  

4 .5 .10.1.7 Savannah River Laboratory Demonstrations 

Removal of  Cs-137 f r o m  s imulated and ac tua l  p l an t  w a s t e s  
w a s  demonstrated i n  a series of labora tory  tes ts  using Duolitem 
ARC-359 [35, 36, 371. Figure 4.52 shows the  genera l  scheme used 
i n  the  f i n a l  tes ts  [361. Two ZZ-in.-long by 3-in.-dia s t a i n l e s s  
s t ee l  columns i n  series contained t h e  Duol i tea .  They were f o l -  
lowed by a t h i r d  s imilar  column using "Chelex"-lOOt iminodiace t ic  

* DPST-80-257 

** A two-argument func t ion  o r i g i n a l l y  der ived f o r  r ecupe ra t ive  
hea t  t r a n s f e r .  

t Product of Bio-Rad Labora tor ies .  . 
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acid resin for strontium removal. The supernate feed was pre- 
pared to simulate closely the reference salt composition and con- 
tain the expected radioactive components. Supernate at least 10 
years old from H- and F-Area waste tanks was adjusted to the ref- 
erence composition (2.2M NaN03, 1.1M NaN02, 0.75M NaOH, 0.5M NaA102, 
0.3M Na2S04), slurried with waste sludge to regain equilibrium 
in waste components, and separated from the sludge by centrifuga- 
tion and filtration. In the tests, about 775 liters of waste 
were decontaminated in 9 trials during a 3-month campaign. 

Results are shown in Figure 4.53 and Table 4.55. For 40 
column volumes throughput, DF's averaged 4 x lo5 for Cs-137. For 
Test 5, first-column effluent showed Cs DF's from 60 (at 25 CV's) 
to 5 (at 40 CV's). This indicated that the critical cleanup 
occurred in the second column. Flow rate was 0.67 gal/min-ft2 in 
this test which is 215 of the gpm/ft2 expected in the reference 
process. Plutonium removal was also adequate. DF's averaged 35 for 
40 CV's throughput and reached 60 to 20 CV's. In a similar test, 
but with the supernate saturated with Pu-238 (6.8 Ci/mL vs about 
0.014 Ci/mL in most other tests) the DF was 300. 

Preliminary tests in 25-mL, 1.3-in.-dia columns showed the 
effect of process variables [41]. In tracer tests at constant 
CV/hr and constant diameter, DF improved with longer columns and 
higher linear flow rate [38] in the range of 0.077 t o  0.26 gpm/ft2. 
This was probably due to reduced end effects (distributor, dead 
zones) and better liquid-solid mass transfer at higher linear flow 
rate. At constant CV/hr and constant linear flow rate (i.e., con- 
stant bed height) limited data showed that DF improved with larger 
diameter [39] probably due to reduced wall effects. 

Small-scale tests with actual plant waste (Fig. 4.54) showed 
that a DF = lo4 could be obtained at 15 column volumes or higher for 
Na' concentrations of 4 and 9M. 
be about 6M in Na'. 
concentration gave the highest DF. This result agrees with pre- 
dicted feed concentration effects. 

The blended DWPF liquid waste will 
Tank 24 supernate which had the lowest Na' 

4.5.10.1.8 TNX Semiworks Studies 

An experimental study is under way at TNX semiworks to 
demonstrate the proposed process and investigate process vari- 
ables. Two 3-in.-diameter by 40-in.-tall glass ion exchange 
columns, each with its own 3-in.-diameter backwash column, are 
installed in a temperature-controlled cabinet. Separate metering 
pumps feed the upflow and downflow streams from appropriate tank- 
age. The supernate feed is obtained from the centrifuging acd 
filtration steps carried out at TNX, and is dosed with "cold" 
Cs-133. Product samples are obtained in a clean glovebox and 
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analyzed by isotope dilution mass spectrometr . This method can 

columns are currently in operation at the same volumetric (CV/hr) 
and linear feed rates as the plant columns. A 1/13 scale column, 
4 ft high x 2 ft diameter, is expected to become operational in 
1981. 

determine Cs concentrations as low as 1 x 10- 4; M. Two 8-ft tall 

Results from the TNX studies show: 

1) Sodium capacity of the resin at the high pH of the feed is 
much larger than that indicated by the manufacturer, namely 
0.020 vs 0.010 lb mol/gal. The sodium cannot be effectively 
removed by water even up to 6 CV’s of first rinse, and would 
overload the glass melter if not removed otherwise. A step 
to fix cesium on zeolite was therefore inserted in the process 
after eluate concentrationlcesium recovery. 

regeneration end point, as shown in Figure 4.55. It is at 
least as good as pH for this purpose. If the feed is started 
before the resin is fully regenerated, aluminum hydroxide will 
precipitate in the bed, plug it up, and ruin its performance. 

3 )  Some Al(OHI3 precipitant has been observed in eluate follow- 
ing 3 CV rinses indicating a longer water first rinse is 
required. A 5-CV first rinse has been recommended to com- 
pletely remove the sodium aluminate from the column. An ex- 
periment was conducted in which equal volumes of first rinse 
effluent (3, 4, and 5 CV’s) and elutriant were mixed and the 
resulting solution analyzed for suspended solids by centri- 
fugation. The solutions had 150, 30, and 15 ppm of solids for 
the 3 ,  4 ,  and 5-CV effluent-mixtures, respectively. The 3 and 
4-CV samples had white and brown solids while the 5-CV sample 
had only brown solids. The white solids are representative of 
the Al(OH>3 precipitant while the brown solids were probably 
introduced by somewhat dirty glassware. 
analyses during a rinse step are presented in Figure 4.56 from 
which it can be seen that 5 CV of first rinse removes essen- 
tially all of the Al(OHI4’ from the column. 

state, the previous resin history, and on whether flow is up 
or down (see Section 4.5.10.1.4). The columns should there- 
fore be loaded in the ammonia form (which has the smallest 
volume) to permit the most resin to be loaded. As the bed 
cycles it tends to shrink, and more resin should be loaded 
after two or three weeks of operation. Ability to gage 
the resin level is essential to avoid excessive dead space 
between the resin and upper distributor. 

2 )  Electrical conductivity is an effective indication of the 

A typical set of Al(OH)4- 

4) The volume of a given weight of resin depends on the chemical 
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During elution the resin shrinks and the particles tend to 
fluidize near the top of the column. Some actual gaps in the 
bed have been noted in the 3-in. columns during this step. 
This problem may not affect overall performance, but should 
be kept in mind during further development efforts. 

The eluate analyses show that the cesium peak occurs @ 4 CV 
(Figure 4.57) with 97% of the cesium having been removed from 
the column after 8 CV's. Note that the feed cycle for this 
run was 60 CV's instead of 20 CV's. The sodium is removed 
somewhat earlier than the cesium, and the Na concentration 
decreases more rapidly. 

Elutriant spiked with cesium to a level corresponding t o  a 
decontamination factor of 4,000 (based on concentrator feed) . 
in the elutriant recovery process appears to have no detect- 
able detrimental effects on the cesium column performance. 
However, the TNX process is limited to a detection limit of 
1 ngCs/mL corresponding to a DF = 3 x lo4 for 2.4 x 10'4M Cs 
feed. The effect of elutriant below this level may be sig- 
nificant but cannot be observed at TNX. Therefore a reduc- 
tion in the decontamination factor of lo6 for the elutri- 
ant recovery equipment cannot be recommended at this time if 
the possible hi her DF's obtained in the high level caves 
studies DF = 105 - lo6 are to be taken advantage of and less 
than 10 nCi Cs/mL salt product produced. 

Large variations in column performance have been observed 
with different resin batches. Three resin batches have been 
used at TNX: 

a. DuoliteQ ARC-359, Lot $512-17EY a resin manufactured in 
1977. 

b. Duolite@ ARC-359, Lot #512-43Ky a resin manufactured in 
1973 and used in the high level caves tests (HLC). 

c. Duolitee ARC-359NY Lot #512-286, Lab %1463-113, a resin 
manufactured in 1978. 

Figure 4.58 shows that the cesium capacity of the 1977 and 
1973 resin were quite similar (19-20 CV to C/Co = 0.5)  and 
considerably lower than that for the 1978 resin. It should 
be noted that the 1973 resin 'lost' more than 50% of its 
original capacity when used in the HLC tests. This suggests 
that for design purposes, the TNX data on 1977 and 1973 resin 
are to be regarded as degraded resin prior to removal. Pro- 
grams at SRL are under development to ensure the delivery of 
a resin with a capacity equal to or greater than that of the 
1978 resin Lot 512-286. 
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9) The e f f e c t  of feed composition i s  a l s o  presented  i n  F igure  
4 .58 .  The c a p a c i t y  of t h e  1973 r e s i n  inc reased  by about 70% 
wi th  t h e  inc reased  hydroxide c o n c e n t r a t i o n  (due t o  aluminum 
d i s s o l u t i o n ) .  Thus t h e  number of CV t o  reach  50-55% break- 
through ( C / C o  x 100) f o r  t h e  f i r s t  column e f f l u e n t  increased  
from about 19.6 CV t o  about 28 CV ( e x t r a p o l a t e d )  with t h e  
a d d i t i o n  of t h e  aluminum d i s s o l u t i o n  p rocess .  Thus t h e  per- 
formance of ion  exchange i s  p r i m a r i l y  dependent on feed 
([Na+] and [OH-] )  and r e s i n  ba t ch .  The e f f e c t  of feed com- 
p o s i t i o n  w i l l  be determined f o r  a p a r t i c u l a r  r e s i n  ba tch  i n  
o r d e r  t o  set t h e  a c c e p t a b l e  l i m i t s  of feed composition. 

F igu re  4.59 shows t h a t  DF > lo4  were obta ined  from both 
columns f o r  a t  least  60 CVT The e f f l u e n t  from between t h e  
two columns began t o  "break through" a t  20-40 i n c r e a s i n g  t o  
50% breakthrough a t  60-65 CV. It should be noted t h a t  f o r  a 
feed  wi th  [C,'] = 2 x 10'4M, a DF = 2.6 x lo4  i s  t h e  most t h a t  
can be shown us ing  t h e  p re sen t  method of a n a l y s i s .  The co l -  
umn may be performing cons ide rab ly  b e t t e r  than  t h e  7 . 5  x 10'9M 
product  sugges ted  from F igure  4.58. The d i f f e r e n c e s  between 
1 and 3 CV/hr feed ra te  should be cons idered  only  q u a l i t a -  
t i v e ,  s i n c e  r e l a t i v e l y  l a r g e  v a r i a t i o n s  occurred  wi th  t h e  
same flow r a t e s  and because t h e  d i f f e r e n c e s  observed may have 
been due t o  v a r i a t i o n  i n  [OH'] o r  an e f f e c t  due t o  t i m e  
( r e s i n  h i s t o r y ) .  

F igu re  4.60 p r e s e n t s  t h e  e f f e c t  of feed c o n c e n t r a t i o n  on t h e  
"degraded" 1973 r e s i n .  
times h i g h e r  than  t h e  expected 2.4 x 10'4M cesium concentra- 
t i o n  a c c e p t a b l e  breakthrough from t h e  second column is  s t i l l  
ob ta ined .  
sponds t o  t h e  same e f f l u e n t  as DF = 3 x l o 4  f o r  Co = 2 x 10'%. 
The canyon process  w i l l  probably not  run t h e  f i r s t  column t o  
n e a r  t h e  50% breakthrough r equ i r ed  t o  ach ieve  DF = lo4  a f t e r  
20 CV i n  o r d e r  t o  prevent  t h e  p o s s i b l e  contaminat ion  of t h e  
product salt. 

The r e l a t i v e l y  minor e f f e c t  o f  flow r a t e  i s  p re sen ted  i n  
F igure  4 .61  f o r  t h e  "degraded" r e s i n .  Again both of t h e s e  
flow r a t e s  achieved t h e  d e s i r e d  g o a l  of DF = 104 b u t  only 
j u s t  b a r e l y .  
low c o n c e n t r a t i o n s  where t h e  breakthrough curves  begin  t o  
d e v i a t e  from l i n e a r i t y  ( l o g - p r o b a b i l i t y  c o o r d i n a t e s ) .  

C o r r e l a t i o n  between t h e  C/Co's of t h e  two columns w i l l  be 
depended upon t o  h e l p  c o n t r o l  p l a n t  o p e r a t i o n .  The c o r r e l a -  
t i o n  may va ry  wi th  feed composition and r e s i n  c o n d i t i o n .  
F u r t h e r  d a t a  w i l l  be ob ta ined  dur ing  t h e  course  of t h i s  pro- 
gram. 

10) 

11) 
It may be seen t h a t  f o r  f eeds  3-4 

Note t h a t  t h e  DF = lo5 f o r  Co = 7 . 7  x 10'4M cor re -  

The e f f e c t  of flow rate  is most pronounced a t  
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4.5 .10 .1 .9  Hanford Experience 

Duol i tee  ARC-359 r e s i n  has  been used ex tens ive ly  i n  At l an t i c -  
Richfield-Hanford's B Plant* t o  remove about 95% of  radiocesium 
from a l k a l i n e  Purex and Redox superna tes .  Or ig ina l  experience was 
wi th  s y n t h e t i c  z e o l i t e ,  "Linde" AW-500 [40] ,  1411, which, however, 
was not  s t a b l e  when exposed t o  high a l k a l i n i t y  fo r  a long t i m e .  
It w a s  t h e r e f o r e  rep laced  by Duolitem ARC-359 [421, 1431. 

A t  l an t i c -R ich f i e ld  used the ref ined-grade ARC-359 ins t ead  of  
t h e  s tandard  C-3 grade,  s i n c e  they wanted t o  be  s u r e  t h e  r e s i n  
would work and i t  was s impler  t o  have t h e  supp l i e r  r a t h e r  than 
At lan t ic -Richf ie ld  p r e t r e a t  t h e  r e s i n .  

The Hanford techniques are  somewhat d i f f e r e n t  'from ours  s i n c e  
t h e i r  purpose i s  d i f f e r e n t .  They use  a s i n g l e  6-ft-diameter x 
1 3 - f t - t a l l  column (with 10 t o  12-ft-deep bed) and ope ra t e  i t  i n  
downflow except  f o r  t h e  r egene ra t e  s t e p .  The column i s  dra ined  
between s t e p s .  The Hanford cyc le  inc ludes  a sodium e l u t e  s t e p  
a f t e r  t h e  load,  us ing  a 0.2M (NQ)2C03-0.1M NH4OH scrub  s o l u t i o n  
t o  s e p a r a t e  most of  t h e  sodium from t h e  cesium p r i o r  t o  cesium 
elution. T h i s  a l s o  removes potassium and rubidium ions  from the  
r e s i n .  This s t e p  was considered for the p resen t  DWPF process  t o  
remove excess  sodium from t h e  e lua t e ,  bu t  d id  not  appear as 
a t t r a c t i v e  as cesium f i x a t i o n  on z e o l i t e .  The scrub  e f f l u e n t  i s  
bu t t ed  wi th  c a u s t i c  and r e tu rned  t o  t h e  column as regenerant  t o  
recover  leaked cesium. Hanford p r a c t i c e s  backwashing only i n  t h e  
form o f  a biweekly upflow water " f l u f f "  w i th in  t h e  ion  exchange 
column. They use  an e x t r a  e l u t e / r e g e n e r a t e  cyc le  t o  c o r r e c t  poor 
column performance. 

P e r i o d i c a l l y  concent ra ted  e l u a t e  i s  reworked t o  reduce t h e  
N a / C s  r a t i o  f u r t h e r .  
t r i a n t  recovery ,  t h e  e l u a t e  con ta ins  c h i e f l y  cesium and sodium 
carbonate  and Fe and A 1  contaminants.  It i s  reloaded onto  t h e  
column. Subsequent s t e p s  - Na scrub ,  e l u t i o n ,  r i n s e ,  and regen- 
e r a t i o n  - are similar t o  t h e  primary processing.  

Af t e r  NH3 and C02 are  s t r i p p e d  o f f  i n  e lu-  

The Duo l i t ee  r e s i n  i s  used f o r  about one year  be fo re  be ing  
rep laced  [44] .  The l a s t  ba t ch  w a s  i n  use  f o r  3 yea r s  (1975-781, 
bu t  had d e t e r i o r a t e d  s i g n i f i c a n t l y  when i t  was rep laced .  
Atlantic-Richland-Hanford s tandard  ope ra t ing  procedures are on 
f i l e ,  i nc lud ing  SOP 11.28 "Cesium Ion Exchange PSS Process ing ,"  
SOP 11.22 "Cesium Ion  Exchange Product  Rework Procedure, ' '  and 
Flowsheet ARH-F-106 (1977).  Ana ly t i ca l  procedures , "Cesium 
Absorption C s - 1 , "  "Determination o f  P a r t i c l e  S i z e  - Wet Sieve  
Method - Zy-24a," and "Determination o f  Moisture Retention 
Capacity- - 0.7 ,I' are also  a v a i l a b l e .  

* Current ly  operated by Rockwell I n t e r n a t i o n a l .  
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4.5 .10 .1 .9 .1  Resin Aging and Decay 

Duolitem ARC-359 degrada t ion  under t h e  i n f l u e n c e  of h igh  pH 
and high r a d i a t i o n  f l u x  i s  slow. 
f avorab le .  
Purex waste ( 1 7  C i / g a l )  between March 1973 and May 1975. When a 
f r e s h  ba t ch  of  442 f t 3  was s u b s t i t u t e d ,  bed c a p a c i t y  inc reased  33%. 
The second ba tch  processed 1.5 m i l l i o n  g a l l o n s  between May 1975 
and February 1976, a t  which t i m e  load sizes had decreased 10%. 
Some of  t h e  reduced r e s i n  performance may have been due t o  chan- 
n e l i n g ,  which would have been co r rec t ed  by backwashing. 

The Hanford exper ience  has  been 
One ba tch  of  435 f t 3  processed 1 .8  m i l l i o n  g a l l o n s  of 

Hanford moni tors  r e s i n  c a p a c i t y  by t a k i n g  a sample from t h e  
bed measuring mois ture  r e t e n t i o n  and cesium c a p a c i t y .  
i n s t a n c e ,  t h e  f i r s t  ba tch  of  r e s i n  descr ibed  above inc reased  from 
50 t o  78% mois ture  r e t e n t i o n  between March 1973 and October 1974. 
Radioact ive cesium c a p a c i t y  is measured by shaking  0 .5  g r e s i n  
wi th  5-1 cesim-spiked l i q u i d  f o r  an hour ,  decan t ing  t h e  super- 
n a t e ,  and measuring g a m a - a c t i v i t y  of  t h e  sepa ra t ed  r e s i n .  The 
l i q u i d  Na', OH', and Cs' concen t r a t ions  should b e  a t  s p e c i f i e d  
l e v e l s  f o r  t h e  t es t .  

For 

Hanford a l s o  monitors  bed h e i g h t ,  and found a column dec rease  
(7.6%) i n  t h e  f i r s t  campaign c i t e d  and a very  s l i g h t  i n c r e a s e  (4%)  
i n  t h e  second. The conclus ion ,  t h e r e f o r e ,  i s  t h a t  f i n e s  a r e  only 
occas iona l ly  produced, and t h a t  t h e  main r e s u l t  of degrada t ion  i s  
inc reased  p o r o s i t y .  
ARC-359 r e s i n  by prolonged c o n t a c t ,  and t h e  r a d i a t i o n  s t a b i l i t y  
w a s  a l s o  good [421. 

SIP  waste d id  not  chemical ly  degrade Duo l i t ea  

Diamond Shamrock recommends a maximum r e s i n  s e r v i c e  tempera- 
t u r e  of  40°C i n  c a u s t i c  s e r v i c e .  Above t h i s  tempera ture ,  t h e  
r e s i n  degrades by de-cross l ink ing .  Hanford ma in ta ins  i t s  feed 
streams a t  20-25°C. 

4.5.10.1.10 Heat E f f e c t s  

Heat development v i a  r a d i o a c t i v e  decay should not  be  a prob- 
l e m  except  i n  t h e  extreme case o f  20 CV'+s of supe rna te  c o n t a i n i n g  
Cs-137/Ba-137 be ing  sorbed on t h e  r e s i n ,  and no flowthrough of  
l i q u i d .  
i s  c a l c u a l t e d  fo r  t h e ' c a s e  o f  ' l iqu id  r e i a i n i n g  i n  t h e  column, and 
0.25"C/hr for t h e  case  of  a dra ined  column. Heat load w a s  ca lcu-  
l a ted  t o  be 929 Btu/hr  fo r  20 column ,volumes of  15-year aged waste 
superna te  sorbed on t h e  r e s i n .  

Even i n  t h a t  c a s e ' a  tempera ture  r i s e  of  on ly  0.087"C/hr 
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4.5.10.1.11 Deta i led  Descr ip t ion  of Unit Operation 

Resin Prepara t ion  and Column Loading 

The Duol i tea  r e s i n  i s  prepared on t h e  cold s i d e  of  t h e  canyon 
by s l u r r y i n g  i t  with water.  
o r  pumped i n t o  t h e  ion  exchange columns. Excess water i s  c o l l e c t e d  
i n  t h e  spent  r e s i n  ca tch  tank.  The columns a r e  then backwashed 
and s e t t l e d  3 t i m e s  t o  remove f i n e s  and grade t h e  r e s i n .  Accord- 
i n g  t o  Diamond Shamrock, 95% of  r e s i n  f i n e s  can be removed i n  t h i s  
s t e p .  Following backwashing, t h e  r e s i n  i s  subjec ted  t o  two e l u t i o n -  
r e g e n e r a t i o n  cyc le s .  Each column i s  checked t o  make s u r e  i t  i s  
f u l l .  A v e l o c i t y  of  3 t o  5 f t / s e c  i n  t h e  connecting piping i s  
recommended f o r  hydraul ic  conveying. Compressed a i r  may be used 
t o  ass i s t  t h e  conveying and break plugs.  

The r e s i n  s l u r r y  i s  then gravi ty-fed 

Load (Feed) Cycle 

F i l t e r e d  superna te  w i l l  be  fed downflow through each set o f  
series columns. 
planned. Temperature of  t h e  feed i s  not  t o  exceed 30°C. A feed 
d e n s i t y  of  1.24 g/cc can be  used fo r  des ign  purposes.  20 t o  30 
column volumes of feed can be processed wi th  20 C V ' s  being used 
as des ign  b a s i s .  

A flow r a t e  o f  1.67 CV/hr, o r  1.67 gpm/ft2 i s  

The make-effluent i s  routed  t o  in te rmedia te  tankage ("bounce 
tanks") f o r  feed t o  t h e  s t ront ium ion-exchange columns. 

F i r s t  Rinse Cycle 

Water f o r  t h e  f i r s t  r i n s e  c y c l e  i s  obtained from r e c y c l e  water.  
The r i n s e  has  two purposes.  It w i l l  keep e l u t r i a n t  from mixing 
with feed r e t a i n e d  i n  t h e  column voids  which would cause A l ( O H 1 3 ,  
Al203, and/or aluminum b a s i c  carbonate  t o  p r e c i p i t a t e  and plug t h e  
columns. After  pushing t h e  superna te  out  of t h e  column voids  i t  
w i l l  a l s o  remove sodium from t h e  r e s i n ,  thereby minimizing t h e  
amount reaching  t h e  cesium c o n c e n t r a t o r .  The r i n s e  fol lows t h e  
feed t o  t h e  s t ront ium i o n  exchange column. 

The bounce tanks  should be  kept  r e l a t i v e l y  empty t o  t a k e  ad- 
vantage of  t h e  i n c r e a s i n g  feed p u r i t y  as t h e  r i n s e  passes  through 
t h e  cesium columns. Water p u r i t y  i s  important t o  prevent e l u t i o n  
of  cesium. I t s  pH should be i n  t h e  range  7 t o  9 ,  and t o t a l  c a t i o n  
concent ra t ion  ( i n c l u d i n g  "L++) should be less than 0.02M. The flow 
r a t e  i s  t o  be t h e  same a s  fo r  t h e  feed. The design-basis  f i r s t  
r i n s e  volume is 5 column volumes. Temperature i s  not  t o  exceed 
30°C. 

-- 4.74 - 



Elu t ion  Cycle 

The e l u t r i a n t  w i l l  be 2M NQOH - 2M (“4)2CO3 and i s  obtained 
from t h e  e l u t r i a n t  recovery a rea .  
from t h e  cold s i d e .  E l u t r i a n t  composition may be allowed t o  vary 
- +lo% and r ad io i so tope  concent ra t ion  should not  exceed t h e  des i r ed  
load-ef f luent  concent ra t ion  ( i . e .  , 10’8M). 
a t  a r a t e  of  1 . 2  CV/hr, with a t o t a l  volume o f  10 column volumes. 
Temperature i s  not  t o  exceed 30°C. 
ca t ch  t ank ,  for  subsequent concent ra t ion  and s t r i p p i n g  i n  t h e  e lu-  
t r  i a n t  recovery a rea .  

Make-up C02 and NH3 a r e  obtained 

Flow w i l l  be upflow 

Ef f luen t  w i l l  be routed t o  a 

Second Rinse Cycle 

The second water r i n s e ,  upflow, fol lows t h e  e l u a t e  i n t o  t h e  
e l u a t e  ca tch  tank.  
water system. Flow r a t e  w i l l  be 1 . 2  CV/hr, with a t o t a l  volume 
of  3 column volumes (may be ad jus ted  downward). Temperature and 
water q u a l i t y  a r e  t h e  same as fo r  t h e  f i r s t  water r i n s e  except fo r  
any l i m i t a t i o n  on NH3 concent ra t ion .  

This r i n s e  prevents  bui ldup i n  t h e  r e c y c l e  

Regeneration Cycle 

The r e s i n ,  now i n  t h e  NQ+ form, w i l l  be regenera ted  with 2M NaOH 
i n  upflow. 
r ad io i so tope  concent ra t ion  should not exceed 10’2 t imes t h e  des i r ed  
load-ef f luent  concent ra t ion .  Flow r a t e  w i l l  be 1 CV/hr, with a 
t o t a l  volume of 5 column volumes. The r egene ra t ion  endpoint w i l l  
be determined by e l e c t r i c a l  conduc t iv i ty  >100,000 umho/cm. 
pe ra tu re  i s  not  t o  exceed 30°C. Ef f luen t  w i l l  be routed  t o  a 
regenerant  ca tch  tank,  which i s  heated and s t i r r e d  i n  such a man- 
ner a s  t o  d r i v e  o f f  e lu t ed  NH3 t o  the  cesium vent  scrubber .  

Regenerant composition may be  allowed t o  vary +lo% and 

Tem- 

Backwash 

About every two months t h e  r e s i n  may r e q u i r e  backwashing. 
This i s  done with water i n  upflow t o  remove f i n e s  and misce l la -  
neous d e p o s i t s ,  c o r r e c t  channel ing,  and regrade  t h e  bed hydraul i -  
c a l l y .  Need for  backwashing i s  s igna led  by reduced decontamina- 
t i o n  f a c t o r s  and increased bed pressure  drop.  An expansion of 50 
t o  75% i s  des i r ed  i n  t h e  backwash, so t h e  r equ i r ed  flow r a t e  can 
va ry ,  according t o  Table 4.50, from 4 t o  10 gpm/ft2 depending on 
t h e  i o n i c  form, water temperature and p a r t i c l e  s i z e .  During each 
4-hr backwash per iod ,  r ecyc le  water i s  r e c i r c u l a t e d  through the  
ion  exchange column t o  expand the  bed i n t o  t h e  a v a i l a b l e  f ree-  
board space.  Degraded r e s i n  f lushed i n t o  t h e  f i n e s  a r e  sen t  
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I. 

r e s i n  ca t ch  tank ,  where i t  remains f o r  d i s p o s a l .  Af te r  backwash- 
ing ,  t h e  r e s i n  s e t t l e s  back i n t o  t h e  i o n  exchange column. Two or  
t h r e e  s e p a r a t e  backwash pe r iods ,  with s e t t l i n g  i n  between, are 
suggested.  The in t roduc t ion  of a i r  should be met icu lous ly  
avoided. The i o n  exchange column i s  then  level-gaged and f r e s h  
r e s i n  added, i f  necessary.  

S ince  t h e  backwash procedure mixes t h e  r e s i n  bed, t h e  bed i s  
then e l u t e d  and regenera ted  a t  least  twice  t o  make su re  the  bott.om 
zone i s  c l e a n  enough t o  produce low-contaminant make-effluent.  
E lu t ion  t ime could be extended t o  double  t h e  usua l  per iod i f  i t  i s  
suspected t h a t  excess ive  Cs or Pu remains on t h e  r e s i n .  

SDent Resin Removal 

The t i m e  fo r  r e s i n  removal i s  s igna led  by reduced DF's even 
a f t e r  backwash, and by increased  r e s i n  mois ture  abso rp t ion  and 
reduced Cs c a p a c i t y  i n  th ieved  samples. The r e s i n  i s  removed from 
t h e  columns by s l u r r y i n g  i t  wi th  water fed i n  through t h e  bottom 
d i s t r i b u t o r .  Addi t iona l  water may be  introduced from t h e  t o p  of  
t h e  column. A water v e l o c i t y  o f  3 t o  5 f t / s e c  w i l l  be r equ i r ed  i n  
t h e  up-legs of t he  t r a n s f e r  l i n e s .  The use of  compressed a i r  t o  
break plugs and f a c i l i t a t e  conveying i s  recommended. 

Resin Disposal  

Spent r e s i n  i s  checked fo r  r e s i d u a l  a lpha ,  b e t a ,  and ganrma 
a c t i v i t y ,  i n t e r s t i t u a l  water i s  d ra ined ,  and t h e  r e s i n  i s  packaged 
i n  10-50 l b  ba tches .  Packaging t h e  r e s i n  pu t s  i t  i n  a form s u i t -  
a b l e  fo r  b u r i a l  or i n c i n e r a t i o n .  I f  t o t a l  a c t i v i t y  i s  less  than 
10 nCi/g,  b u r i a l  as a low-level waste should be  considered.  
t h e  high-level  cave tes ts ,  r e s i d u a l  r a d i o a c t i v i t y  d i d  not  b u i l d  up 
a f t e r  320 column volumes of  a c t u a l  p l an t  waste had been processed.  
Hanford p r e s e n t l y  b u r i e s  i t s  spent  Duoli teQ r e s i n .  

I n  

I f  a c t i v i t y  i s  g r e a t e r  than  10 nCi/g i n c i n e r a t i o n  i n  equip- 
ment wi th  proper smoke and f ly-ash c o n t r o l  i s  p r e f e r r e d .  A s m a l l  
(50-100 l b / h r )  i n c i n e r a t o r  could be  i n s t a l l e d  i n  t h e  S canyon i o n  
exchange area. The i n c i n e r a t o r  off-gas  would be routed  t o  t h e  
melter off-gas  system. 
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4.5.10.2 Strontium Ion Exchange 

4.5.10.2.1 General 

Strontium i s  removed from c l a r i f i e d  supernate  by ion  exchange 
on "Amberlite" IRC-7184 r e s i n .  This r e s i n  conta ins  a c h e l a t i n g  
f u n c t i o n a l i t y  which resu l t s  i n  a s t rong  s e l e c t i v i t y  for t r a n s i t i o n  
meta ls .  The Savannah River Laboratory has shown t h a t  s t ront ium i s  
s e l e c t i v e l y  sorbed onto t h e  r e s i n  from simulated waste superna tes .  
Small-scale column t e s t s  led t o  the  conclusion t h a t  p l an t  s c a l e  
columns should perform w e l l  with the  "Amberlite" r e s i n  [ 4 5 ] .  
Decontamination f a c t o r s  approaching 1000 were obtained with a 
s i n g l e  column. Based on t h i s  DF, t he  r e fe rence  flowsheet fore-  
c a s t s  t h e  Sr-90 a c t i v i t y  i n  the  s a l t c r e t e  w i l l  be less than 2 nCi 
S r /g  1461. 

4.5.10.2.2 Process  Descr ip t ion  

The e f f l u e n t  from t h e  Cs columns i s  pumped downflow through 
t h e  ion  exchange column conta in ing  "Amber l i t e "  IRC-718 r e s i n .  
Af te r  t h e  loading s t e p ,  t h e  column i s  f i r s t  r i n sed  downflow with 
t h e  e f f l u e n t  from t h e  cesium f i r s t  r i n s e  and then r in sed  downflow 
with water .  The s t ront ium i s  e lu t ed  upflow using a 0.01M so lu t ion  
of e thylene  diamine te t rasodium a c e t a t e  (EDTNaA a t  pH = 11) .  The 
column i s  f i n a l l y  r in sed  upflow with water t o  remove r e s i d u a l  
EDTNa. The cyc le  schedule i s  summarized i n  Table 4.56. 

Because t h e  cesium ion  exchange process w i l l  be monitored t o  
maintain acceptab le  D F ' s ,  t h e  a c t u a l  feed times may vary for t he  
s t ront ium cyc le .  
cu r ren t  t o  ensure t h a t  high DF's  a r e  obta ined .  

The ion exchange opera t ion  w i l l  be counter-  

A flow diagram (FS-10) i s  shown i n  Figure 4.10 and a m a t e r i a l  
balance (MB-10) i n  Table 4.10. 

4 .5 .10.2.3 Resin P r o p e r t i e s  

"Amberlite" IRC-718 i s  a c ross l inked  macrore t icu lar  c a t i o n  
exchange r e s i n .  It has a s ty rene  d i v i n y l  benzene mat r ix  with a 
c h e l a t i n g  f u n c t i o n a l i t y  l i k e  ethy1,ene dfamine t e t r a - a c e t i c  ac id  
(EDTA). 
coord ina te  with t h e . . t r a n s i t i o n  metal i on  and t h e r e f o r e  have a high 
s e l e c t i v i t y  toward them [47].  

This f u n c t i o n a l i t y  c o n s i s t s  of c a t i o n  a c t i v e  s i tes  which 

* Trademark o f  Rohm and Haas. 

- 4.77 - 



"Amberlite" IRC-718, while having a favorable distribution 
coefficient for strontium (kd = 1040 to 32501, is also selective 
to other metal ions such as Hg, Cay and the lanthanides. A selec- 
tivity series for IRC-718 is presented in Table 4.58 for an ideal- 
ized supernate solution. The competing ions are present in concen- 
trations much higher than that of strontium. Column tests using 
strontium tracers are to begin shortly to determine the effect of 
competing ions under dynamic conditions. 

The highly cross linked macroet icular structure of "Amber1 i t e'' 
IRC-718 prevents the excessive swelling and contracting which frag- 
ments and degrades gelular chelating resins [471 such as "Chelex" 
100. Since IRC-718 particles are considerably larger than "Chelex" 
100 particles, column pressure drop is less and the possibility of 
losing fines through screen distributors is reduced. "Amberlite" 
is a spherical resin which typically has a 20-50 mesh particle size 
range. The maximum swelling is 40% when converting from H+ to Na' 
form [481. The swelling expected in the strontium columns is less 
than 10% since elution will be with alkaline EDTA instead of acid. 

Pressure drop data for downflow operation is presented in 
Figure 4.62 [491. 

4.5.10.2.4 Detailed Description of Unit Operations 

Resin Preparation and Column Loading 

Each new shipment of resin is washed initially to remove any 
fines that have accumulated during handling and shipment. After 
characterizing each batch as to particle size range and preliminary 
strontium absorption capacity, the "Amberlite" resin is slurried 
with dilute caustic and gravity fed into the ion exchange column. 
Gravity feeding is used to prevent destruction of the fragile 
spherical particles. The resin is then backwashed at least 3 times 
to remove any additional fines which may have accumulated during 
handling and to classify the resin according to particle diameter. 
Finally, the column is eluted and regenerated twice to prepare the 
resin for actual use. 
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Sorption experiments with various resins indicated that 
"Amberlite" IRC-718 has one of the most favorable equilibria 
for strontium sorption. The distribution coefficients (Sr on 
resin)/(Sr in supernate) for the resins tested are presented 
in Table 4.57. 
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Feed - 
The effluent from cesium ion exchange will be fed downflow 

into the column prepared for loading. The flow rate presently 
proposed is 1.67 gpm/ft2. 
30°C. 
exchange, the proposed 12-hour feed time is subject to the varia- 
tions in cesium feed time which might occur because of changes in 
supernate composition. Thus the strontium column is to be suffi- 
ciently overdesigned so that any increased feed times for cesium 
ion exchange do not cause strontium DF's to fall below an accept- 
able level. 

The feed temperature is not to exceed 
Because the strontium feed comes directly from cesium ion 

Although the .volumetric flow rate to the strontium column will 
remain the same as for cesium (2542 gph while being fed), the flow 
rate on a column volume basis will be twice as high (3.33 CV/hr), 
since the strontium column resin capacity is one-half that of the 
cesium column(s). Also since there is only one Sr column, but two 
Cs columns, the relative throughput (volume solutionlvolume resin) 
will be 4 times larger for Sr than Cs. The column will be loaded 
for 40 CV's (20 hrs) with cesium column effluent, where a column 
volume is based on the Sr resin bed volume (762 gal). The effluent 
from strontium ion exchange will be transferred to the product salt 
hold tank. 

Breakthrough behavior for strontium ion exchange using 
"Amberlite" resin is shown in Figure 4.63 [451. 

Cs Rinse 

The first rinse from the cesium column will be passed down- 
flow through the strontium column. 
separate from the Cs make (feed) effluent to properly rinse the 
Sr columns. 
of the cesium column will be flushed out by this rinse step and 
sorbed onto the "Amberlite" resin. The flow rate is to be the 
same as the feed (1.67 gpm/ft2, 3.33 CV/hr for 3 hrs), and the 
temperature is not to exceed 30°C. 

This rinse should be kept 

Most of the strontium remaining in the holdup volume 

Sr First Rinse 

The Sr first rinse will be used primarily to push the remain- 
ing sodium and-nitrates out of the column voids to reduce the load 
on the spray dryer and melter. Water purity should be such that 
leakage of strontium is held to an acceptable level. Experimenta- 
tion will be done to determine the maximum allowable levels of 
EDTA in the water. The flow rate is to be the same as for the 
feed (1 .67  gpm/ft2, 3 . 3 3  CV/hr for 0.45 hr), and temperature is 
not to exceed 30°C. 

- 4 . 7 9  - 



Elution 

The elutriant will be EDTA and caustic. The concentrations 
proposed are 0.01 M EDTA and 0.001 M NaOH. The pH should be 11 
or greater to keep the EDTA in the tetra sodium form. Elution 
with 0.01 M EDTA will keep the resin in the sodium form, which 
will eliminate large volume changes and reduce the osmotic shock. 
Laboratory tests were run using 0.01 M EDTA as an elutriant for 
both "Amberlite" and "Chelex" resins. 
elution with EDTA is very effective in removing strontium from 
the resin. 

Figure 4.64 shows that 

The elutriant will be made in the Sr elutriant make-up 
tank, sampled and tested for EDTA and pH. The eluate from Sr 
ion exchange will be sent to an evaporator where it will be con- 
centrated to a 1.OM alkaline EDTA concentration in order to reduce 
the water load on calcination. 

The proposed flow rate for the elutriant is 0 . 5  gpm/ft2 
(1 CV/hr) for a total volume of 6 CV (4572 gal). 
is not to exceed 30°C. The maximum permissible level of Sr in the 
elutriant is being studied. 

The temperature 

Sr Second Rinse 

The purpose of the second rinse is to wash the EDTA remaining 
in the voids out of the column. This will prevent the strontium 
in the next feed step from possibly being chelated by remaining 
EDTA. 
the Sr concentrator. 

The effluent will be mixed with the eluate before entering 

The proposed flow rate is the same as for the elutriant 
( 0 . 5  gpm/ft2d, 1 CV/hr). 
of rinse water shall be used. Temperature is not to exceed 30°C. 

A total volume of 3.0 CV (2286 gal) 

Backwash 

n 

About every two months the resin may require backwashing. 
This is done with water in upflow to remove fines and deposits, 
correct channeling, and regrade the bed hydraulically. Need for 
backwashing is signaled by reduced decontamination factors or 
increased pressure drop. An expansion of 50 t o  75% is desired in 
the backwash, so the required flow rate can vary, from 3 to 6 
gpm/ft2 depending on the particle diameter and water temperature. 
Figure 4 . 6 5  presents expansion data for backwash operation [ 4 9 ] .  
During the 2-hr backwash period, recycle water is recirculated 

- 4.80 - 



through t h e  ion  exchange column t o  expand t h e  bed. Degraded r e s i n  
f i n e s  are  f lushed i n t o  t h e  spent  r e s i n  tank fo r  d i sposa l .  Two or  
t h r e e  s e p a r a t e  backwashes wi th  s e t t l i n g  i n  between are suggested.  
The i o n  exchange column i s  then level-gaged and f r e s h  r e s i n  added 
i f  necessary .  I n  t h a t  case ,  a second backwash i s  r equ i r ed  t o  
regrade  t h e  whole bed. 

S ince  t h e  backwash procedure mixes t h e  r e s i n  bed, t h e  bed i s  
then e lu ted / regenera ted  wi th  0.01M EDTA a t  pH=ll a t  least  twice t o  
make s u r e  t h e  bottom zone i s  c lean  enough t o  produce low-contaminant 
make-ef f l uen t  . 

SDent Resin Removal and DisDosal 

Spent r e s i n  i s  checked fo r  r e s i d u a  a lpha ,  b e t a ,  and gamma 
a c t i v i t y ,  i n t e r s t i t i a l  water i s  dra ined  and t h e  r e s i n  i s  packaged 
i n  10-50 l b  ba tches .  Packaging t h e  res  n puts  i t  i n  a form s u i t -  
a b l e  f o r  b u r i a l  or i n c i n e r a t i o n .  I f  t o t a l  a c t i v i t y  i s  less  than  
10 nCi/g,  b u r i a l  as a low-level waste should be  considered.  
HLC tes ts  r e s i d u a l  r a d i o a c t i v i t y  d id  not  bu i ld  up a f t e r  320 column 
volumes o f  a c t u a l  p l an t  waste  had been processed.  
b u r i e s  i t s  spent  Duol i tee  r e s i n .  

I n  t h e  

Hanford p resen t ly  

I f  a c t i v i t y  i s  g r e a t e r  than  10 nCi/g,  i n c i n e r a t i o n  i n  equip- 
ment wi th  proper smoke and f ly-ash c o n t r o l  i s  p re fe r r ed .  A small 
(50-100 l b / h r )  i n c i n e r a t o r  could be i n s t a l l e d  i n  t h e  S Canyon ion  
exchange area. The i n c i n e r a t o r  off-gas  would be routed  t o  t h e  
melter off-gas  system. 

4.5.10.2.5 Resin Anine 

"Amberlite" IRC-718 r e s i n  degrades mainly because o f  osmotic 
shock. The r a d i a t i o n  l e v e l  from cesium-free superna te  (<5 x 
wat t -hr /g)  i s  not  expected t o  s i g n i f i c a n t l y  degrade t h e  r e s i n  [50]. 
The s t r u c t u r a l  p r o p e r t i e s  of  "Amberlite" IRC-718 are considerably 
b e t t e r  from a r e s i n  aging s tandpoin t  than t h e  r e s i n  formerly sug- 
g e s t  ("Chelex" 100). A s e r v i c e  l i f e  o f  a t  least one year  i s  t o  be 
expected fo r  t h e  "Amberlite" r e s i n .  

Aging e f f e c t s  w i l l  be  not iced  by a r educ t ion  i n  t h e  decon- 
tamina t ion  f a c t o r s  ob ta ined .  
i s  not  p r a c t i c a l ,  samples o f  t h e  column e f f l u e n t  are t o  be taken 
each cyc le .  As  t h e  performance of  t h e  r e s i n  degrades,  t h e  amount 
of  superna te  fed t o  t h e  cesium column w i l l  have t o  -be ad jus t ed  
accord ingly  i n  order  t o  ob ta in  a s a l t  cake with acceptab le  l e v e l s  
of  Sr-90. 

Since cont inuous monitor ing of  Sr-90 
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4.5.10.2.6 Process  Control  

Stront ium Feed Bounce Tank 

Function 

Feed cesium ion  exchange column e f f l u e n t  t o  t h e  s t ront ium 
column a t  1.67 gpm/ft2 - +lo%.  

Contr o 1 

( 1 )  Monitor flow t o  ion  exchange columns. 

( 2 )  Monitor d i scha rge  p res su re  of pump. 

Sr Ion Exchange Column 

Function 

Provide a DF of  g r e a t e r  than 1000 for strontium. 

Control  

( 1 )  Hold t h e  temperature  of  t h e  feed t o  < 3 O o C .  

( 2 )  Monitor AP a c r o s s  t h e  columns. 

(3)  Resin l e v e l  i n d i c a t o r .  

(4)  Monitor flow dur ing  loading ,  r i n s e ,  e l u t i o n ,  and r egene ra t ion .  

( 5 )  Resin l e v e l  i n d i c a t o r  f o r  t h e  backwashing process .  

4.5.11 Cesium E l u t r i a n t  Recovery/Eluate Concentrat ion 
( B .  E .  Murphree) 

4.5.11.1 General 

The cesium i o n  exchange column e l u a t e  i s  processed through 
t h i s  module t o  concen t r a t e  t h e  e l u a t e  t o  2.OM (Na2C03 + Cs2CO3) 
and recover  NH3-CO2. Greater than 99.99% o f  t h e  NH3 and C02 i s  
d r iven  from the  cesium e l u a t e  dur ing  t h i s  process .  The flowsheet 
(FS-11) i s  shown i n  F igure  4.11 and t h e  mater ia l  ba lance  (MB-11) 
i n  Table 4.11. 
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4.5.11.2 Process  DeSCriDtiOn 

Cesium e l u a t e  c o l l e c t s  i n  t h e  cesium concent ra tor  feed tank 
and i s  fed cont inuously t o  t h e  top  of t h e  steam s t r i p p e r .  
steam s t r i p p e r  is a packed bed which c o n t a c t s  cesium e l u a t e  
coun te rcu r ren t ly  wi th  steam from t h e  cesium concen t r a to r .  
("4)2CO3 and NQOH break down i n  t h e  steam by t h e  r e a c t i o n s :  

The 

+ 2- 2NH4 + cog + 
hea t  2NH3 + co2 + H 2 0  (1) 

and 

+ OH- + 
"4 "3 H2° (2)  

Removing NH3 and C02 i n  t h e  steam s t r i p p e r  prevents  foaming i n  
t h e  cesium concen t r a to r .  
through a de-entrainment s e c t i o n  which removes en t r a ined  non- 
v o l a t i l e  r a d i o a c t i v i t y  with a DF of  >lo6.  
densed t o  produce an ( N H ~ ) ~ C O ~ - N H ~ O H - S O ~ U ~ ~ O ~  by t h e  r e v e r s e  
r e a c t i o n s  o f  (1 )  and (2) :  

The NH3-CO2-water vapor overheads pass  

The vapor stream i s  con- 

and 

NH3(g) + H20 cool i$  + OH- 
+ 

"4 (4 )  

The s o l u t i o n  flows t o  t h e  cesium e l u t r i a n t  makeup tank v i a  
t h e  s t r i p p e r  condensate tank.  The concent ra t ion  of t h e  e l u t r i a n t  
i s  ad jus t ed  t o  2M(NQ)*C03-2M NQOH + lo% by sparg ing  appropr i a t e  
amounts of  C02 and by adding aqueous-ammonia and process  water. 
The e l u t r i a n t  i s  then ready f o r  r e u s e  i n  e l u t i o n  of  cesium from t h e  
Duolitem r e s i n .  

"3 and C02, which escape from t h e  va r ious  process  v e s s e l s ,  
are  combined and drawn through a packed.bed absorber  (cesium vent  
sc rubber ) .  
t a i n i n g  gas  stream. NH3 and C02 are absorbed by t h e  l i q u i d  phase 
and r e tu rned  t o  t h e  cesium concent ra tor  feed tank .  The deple ted  
gas  stream i s  vented t o  t h e  r egu la t ed  f a c i l i t y  v e s s e l  vent  system. 

Chi l led  water coun te rcu r ren t ly  c o n t a c t s  t h e  NH3-CO2 con- 

The concentrated Na2C03-Cs2C03 (2.OM) s o l u t i o n  i s  pumped 
from t h e  cesium concent ra tor  t o ' t h e  C s  concent ra tor  bottoms tank  
fo r  subsequent processing through a , z e o l i t e  column. 
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A purge condenser condenses a steam sidestream from the 
cesium concentrator. This removes water introduced by ion 
exchange rinse steps, jet dilution, and vent scrubber bottoms. 
The purge condensate is transferred to the recycle evaporator 
feed tank for subsequent decontamination. 

4.5.11.3 Hanford Pilot Plant Study 

Hanford runs an elutriant recovery/eluate concentration 
system which performs exactly the same function as that proposed 
for the DWPF process. Two major problems have appeared occasion- 
ally: (1) foaming in the evaporator and (2) (NH4)2C03 pluggage 
in the condenser. Reference 70 describes a pilot plant study per- 
formed to solve these problems at Rattelle-Northwest Laboratories. 
The feed composition used (about 7M NH4+ and about 3M C032'> was 
similar to the DWPF cesium-loaded elutriant (about 6M NH4+ and 
2M C032-). 

Steam stripping the feed in a packed bed effectively pre- 
vented foaming in the evaporator. The stripping operation removed 
>99% of the NH3 and C02 from the liquid entering the evaporator. 
Heats of vaporization for (NHq)2C03 and NH40H at 25°C are 51.2 
and 18.8 kcal/mole, respectively. Overall heat transfer coeffi- 
cient in the steam-heated tube bundle reboiler leg was about 500 
Btu/ft2-hr OF. A mist eliminator pad effectively disengaged en- 
trained feed from the vapor stream exiting the stripper. Decon- 
tamination factors as high as 2 x lo4 were demonstrated. 

Downdraft condensation prevented pluggage in the condenser. 
Overall heat transfer coefficients of about 100 Btu/ft2-hr-"C were 
calculated for the condenser. 98% recovery of "3 and C02 were 
demonstrated by the downdraft condenser. Significant losses of 
NH3 and C02 occurred at condensate temperatures above 60 and 20°C, 
respectively. 

4.5.12 Cesium Fixation on Zeolite 

4.5.12.1 General 

Concentrated eluate from the cesium concentrator/steam 
stripper is processed through this module to separate the cesium 
from the Na2C03 solution by adsorption of the cesium on zeolite. 
The cesium-loaded zeolite is hydraulically slurried and trans- 
ferred to the slurry hold tank for subsequent processing through 
the spray dryer with washed sludge and strontium eluate concen- 
trate. The flowsheet (FS-12) is shown in Figure 4.12 and the 
material balance ( M B - 1 2 )  in Table 4.12. 
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crs 4.5.12.2 Process  Descr ip t ion  

Feed t o  t h i s  s t e p  i s  t h e  2.OM (Na2C03 + Cs2CO3) cesium concen- 
t r a t o r  bottoms s o l u t i o n .  The cesium content  i s  about 0.001M Cs2CO3. 
Feed i s  pumped downflow through a 5 f t  diameter x 11 f t  bed of  
sodium-form Ions iva  IE-95 (formerly Lindea AW-500)*. E f f luen t  from 
t h e  column deple ted  i n  cesium by a f a c t o r  averaging a t  least  100 
i s  recyc led  t o  t h e  sand f i l t e r  feed tank.  The column i s  run  
i n t e r m i t t e n t l y  f o r  about 2.5 hours  every 3 days dur ing  t h e  loading  
s t e p  i n  order  t o  main ta in  a s u p e r f i c i a l  v e l o c i t y  of  0.2 f t /min  i n  
t h e  bed. A 2-bed-volume water wash f lu shes  t h e  bed t o  remove 
i n t e r s t i t i a l  s a l t  each t i m e  t h e  feed i s  terminated.  Residual . 
r i n s e  water c i r c u l a t e s  through t h e  bed fo r  cool ing  while  i t  i s  
i d l e .  Cesium breakthrough occurs  a t  >50 bed volumes o f  feed and 
i s  s igna led  by an o n l i n e  gamma d e t e c t o r .  
t h a t  breakthrough occurs  a t  a minimum of  every 60 days.  

The column i s  s i zed  such 

Following breakthrough,  t h e  bed i s  r i n s e d  wi th  7 C V ' s  o f  
water t o  remove sodium. The bed i s  then backflow-expanded t o  
150-175% of  i t s  s e t t l e d  he igh t .  
bed i n t o  a s e p a r a t e  tank where i t  i s  dewatered t o  a 1:l water 
s l u r r y  us ing  a p r o f i l e  wire screen  sepa ra to r .  
t h e  s l u r r y  i s  determined a n a l y t i c a l l y .  
t r o l l e d  ba tches  t o  be  mixed with t h e  s ludge s l u r r y  t o  t h e  spray  
d rye r lme l t e r  f o r  i nco rpora t ion  i n  g l a s s .  

A steam je t  empties t h e  expanded 

Cesium content  of  
The s l u r r y  i s  s e n t  i n  con- 

The empty column i s  r e f i l l e d  wi th  a s l u r r y  of  f r e s h  sodium- 
The bed i s  back-flow expanded t o  

This s t e p  i s  

form z e o l i t e  from cold feed.** 
150-175% of  i t s  s e t t l e d  he ight  and backwashed f o r  about 1 hour .  
It i s  then allowed t o  s e t t l e  fo r  about 30 minutes .  
repea ted  twice  more and thus  c l a s s i f i e s  t h e  bed according t o  s i z e  
and rounds t h e  co rne r s  o f  t h e  granular  z e o l i t e  p a r t i c l e s .  This  
promotes even d i s t r i b u t i o n  t o  t h e  bed. 

4.5.12.3 Z e o l i t e  P r o p e r t i e s  

Z e o l i t e  was chosen as t h e  ion  exchanger on t h e  b a s i s  o f  
r a d i a t i o n  and chemical s t a b i l i t y  and cesium capac i ty .  
( n a t u r a l  and syn the t i c )  are a c l a s s  of  hydrated c r y s t a l l i n e  a l k a l i  
m e t a l  a luminos i l i ca t e  minera ls  which e x h i b i t  c a t i o n  exchange pro- 
p e r t i e s .  

Z e o l i t e s  

Their  c r y s t a l  s t r u c t u r e  i s  composed o f  AlO4' and Si04 

* The z e o l i t e  now manufactured a s 'L inde  AW-500 does not  have t h e  
d e s i r a b l e  cesium s e l e c t i v i t y  p r o p e r t i e s ,  and Linde IE-95 must b e  
s p e c i f i e d .  

** The f r e s h  z e o l i t e  must be p r e t r e a t e d  i n  cold feed with 4MNaN03 
t o  prevent Ca2C03 formation. 
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t e t r a h e d r a  shar ing  common oxygen atoms. The bond lengths  and 
s t r e n g t h s  are  such t h a t  the c r y s t a l  l a t t i c e  i s  both open and 
r i g i d .  This  produces a s t r u c t u r e  with a f ixed negat ive  charge 
a t  each A 1  s i t e .  Mobile ca t ions  p re sen t  w i th in  the voids  of t he  
c r y s t a l  balance t h i s  charge.  
se rve  as c a t i o n  exchange s i t e s  (511. 

The f ixed  negat ive  charges the re fo re  

"Ionsiv" IE-95 (formerly Linde AW-500) w a s  chosen as the 
z e o l i t e  b e s t  s u i t e d  f o r  cesium f i x a t i o n .  It has  been used suc- 
c e s s f u l l y  i n  s imilar  s e r v i c e  a t  Hanford 1531. It i s  a n a t u r a l l y  
occur r ing  chabaz i t e  which i s  mined, s i zed ,  and r e f ined  by Union 
Carbide.  It i s  mixed wi th  c l ay  b inder ,  f i r e d ,  and crushed p r i o r  
t o  marketing [52] ,  as a 20-50 mesh s o l i d ,  and has  a formula of 
(Na', Ca"), e+) (Si2A106)2 * H20. Bulk d e n s i t i e s  a r e  given i n  
Table 4.59. Water content  i s  1-10% as shipped and 12-17% hydrated 
[54] .  Figure 4.66 shows experimental  p ressure  drop da ta  with 
water. Figure 4.67 g ives  experimental  backwash expansion d a t a  
[551. 

Tota l  ion exchange capac i ty  of "Linde Ionsiv" IE-95 i s  2.2-2.5 
meq/gm (anyhydrous) [54] .  F igure  4.68 shows the  e f f e c t  of sodium 
ion  on cesium loading f o r  "Linde" AW-500 [57] .  Reference 58 g ives  
d e t a i l e d  information on the  thermodynamics and k i n e t i c s  of cesium- 
sodium ion  exchange on chabaz i te .  

4 .5 .12.4 Savannah River Laboratory S tud ie s  

SRL i o n  exchange s t u d i e s  with both t r a c e r  l e v e l  s y n t h e t i c  
e l u a t e  and ad jus t ed  composition p l a n t  waste demonstrated the 
f e a s i b i l i t y  of f i x i n g  cesium on z e o l i t e  from concentrated ion 
exchange e l u a t e  [591, 1601. 

Tracer  l e v e l  column t e s t s  were run as fo l lows .  To ensure 
conversion t o  Na' form, 25 m l  (19.5 g )  of "Linde" AW-500, 20-50 
mesh z e o l i t e  w a s  washed wi th  3 M  NaN03. 
water and t r a n s f e r r e d  t o  a 1.3-cm-ID column. 2M Na2C03-0.007M CsN03 
(wi th  1 .7  x lo5 d i s / m i n m l  Cs-137) was pumped downflow through the  
column a t  1 CV/hr a t  ambient temperature .  2% breakthrough (Cs i n  
column e f f l u e n t  = 2% Cs i n  feed)  occurred a f t e r  70 C V ;  20% break- 
through occurred a f t e r  76 CV. 

The r e s i n  w a s  r i n sed  wi th  

These r e s u l t s  show t h a t  i t  w i l l  be poss ib l e  t o  sorb  a t  least  
70 CV of concentrated "Duolite" column e l u a t e  on one z e o l i t e  
column. Af t e r  an i n i t i a l  water wash, f u r t h e r  contac t  with water 
w i l l  not leach Cs-137 apprec iab ly  from z e o l i t e  [591. 
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The eluate of "Duolite" ion exchange from actual plant waste 
was concentrated by boiling to remove "3, C02, and H20. 
centrated eluate was used to test Cs-137 sorption onto columns 
containing four solid sorbents. Effluents from the sorbent 
columns was monitored by on-line gamma counting [591. Plutonium 
and Sr-90 could not be counted with the on-line system. 
sorption onto "Linde" AW-500 was shown previously [611. 

This con- 

Their 

As shown in Table 4.60 "Linde" AW-500 and "Zeolon" 900 
(trademark of Norton Chemical Company) zeolites sorbed Cs-137 
equally well. Each column held 100 ml of zeolite. Including 
concentration of Cs-137 by the "Duolite" columns and by eluate 
evaporation, each zeolite bed sorbed Cs-137 from about 150 liters 
of SRP supernate. The Cs-137 concentration factor was about 1500. 
(Sorption of Cs-137 from supernate directly onto zeolite gives a 
concentration factor of only 37 [59]. After being loaded with 
Cs-137, the "Linde" AW-500 and the "Zeolon" 900 columns each 
emitted gamma radiation >4000 radlhr at 3 in. "Zeolon" 500 and 
I1 Vermiculite" (trademark of Zonolite Company, Travelers Rest, SC) 
were not acceptable sorbents for 137-Cs in these tests [601. 

4.5.12.5 Hanford Experience 

In 1967, Hanford started its fission product separation 
operation in B-plant. The Cs-137 separation step consisted of 
removing this isotope from alkaline liquid waste solution by 
ion exchange on "Linde" AW-500. The loaded resin was eluted 
with (NHq)2C03 - NH40H solution. The eluate was boiled down 
to a concentrated Na2C03 solution containing the Cs-137 [621. 
This solution was later loaded on zeolite to reduce the Na/Cs 
ratio. This rework step is very similar to the Cs fixation step 
proposed for the DWPF [63, 641. Reference 62 describes intended 
operation prior to startup and contains a concise summary of 
development data. 

4.5.13 General Purpose Evaporation 

4.5.13.1 General 

A second evaporation step is included to perform a.fina1 
decontamination step on excess water that must be purged to the 
environment. The flowsheet (FS-13) and material balance (MB-13) 
are shown in Figure 4.13 and Table 4.13, respectively. 

- 4.87 - 



n 

4.5.13.2 Process Description 

Process streams that comprise the feed to the GPE include: 

Recycle evaporator condensate 

# Strontium concentrator condensate 

e Product salt solution evaporator condensate 

A boildown ratio of 1O:l was assumed for material balance pur- 
poses. Overheads, after accounting for the radionuclide inven- 
tory, are di.scharged if within limits to a plant surface stream. 
Evaporator bottoms are sent to the recycle evapor'ator feed tank. 
Concentration of salt in concentratelconcentration of salt in 
condensate = lo6. 

4.5.14 Solidification of Product Supernate in Concrete 
(H. W. Bledsoe) 

4.5.14.1 General 

Clarified supernate, following treatment through ion 
exchange, is evaporated to 35 wt % salt and subsequently incorpo- 
rated into concrete. The concrete mix is pumped into excavated 
trenches located at least 10 ft above the maximum recorded water 
table level and surrounded by 5 ft of highly impermeable soil. 
The concrete monolith is backfilled with 5 ft of highly imper- 
meable soil followed by at least 28 ft of backfill. The flowsheet 
(FS-14) and material balance (MB-14) are shown in Figure 4.14 and 
Table 4.14, respectively. 

4.5.14.2 Process Description 

The effluent from the strontium ion exchange module, follow- 
ing storage in Product Salt Hold Tanks in S Area, is transferred 
to a product salt solution storage tank located in an area adja- 
cent to the to-be-selected concrete disposal site (selected to 
meet both NRC and EPA requirements). From this tank, the decon- 
taminated supernate will be dewatered to a salt content of 50-55 
wt %. Concentration of salt in the concentrate/concentration of 
salt in the condensate = lo6.  

The concentrated salt solution will be mixed with cement at a 
central batch plant. The concrete mixture will contain 55.8 wt % 
cement, 15.0 wt % salt and 29.2 wt % water. The concrete/salt 
slurry is then pumped from the batch concrete plant to the 
disposal site 

- 4.88 - 



for placement. The.concrete/salt mixture will be placed in 
trenches approximately 20'  wide x 2 5 '  deep to a depth of Q20 feet 
and then backfilled with a minimum of 5 ft of lom7 cm/s perme- 
ability material. As trenches are filled, they will have a mini- 
mum of 33 ft of soil overlying the top of the concrete monoliths. 

4.5.15 Glass Packaging, Leak Testing, Canister Decontamination, 
and Interim Storaee (J. P. ,Howell and W. N. Rankin) 

4.5.15.1 General 

The purpose of this section is to present the process details 
and technical data bases for the processes designed to prepare 
quality-assured packages of waste glass for shipment to the 
on-site interim storage facility. These processes will be per- 
formed in three cells. Overall function of each cell is outlined 
below: 

Mechanical Cell A 

( 1 )  Weld a plug on the canister 

( 2 )  
( 3 )  Decontaminate the canister surface 

(4) Perform contamination survey of canister surface 

Helium leak check the canister plug 

Mechanical Cell B 

(1) Decontaminate the canister surface 

( 2 )  Perform contamination survey of canister surface 

Mechanical Cell C 

(1) Perform a contamination survey of the exterior surface of the 

( 2 )  Perform spot electropolishing if the contamination survey 

(3) Perform a temperature and radiation profile of the canister 

canister 
' /  

dictates 

The flowsheets (FS-15, 16, and 17) are shown in Figures 4.15, 
4.16, and 4.17. Material balances (MB-15, 16, and 17) are tabu- 
lated in Tables 4.16, 4.17, and 4.18. Each canister will contain 
about 3260 lbs of waste glass. 
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The f lowsheets, described below, were developed to supply 
a single, quality-assured, storage container using minimum pro- 
duction operations, particularly in the glass melt cell [ 6 8 ] .  
Canisters are filled with molten glass, and after solidification 
and cooling to an equilibrium temperature, a plug is welded in 
place. After helium leak checking to ensure leaktight integrity, 
the primary canister is decontaminated, surveyed, and transferred 
to a cleaner cell where further decontamination can be done as 
necessary. After decontamination in Cell A and Cell B, the can- 
ister is transferred to the final Cell C where radiation and 
temperature profiles are recorded for the individual canister. 
The canister under goes a final smear test for contamination and 
can be further spot decontaminated as required before shipment to 
the interim storage facility. 

The estimated probable transferable contamination levels, in 
dis/min/dm2, assumed possible to be maintained in the production 
facility, will be about lo7 in the spray dryerlmelter area, 
lo5  in "A" cell, 102 in "B" cell, and <10 in "C" cell. 

The SRP Equipment Engineering Department (EED) is developing 
the required resistance welding methods, repair welding techniques, 
helium leak test techniques, and ultrasonic inspection techniques 
which may, but is not at this time, an absolute requirement. These 
requirements are all related to primary canister closure and intege- 
rity. This development program is leading toward full-scale dem- 
onstration of these processes at the TNX-Container Development 
Facility. This facility has been approved and construction should 
begin in early 1980. 

4.5.15.2 Process DescriDtion 

4.5.15.2.1 Mechanical Cell "A" 

Genera 1 

NDT examination of the glassform structure after cooling may 
be required on canisters to verify glass analysis and structure. 
As an aid to process control, canister surface temperatures will 
be measured before canister welding. 
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Canister Closure 

The reference closure process for the canister is electrical 
resistance-upset welding. Joint preparation is required prior to 
welding. These techniques, along with the resistance plug welding 
techniques are being developed on a laboratory scale welder capable 
of welding up to 5-in.-diameter plugs into the canister fill open- 
ing. A full scale demonstration welder capable of welding up to 
+in. -diameter stainless steel plugs is being designed and fabri- 
cated by Newcor, Inc. It is expected to be available in the latter 
part of. 1980. 

Process parameter optimization continues on the laboratory 
welder with stainless steel, low carbon steel, and other oxidation 
and corrosion resistant alloys. For the 5-in. diameter plug weld, 
70,000 lbs of force, at 230,000 amps for 2 seconds are required to 
make the weld. 

Leak Testing 

A technique (using helium) is being developed to leak check 

atm cm3/sec helium as 
the remote resistance weld prior to canister decontamination. The 
maximum allowable leak at the weld is 
defined by ANSI Standard N14.5, "Proposed American National Standard 
Leakage Tests on Packages for Shipment of Radioactive Materials.'' 
Tasks are in progress to determine the surface condition, outgassing 
effect, helium concentration requirements, and helium injection 
techniques for remote canyon-type leak test facilities. 

The atm-cm3/sec leak rate criteria is conservative for 
establishing watertight integrity and for containment of solid 
particulate radioactive nuclides as they are immobilized by the glass 
matrix. This has been set as the maximum criteria but will be reduced 
to a level of to lo-' atm-cm3/sec if the higher permissible 
leak rate can be shown not to release radioactive contamination to 
the interim storage facility. The same test equipment and tech- 
niques will be required for the whole range of sensitivity levels. 
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A fusible plug concept has been selected as the reference 
concept for helium injection into the seal canister. In this 
concept a pressurized helium reservoir is sealed with a low 
melting point alloy. The reservoir is attached to the closure 
plug which is subsequently welded into the canister fill opening. 
At the desired time a resistance heater is applied to the top of 
the closure plug and the heat is transferred to the reservoir 
fusible plug. When the fusible plug reaches its melting point, 
(which can range from 360°F to 600°F depending on the alloy) 
melting takes place and the plug is blown out by the pressurized 
helium. Vibration as well as acoustical monitors can be used to 
veri fy helium inject ion. 

Canister Decontamination 

The exterior surfaces of canisters will be decontaminated to 
minimize transfer of particulate contamination from cell "A" to 
cell 'IB" by producing a DF of >lo3 of the transferable surface con- 
tamination (alpha, beta, or gamma). The contamination level in 
"A" cell is assumed to be maintained at about lo5 dis/min/dm2 alpha 
and 106 d/m/dm2 beta-gamma. During filling and cooling, canister 
exterior surfaces will reach a maximum temperature of approximately 
600°C. A 82B surface finish (ASTM-A-480-75) is specified for the 
outside surface of the as-fabricated canister to ensure that a 
uniform oxide film will form when the canister is being filled 
with glass. This specification is necessary to ensure consistency 
in decontaminating the finished waste form. 
duced will be removed, along with included particulate contamina- 
tion, in a HN03-NaF etch solution with a temperature-controlled 
recirculating solution system. After canisters are rinsed, they 
will be cleaned in an oxalic acid solution, also with a temperature- 
controlled recirculating solution system, to remove additional 
surface contamination. After the final rinse, canisters will air- 
dry by self-heat and surveyed before transfer to Mechanical Cell 
"B." Process solutions for decontamination in Mechanical Cell "A" 
will come from Mechanical Cell "B," a cleaner cell, where they were 
used previously. 

The oxide films pro  

Oxalic Acid Digestion 

Spent oxalic acid must be digested prior to neutralization to 
avoid accumulation of Na2C204 between the washing and the settling/ 
filtration modules. The spent oxalic acid is digested in IM 
"03-0.01M Mn+ solution. 
spent etching solution and neutralized with 10% excess 50 wt % 
NaOH. The neutralized spent cleaning solutions are transferred to 
the recycle collection tank along with canister water rinses. 

Digestion liquor is combined with the 
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4.5.15.2.2 Mechanical Cell "B" 

Gener a1 

The second of the two-step canister decontamination proesses 
are carried out in Mechanical Cell "B". The decontamination 
equipment in this cell will be identical to that in Cell "A," but 
the overall contamination level will be lower in Cell "B" which 
should permit a lower level of canister decontamination prior to 
shipment to Cell "C." 

Final Canister Decontamination 

The exterior surfaces of canisters will be decontaminated of 
transferable radioactive particulates to a level acceptable for 
transfer to cell "C" and final product qualification. The system 
will be similar to that described for Mechanica Cell "A" and pro- 
duce a similar DF of lo3. Process solutions from final canister 
decontamination in Mechanical Cell "B" will be transferred to 
Mechanical Cell "A" where they will be used again. 
able contamination level in "C" cell is assumed to be maintained 
at less than 10 d/min/dm2 alpha and lo2 dis/min/dm2 beta-gamma. 

The transferr- 

4.5.15.2.3 Mechanical Cell "C" 

Smear, Radiation, and Temperature Measurements 

The exterior surfaces of the canister will be dry smeared, 
and temperature and radiation profiles of the waste form will be 
measured in "C" cell to qualify the product canister and contents 
prior to interim storage on plant. 
ment surfaces in "C" cell should be maintained a at less than 
10 dis/min/drn2 alpha and less than 100 dis/min/dm2 beta-gama. 

Limits for surface contamination of the canister are 

Contamination levels on equip- 

<220 d/min/dm2 alpha and (2200 d/min/dm2 beta-gamma. 
maximum limits are based on U . S .  Department of Transportation 
specifications for maximum smearable contamination for air, rails, 
highway, and water shipment [711. This specification is the same 
that is presently required for off plant shipment of material from 
SRP [72]. This was established as the maximum limits for SRP 
interim storage criteria because if this could be met, there was 
an excellent chance that the contamination level of the interim 
storage facility would not become a problem in future years of 
storage. Any greater levels of surface contamination could lead 
to interim storage contamination with the large numbers of canis- 
ters involved and require more expensive interim storage ventila- 
tion and filtration systems. 

These 
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In t e r im  Storage 

Reference des ign  s t o r a g e  c a n i s t e r s ,  f i l l e d  with waste g l a s s ,  
w i l l  be  placed i n  r e t r i e v a b l e  s u r f a c e  s t o r a g e  a t  SRP. Outside a i r  
w i l l  flow by n a t u r a l  convect ion through t h e  bu i ld ing  t o  remove 
decay h e a t .  I n  t h e  event s u r v e i l l a n c e  systems ( a i rbo rne  rad io-  
a c t i v i t y  d e t e c t o r s )  i n d i c a t e  a i rbo rne  r a d i o a c t i v i t y ,  a forced 
v e n t i l a t i o n  system must come o n l i n e  t o  r o u t e  t h e  v e n t i l a t i o n  
through a bank of  HEPA f i l t e r s .  
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TABLE 4.1 

Defense Waste Processing Facility 
Material Balance and Flowsheet Identification 

Sludg and Supernate 
Feed Preparation 

Aluminm Dissolution 

Sludge Washing 

Spray Dryinglvitrificatim 

Off-Gas Treatuent 

Mcury Recovery 

Recycle Evaporation 

Settling and Filtration 

Cesium Ion &change 

Strontium Ion Exchange 

Cesium Elutriant Recovery 
a d  Cesium &centration 

Cesium Fixatim on Zeolite 

General Pllrpose Evaporation 

Product Salt Solutim 
Concentration and 
Solidification in Cacrete 

Mechanical cell lt'l 

*To be issued. 

Flowsheet 
Ident. Figure No. 

Fs-2 

Fs-3 

Fs-4 

Fs-5 

Fs-6 

Fs* 

Fs-7 

Fs-8 

Fs-9 

Fs-10 . 

Fs-11 

Fs-12 

FS-13 

Fs-14 

Fs-15 

Fs-16 

Fs-17 

4.2 

4.3 

4.4 

4.5 

4.6 

4.a 

4.7 

4.8 

4.9 

4.10 

4.11 

4.12 

4.13 

4.14 

4.15 

4.16 

4.17 

Material Balance 
Ident. TableNo. 

MB-2 

m-3 

MB-4 

MB-5 

M B 4  

MB-6A* 

-7 

m-8 

MB-9 

MB-10 

MB-11 

m-12 

MB-13 

MB-14 

MB-15 

-16 

MB-17 

4.2 

4.3 

4.4 

4.5 

4.6 

4.&* 

4.7 

4.8 

4.9 

4.10 

4.11 

4.12 

4.13 

4.14 

4.15 

4.16 

4.17 
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-NrU - 1.19 
NrF - 0.125 

c - 1.21 
SO, - 0.544 

N~IH@OIOH)I - 1.20 NaCl - 0.0136 
NrF - 0.00142 

C - 0.0145 
$0, - 0.00622 

'- Hpl, - 0.00346 
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c 

TABLE 4.4 CONT'D 
2 1  2 4  2 2  2 3  7 1  SLUDGE WASHING (MB4) : 1 7  I 3  14 IS 16  I 7  I ¶  1 9  



TABLE 4.4 CONT’O 
SLUDGE WASHING IMB-4) : 2‘ 2 6  i l  7 t  2v TC S I  

I 

P 
Y 

8 
I 

a. Two wnh tanks 
b. Two mrttifuys. 



3 

8 I 9 E 5 I I I (5-EM) NOIlV3ljlUllA (INV NOllVN13lV3 
8'0 319V1 

3 



TABLE 4.5 CONT'D 
CALCINATION AND VlTRlFlCATlON (ME-5) V 1 G  I 1  1 2  1 3  l U  I S  l b  1' Pb 
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Flow, l b / h r  

Flow, gph 

Temp. "C 

Comp. l b / h r  

H2° 

HNO 

TABLE 4.15 

Mechanical C e l l  A ( 

C2H204 

F e  (NOg 

NO / \  

NaOH 

Na2C204 

N a N 0 3  

MnO *OH 

N aF 

c02 

Fe (OH)3 

Cans/Day 

1 - 

1.877 

8-15] - 
2 3 4 5 6 7 8 

1.877 1.877 1.877 1.877 1.877 

- 4.135 - 
/ I /  I 



TABLE 4.15  (Contd)  

9 

Flow, l b / h r  

Flow, gph 

SPG 

Temp. "C 

Comp. l b / h r  

H2° 

HNO 

C2H204 
Fe (NO3) 

NO 

Mn( NO3) 

NaOH 

Na2C204 

NaN03 

MnO OH 

NaF 

c02 

Fe ( 0Hl3 

Cans/Day 1.877 

10 11 12 13 14 15 16 

256.42 256.35 0.036* 238.07 238.07 

27.58 27.58 27.59 27.59 

1.115 1.115 1.035 1 035 

38 50 50 38 38 

201.84 201.79 

50.43 50.12 

0.291 0.582 

0.036 

3.86 3.86 

1 a 877 1.877 

* Does not i n c l u d e  t h e  tank vapor  space  purge (25 scfm a i r ) .  

215.07 215.07 

23.00 23.00 

n 

- 4.136 - 



TABLE 4.15 (Contd) 
irs 

1 7  18 1 9  20 21 22 23 24 

Flow, l b / h r  244.35 32.05 0.455 26.23* 81.86 583.00 64.76 64.76 

F l o w ,  gph 27.81 2.94 6.44 64.16 7.82 7.82 

s PG 1.054 1.310 

Temp. " C  38 38 

Comp. l b / h r  

H2° 236.91 16.03 

5.83 16.03 HNO 

C2H204 1.15 

Fe (NO3)  

NO 

Mn(N03) 0.455 

NaOH 

Na2C204 

NaN03 

MnO OH 

N aF 

c02 
Fe (OH) 

CansIDay 

1.525 1.090 0.993 0.993 

38 38 38 38 

40.93 496.13 64.76 64.76 * 

4.76 

0.455 

40.93 3.72 

1.715 

76.91 

0.415 
3.86 

21.37 

0.256 

* Does not  inc lude  t h e  tank vapor space purge (25 scfm a i r ) .  

- 4 .137  - 



TABLE 4.15  (Contd) 

F low,  l b / h r  

F low,  gph 

S PG 

Temp. "C 

Comp. Ib /hr  

H2° 

HNO 

C2H204 
Fe (NO3 

NO 

Mn ( NO 1 

NaOH 

Na2C204 

N a N 0 3  

MnO .OH 

N aF 

c02 

Fe(OHI3 

Can s h y  

25 

64.76 

7.82 

0.993 

38 

64.76 

26 

64.76 

7.82 

0.993 

38 

64 76 

27 

129.52 

15 64 

0.993 

38 

129.52 

28 

100 .o 

12.07 

0 993 

38 

100.0 

29 

100 .o 

12 a 07 

0 e 993 

38 

100.0 

30 

2.08 

0.25 

0.993 

38 

-- 

2.08 

31 

129.52 

15.64 

0.993 

38 

129.52 

32 

842.04 

95.28 

1 060 

38 

55.17 : 

3.72 

1.715 

76.91 
0.415 

3 - 8 6  

0.256 

- 4.138 ,- 



TABLE 4.16 
w 

Mechanical Cel l  B CMB-16) 

1 

Flow, l b / h r  

Flow, gph 

Temp. "C 

Comp. l b / h r  

H2° 

HNO 

'ZHZ04 

Fe (NOg I 3  

NO 

Mn(N03)2 

NaOH 

Na2C204 

NaN03 

MnO -OH 

NaF 

c02 

Fe (OH),  

Cans/Day 1.877 

2 

1.877 

3 4 5 6 

0.036" 

1.877 1.877 1.877 

7 8 

256.47 

27.59 

1.115 

38 

201.88 

50.73 

~~ 

256.42 

27.59 

1.115 

50 

201.84 

50.43 

* Does not  inc lude  the  tank vapor space purge (25 scfm air). 

0.291 
0.036 

3.86 3.86 

- 4.139 - 



TABLE 4.16 (Contd) 

9 10 11 12 13 14 15 

Flow, l b / h r  238.07 238.07 64.76 64.76 64.76 64.76 129.52 

Flow, gph 27.59 27.59 7.82 7.82 7.82 7.82 15.64 

s PG 1.035 1.035 0.993 0.993 0.993 0.993 0.993 

Temp. " C  38 38 38 38 38 38 38 

Comp. l b / h r  

H2° 215.07 215.07 64.76 64.76 64.76 64.76 129.52 

HNO 

C2H204 23.00 23.00 

NO 

Mn ( NO3 

NaOH 

Na2C204 

N a N 0 3  

MnO -OH 

N aF 

c02 

Fe (OH) 

Can s /Day 

- 4.140 - 



TABLE 4.17 

Mechanical Cell C (KB-17) 

Process 
Stream Unit s/Day 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1.877 canisters 
.l. 877 canisters 
1.877 canisters 
1.877 canisters 
1.877 canisters 

40 Clean Smears 
40 Smears 
(Individually wrapped) 

10 
1 1  

- 4 .141  - 



TABLE 4.18 

P e r c e n t  D i s t r i b u t i o n  of  Radionucl ide Groups Between t h e  S o l u b l e  
and I n s o l u b l e  F r a c t i o n s  of  t h e  DWPF Feed Streamsa 

Radionucl ide 
G r  oupb 

I 

I% 

IV 

V 

VI 

Per c e n t  i n  
In-Tank G r a v i t y  
S e t t l e d  Sludge 

6.8 

52.8 

94.2 

97.8 

98.6 

98.7 

Feed t o  DWPF-Percent D i s t r i b u t i o n  
? 5 1 ud ee l  5 1 u r r  v FS-2-4 

V .  

S o l u b l e  I n s o l u b l e  S o l u b l e  I n s o l u b l e  

93 20 0 6.80 0 

46.60 0.63 3.40 49.37 

4.66 1.19 0.34 93.81 

0.93 1.24 0.07 97.76 

0.19 1.25 0.01 98.55 

0.09 1.25 0.01 98.65 

The tritium composi t ion of t h e  feed  streams t o  t h e  DWPF are  d e t a i l e d  below. 

Sludge-Slurry Stream (FS-2-41 

I n s o l u b l e  - 0, Ci /hr  

S o l u b l e  - 48.97 ( C i / g a l  T i n  Ref. Waste Blend + 
67.37 ( C i / g a l  T i n  FS-13-11] 

SuDernate S t r e a m  (FS-2-8) 

I n s o l u b l e  - 0, Ci /hr  

S o l u b l e  - 7 5 . 5 2  ( C i / g a l  T i n  Ref. Waste Blend) =+ 

515.27 ( C i / g a l  T i n  FS-13-11) 

a .  See Appendix 13 .9 .  
b .  See Table  2.11. 
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TABLE 4.15 

Summary of Aluminum Dissolving Tests 

Sludge Type 
(Tank Wt % Ala  Treatment 

16  1 7 . 8  30 min i n  lM NaOH a t  5OoC 

30 rnin i n  5M NaOH a t  5 O o C  

30 min i n  lM NaOH, b o i l i n g  
30 rnin i n  5M NaOH, b o i l i n g  

11 44 30 rnin i n  5M NaOH, b o i l i n g  

1 h r  i n  5M NaOH, b o i l i n g  

15 29 30 min i n  5 M  NaOH,boiling 

1 h r  i n  5 M  NaOH, b o i l i n g  

2 1  8.4 30 rnin i n  5M NaOH, b o i l i n g  

1 h r  i n  5M NaOH, b o i l i n g  

a. Based on washed, d r i e d  s ludge.  

% A l  
Removed 

30 

36 

54  

76  

70 

7 8  

77 

72 

49 

45 
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TABLE 4 .20  

Effect of Aluminum Dissolving on Sludge Composition 

Tank 15H Composition, Wt % 
Metal Before Ala After A1 Overall Range in 

Ion Dissolving Dissolving SRP Sludges, wt %' 

A1 29.0 7 . 3  2-44 

Fe 3.1 10.5 3-33 

Mn 2 . 3  7 . 8  2-11 

Na 1.2 4.1 - 
0.9 3.1 - Hg 

U 0.9 

Ni 0.5 

Ca 0.2 

3.1 

1.7 

0.7 

0-15 

0-6 

0- 3 

a. Measured in actual washed, dried sludge, Ref. 4 .  

b. Calculated assuming removal of 75% of the initial aluminum. 

c. From Ref. 5 .  Note that A1 dissolution will greatly decrease 
in this range of Al concentrations. 
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errs TABLE 4.21 

Batch Washing Cycle 

Volume, Rate, T i m e ,  
Opera t ion  g a l l o n s  gpm minutes  

T r a n s f e r  unwashed s ludge  feed 
t o  wash tank  693.9 75 9 .3  

Dewater s l u d g e  feed by 
c e n t r i f u g a t i o n  693.9 5 129.5 

Add w a t e r  f o r  f i r s t  wash 489.3 75 6 . 5  

C e n t r i f u g e  f i r s t  wash s l u r r y  653.0 12  59.2 

Add w a t e r  f o r  second wash 489.3 75 6.5 

C e n t r i f u g e  second wash s l u r r y  641.5 12 58.2 

S l u r r y  washed s ludge  cake 150.6 0 5 .0  

T r a n s f e r  washed s ludge  s l u r r y  
/ \  t o  washed s ludge  run  tank  150.6 75 2.0 

T o t a l  c y c l e  t ime w 

TABLE 4.22 

C e n t r i f u g e  Cvcle 

Opera t ion  

A c c e l e r a t i o n  

Fi 11 b a s k e t  

Feed 

Cake compaction 

Skim and d e c e l e r a t e  

Unload cake 

@ T o t a l  T i m e  

Speed, 
r pm 

50-400 

400-1400 

1400 

1400 

1400-50 

50 

Dewatering S t e p  
Time Feed 

Rate, 
gpm 

0 

30 

5 

1 

0 

0 

Required , 
minutes  

0 . 8  

4.0 

114.7 

5.0 

3 .O 

2.0 

129.5 

- 

- 4.145 - 

276.2 

F i r s t  Wash 
Feed 
Rate, 
gpm 
0 

30 

12 

1 

0 

0 

T i m e ,  
minutes  

0.8 

4 . 0  

44.4 

5.0 

3.0 

2 .0  

59.2 

- 

Second Wash 
Feed 

~ 

Rate, 
gpm 
0 

30 

12 

1 

0 

0 

T i m e ,  
minutes  

0.8 

4 .o 

43.4 

5 .O 

3.0 

2.0 

58.2 

- 



TABLE 4 .23  

Description of Synthetic Sludge Waste* 

Compo s i t ion 
Waste Slurry Washed, Dried Sludge Liquid 

3.8 wt % solids 

- -  

35.2 wt 2 Fe3+ 5.9 M Na+ 

25.3 wt % salt 1.5 wt % A13+ 3.7 M OH' 

70.9 wt % water 10.6 wt % Mn3+ 

2.9 wt % Ca2+ 

5.3 wt % Ni2+ 

0.8 wt % Na+ 

0.44 M A104- 

1.1 M NO3- 

0.46 M N02- 

0.13 M S O L ~ -  

43.7 wt % other 0.12 M C032' 

* Suspended solids - 12 vol % as measured by centrifugation 
at 5000 g's for 3 minutes 

Density - 1.27 g/mL at 20°C 
Particle Size - Near logarithmically declining fractional 

population/particle diameter distribution; 
bimodal fractional volume/particle diameter 
distribution with mean diameters of 2.5 um 
and 10 um and l a  values of 1.2 vm and 2.3 urn, 
respectively. 

Rheology - Newtonian fluid with 6 cp viscosity at 20°C 
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TABLE 4.24 

Small  S c a l e  TNX C e n t r i f u g e  Performance 
With Und i lu t ed  S l u r r y  Feed 

Cake Water 
Sludge Capac i ty ,  Con ten t ,  

GPM % Sludge X Basket F i l l  a t  lb w a t e r l l b  
- Feed Recovery S o l i d s  Overflow* s o l i d s  - 

0.1 99.6 104 2.8 

0.25 97.1 93 2.8 

0.5 92.1 88 2.9 

* Based on a v e r a g e  cake  t h i c k n e s s  as measured a f t e r  t h e  
f i v e l n i n u t e  cake  compaction s p i n .  

TABLE 4.25 

C e n t r i f u g e  Scaleur,  

% Sludge 
Recovery 

88.9 

96.4 

97.2 

98.9 

99.6 

99.7 

Feed Rate i n  gpm 
12-Inch TNX 48-Inch TNX 
C e n t r i f u g e  C e n t r i f u g e  

1.1 23 

0.75 16 

0.72 16 

0.46 10 

0.46 11 

0.44 11 

Feed Flow 
F a c t o r  

21 

21 

22 

22 

24 

25 

23 

- 
Average 
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n 

TABLE 4.26 

+ - 2- Na , NO , and SO Concentrations in Washed Sludge 

Dry wt X 
Measured Specification 

Na+ 1.1 <5 

NO3- P .4 < l o  

S042" 0 . 5  

TABLE 4.27 

Spray Dryer Product Bulk Densitya 

Feedrate, Pour Density, Vibrated Density, 
L/hr g/mL g /mL 

175 0.52 0.77 

250 0.64 0.83 

300 0.66 0.79 

a. A skeletal density of 3.18 g/cc was determined 
at the Du Pont Engineering Test Center on product 
produced during a 21" spray dryer run at PNL. 
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TABLE 4.28 

Particle Size Distribution of Powder Produced with 
Simulated SRP Feed in the PNL 36-Inch Spray Dryer 

Particle Size Cumulative Amount Smaller Than Stated Size, Vol X 
Microns 175 L/hr 250 L/hr 280 L/hr 300 L/hr - 

2 0.20 0.00 0.00 0.00 

6 8.20 0.50 0.00 0.00 

10 

20 

17.6 1.50 0.10 0.10 

48.4 6.50 1.00 0.80 

30 58.0 13.0 4.90 3.00 

40 69.4 41.0 14.4 6.70 

50 100a 67.6 31.1 15.2 

60 80.2 46.3 28.6 

70 100.0 62.0 48.2 

80 75.6 67.9 

90 91.3 91.7 

100 100.0 100.0 

a. 100% less than 44 microns. 
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TABLE 4 . 2 9  

Median Particle Diameter of Spray Dryer Product 

Median Particle Diameter, pm 
175 L/hr 250 L/hr 280 L/hr 300 L/hr 

Volume X 25.8 45.7 63.1 70.1 

Number X 3.67 9.05 32.6 31.9 

TABLE 4.30 

Spray Dryer Product Composition, wt X 

Component 

Na 

Fe 

Al 

Mn 

Ca 

c o p  
Wt. loss @ 2 0 O O C  

Wt. loss  @ 800°C 

Feedrate, L/hr 
175 25c 300 --- 
12.0 

16.1 

17.8 

7.1 

l e 2  

2.6 

0.07 

3.8 

10.5 

14.5 

21.6 

6.3 

1.9 

3.5 

0.22 

5.5 

13.0 

17.8 

14.2 

7.6 

1.6 

6.5 

1.0 

90 6 

A 
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TABLE 4.31 

Elemental and Ionic Analyses of Spray Dryer Product 

and sulfate contents are not available. 

b. Carbonate was calculated from total carbon analysis. 

Element or 
Ion 

Fe 

Na 

Al 

Mn 

Ni 

Ca 

Carbonate 

Nit rat e 

Wt X in 
Calcinea 

23.5 

13.9 

8 . 4  

5.5 

3.2 

1.9 

5.2 

1.2 

a. Percentages do not 

Wt % 
Insoluble 

>95.0 

5.7 

40.0 

%loo. 0 

>96.0 

>97.0 

b 

12.5 

total 100% because oxide, water, 

TABLE 4 . 3 2  

TGA Analvsis and DTA Analyses of SDrav Drver Product 

Weight 
Region Type Reaction Loss, %; Comnents 

20 - 90'C Endothermic 7 Loss of adsorbed species 

90 - 500°C Endothermic 6 Loss of adsorbed water 

500 - 620'C Exothermic 4 Decomposition 

620 - 1150'C (Small exotherm Decomposition and/or 
at 770') - 1 vaporization 

Total 18 
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TABLE 4 . 3 3  

Summary of PNL Spray Dryer Tests Using Simulated SRP Waste Feed 

Test No. 

Firsta 

Se conda 

Thirdc 

Four the  

Spray 
Chamber 

21-in 

21-in 

36-in 

36-in 

Feed TvDe 

Avg. Comp. 
TNX Prepared 

Avg. Comp. 
TNX Prepared 
PNL Washed 

50/50 Mixture 
Avg. & Composite 
TNX Prepared 

Compos it e 
PNT, Prepared 
Vendor Chemicals 

Wall 
Temp, OC 

G700-725 

700-7 25 

11800 

Q800 

Feed Rate, 
L/hr 

15-50b 

30-55b 

175-300d 

200 

a. The principal objectives of this test was to (1) demonstrate 
feasibility of drying an SRP-type waste, (2 )  determine dryer 
capacity, (3) evaluate sintered metal filter performance and 
( 4 )  evaluate dryer wall scaling. 

b. Feed rate was limited by furnace output. 

c. The primary objective of this run was to obtain capacity data 
for use in sizing the SRP prototype spray dryer. 

d. Feed pump limited. 

e. The primary objective of this test was to evaluate the effect 
of long-term operation on sintered-metal filter performance and 
dryer w a l l  scaling. 

- 4.152 - 



TABLE 4 . .34  

Rheology of Non-Newtonian Melts 

Amount, 
T, "C m - - Sludge wt, % 

Average 35 1200 877 
1150 1550 
1100 2320 
1050 3090 
1000 4460 

Average 45 1200 3140 
1100 7720 

n - 
0.69 
0.60 
0.52 
0.53 
0.52 

0.56 
0.46 

TABLE 4.35 

Composition Dependence of Coefficients 

a. = bo + bl (Si> + b2 (Na) + b3 (Li) + b4 @e) + b5 (All 
1 

a. b 
1 0  bl b2 4 b4 b5 

a -28.357 +l. 865 -27.235 +109.851 4.0.5047 4.0.2884 0 

a 41029 -m +71821 -289822 -1440 a . 6 5  1 

5 
a2 -5.57 x lo7 +3.24 x lo7 -4.57 x lo7 +1.85 x lo8 +1.02 x lo6 6 . 4  x 10 

- 4.153 - 
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TABLE 4.36 

Effect of Mixing Frit and Waste on Dissolution Rate 

7 Frit Waste Mixed Rate (g/in.2 hr) 

21 Compos i t e No 4.47 

Yes 51.3 

High Aluminum No 0.57 

Yes 34.0 

TABLE 4.39 

Mixing and Homogenization of Glass Melts 

Melt* Minimum Residence Time" 

21-Al-35/Mixed 6-8 hours 

21-A1-35/Unmixed >2 days 

2 1 -Fe -35 /Mixed 4-6 hours 

21-Fe-35/Unmixed >2 days (slag) 

411-Fe-35/Mixed 1 hour 

411-Fe-35/Unmixed >2 days (slag) 

* Melt composition is 'frit number (21 o r  411) - 
sludge type - amount of sludge (wt  % > .  

Tests lasted up to 48 hours. There was no 
discernible difference among samples heated 
longer than 10 hours. 

** Time required to produce a homogeneous melt. 



TABLE 4.38 

Effect of Frit Particle Size on Melting Behavior of Sludge Feed 

Waste Dissolving Foam - Frit Particle Size (mm) Rate (g/in.2-hr) Factora 

2 2b 0.30-1.7 29.0 0.40 

<1.7 32.0 0.35 

0.15-0.30 48.8 

<0.15 21.4 

0.15 

0.40 

41lC 0.30-1.7 19.4 0.40 

0.15-0.30 37.8 0.10 

<0.15 26.0 0.30 

2ld <1.7 

<0.3 

22.8 

51.2 

0.20 

0.05 

a. Measure of foam stability. Surface clearing time normalized 

b. Feed contained 75 wt % Frit 22, 22.5 wt % composite sludge, 

c. Feed contained 75 wt X Frit 411, 25 wt X composite sludge. 

d. Feed contained 75 wt % Frit 21, 25 wt % composite sludge. 

to unit weight of the batch added to the melter. 

2.5 wt % AW-500 zeolite. Melt temperature 1150°C. 

Melt temperature 1050'C. 

Melt temperature 1150°C. 
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TABLE 4 . 3 9  

Total Particle and Mass Loading in Spray Dryer Off-Gas Stream 

Particle Size Range, micrometer 
0.32-0 .755 0 . 5 0 - 2 . 7 5  1.10-12.25 2.0-20.0 

Total Particle Loading, 
particleslac f 7.74+07 4.44+05 6 4+04 5.9+03 

Mass Laoding, g/acfa 6.08-06 8.18-07 4.3-07 4.0-07 

a. Assumes a particle density of 4 g/cc. 

TABLE 4.40 

- - .  Composition of Supernate Used in 700-Gallon GS Tests 

Molarity of: NaOH 

NaN03 

N aNO 2 

Na2C03 

Na2S04 

NaA102 

Hi gh-Cau s t ic 
F1 ow shee t 
(PTDS No. 2 )  

1 . 8  

1 . 8  

0 . 8 3  

0.23 

0 . 2 3  

0 . 4 3  

Initial 
F 1 ow s hee t 
(PTDS No. 1) 

0.71  

2.2 

0 . 9 3  

0.25 

0 . 2 5  

0.42 
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TABLE 4.41 

700-Gallon GS Resul.ts (PTDS No. 1 Flowsheet) 

Run No. 

Type Centrate 

Feed: Liquid level, in. 

Volume, gal 

Sludge content, ppm 

Starch Added, lb/T suspended matter 

Maximum Temperature, 'C 

Average Settling Rate, in./hr 

Product; Volume, % of feed 

Sludge content, ppm 

I - 
Avg 

61 

715 

4000 

25 

65 

16.0 

83.2 

150 

L - 
Comp 

62 

725 

8500 

12 

71 

12.9 

83.4 

80 

3 

Comp 

63 

735 

5 000 

20 

70 

10.2 

87.8 

50 

- 4 
Comp 

62 

725 

7300 

14 

70 

10.0 

86.2 

30 

- 5 
Comp 

62.5 

730 

4000 

12 

65 

7.8 

89.0 

25 

- 6 

Comp 

63 

735 

8000 

8 

32 

10.5 

88.4 

30 

- 7 

Comp 

6 3  

740 

7000 

9 

60 

14.0 

88.4 

16 

- 
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TABLE 4 .42  

700-Gallon GS R e s u l t s  - (PTDS No. 2 Flowshee t )  

Run No. 
8 

b m P  Comp 

9 - - 
Type C e n t r a t e  

Feed: L iqu id  l e v e l ,  i n .  

Volume, g a l  

Sludge c o n t e n t ,  ppm 

S t a r c h  Added, l b / T  suspended m a t t e r  

Maximum Temperature ,  "C 

Average S e t t l i n g  Rate, i n . / h r  

P r o d u c t ;  Volume, 96 o f  f eed  

Sludge c o n t e n t ,  ppm 

6 3  64 

740 945 

3500 4000 

13.0 11.6 

94 98 

10.8 11 .2  

8 8 - 5  90.6 

40 50 
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TABLE 4 . 4 3  

Large-Scale G S  R e s u l t s  

Run No. 
L 3 4 5 6 

Flowsheet ,  M NaOH 

Feed: l i q u i d  l e v e l ,  i n .  

volume, g a l  

s l u d g e  c o n t e n t ,  ppm* 
1 

f S t a r c h  Added, 
P tJl l b / T  sludge** 

Temperature ,  "C 

W 
I 

Average S e t t l i n g  Rate, 
i n .  / h r  

Decanted P roduc t ,  g a l  

Sludge c o n t e n t ,  ppmtt 

1.8 

52.5 

2550 

5750 

8.7 

65 

11.7 

1975t 

80 

I. . 8 

56.7 

2750 

13500 

8 .6  

65 

11.9 

2200t 

40 

1.8 

56.7 

2750 

19300 

9 .0  

65 

11.9 

2200t 

30 

1.8 

114 

5 500 

6000 

11.5 

65 

12.2 

4925t 

45 

1.8 

110 

5350 

8500 

12.9 

65 

12.5 

700 

40 

1.8 

108 

5250 

9000 

16.6 

35 

21.6 

990 

10 

7 

1.0 

95 

4600 

4500 

12.8 

65 

27.1 

1000 

50 

8 

1.0 

95 

4600 

9500 

12.4 

45 

25.6 

1030 

10 

9 

1.0 

88 

4250 

5300 

15.5 

40 

25.1 

1010 

15 

10 

1 .o  

a9 

4300 

13300 

15.0 

40 

22.0 

1010 

10 

* Undecanted layer  wi th  s e t t l e d  s ludge  r e s l u r r i e d  and r e s e t t l e d  fo l lowing  Runs 1,  2 ,  4 ,  5 ,  7 ,  and 9 .  . 
** T o t a l  s t a r c h  added t o  o l d  and new feed s l u d g e .  

t Decanted product  f ed  t o  sand f i l t e r s  v i a  1150-gal-capaci ty  sand f i l t e r  feed t ank .  

t t  Analyses  of  samples i n  sand f i l t e r  feed t ank  from f i r s t  decan t  a t  i n d i c a t e d  s e t t l i n g  r a t e .  

._ 



TABLE 4.44 

O-In.-Diameter Sand F i l t e r  Performance 

Sand Average P a r t i c l e  S i z e ,  urn 

Sand Height ,  i n .  

A n t h r a c i t e  Average P a r t i c l e  S i z e ,  um 

A n t h r a c i t e  Height ,  i n .  

Sludge Content i n  Feed, ppm 

Clean-Bed AF' a t  1 .2  gpm/f t2 ,  p s i  

AP Rise, psi/ lOO Bed Volumes 

S ludge  Content  i n  P r o d u c t ,  pprn 

F i l t e r  
No. 1 No. 2 
Pr  i m a r  y Po li sh ing  

490 270 

24 18 

700 40 0 

8 3 

50 5 

0.8 2.5 

<1 <0.5 

5 1 

4.160 - 
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TABLE 4.45 

Large-Scale Sand F i l t e r  Feed R e s u l t s  

GS an1 Sand F 

Supe rna te  Feed Rate,  ga l /min - f t2  

Polymert Add Rate,  ga l /min - f t2  

Time o f  Feed, h r  

Avg Feed Sludge Content ,  ppm 

F i l t r a t e  Q u a l i t y  

Avg Hourly C o u l t e r  S o l i d s ,  ppm 

Spot Checks: C e n t r i f u g a b l e  S ludge ,  p p  

T u r b i d i t y  , JTU 

Primary Column hp Rise,  psi/ lOO bed volumes 

I* 2 ** 
1.0 

0.015 

20.3 

54 

0 .33  

2 

0.10 

<0.5 

l t e r  Run No. 
3*** 

0.98  0.96 

0.015 0.07 

8.0,  14 .3 t t  23.8 

31 25 

1.1211 0 .22  

2.5 1 
0.16 0.07 

0 .3  0 .3  

* Feed, polymer going t o  b o t h  columns i n  p a r a l l e l  f o r  18 hour s  b e f o r e  s w  

** Feed i n  series t o  p r imary ,  t h e n  p o l i s h  f i l t e r .  Polymer t o  pr imary E i l  
series o p e r a t i o n .  

4*** 

1.34 

0.04 

31.7,  6.41  

35 

0.15 

1 

0.07 

0 . 4  

t c h  t o  

e r  o n l y .  

*** Feed i n  a e r i e s  t o  p r imary ,  t h e n  p o l i s h  f i l t e r .  Polymer t o  b o t h  f i l t e r s .  

t Versa TL@ 700. (Trademark, N a t i o n a l  S t a r c h  and Chemical Corp., Bridgewater ,  N. J . )  

t t  D e b r i s  i n  f eed  pump caused f a i l u r e  i n  8 h r .  Shutdown 6 h r  b e f o r e  r e s t a r t i n g .  
Pump d i s m a n t l e d  and c l e a n e d  b e f o r e  Run No. 3. 

1 Run i n t e r r u p t e d  5 h r  t o  backwash pr imary column. 

11 Hourly samples d u r i n g  l a s t  14 h r  o n l y .  



TABLE 4.46 

Large-Scale Sand Filter Backwash Results 

(Backwash Liquid - 2M NaOH) 

Total Sludge Feed, lb 

Lb Sludge Removed, 75 gal/ft2 per wash 

P r i m a r y  F i l t e r :  Wash #I 

Wash 82 
Wash #3 

Polishing F i l t e r :  Wash %1 

Wash #2 

I X of Sludge Removed 

GS and Sand Filter Run No. 
1 2 3 

1.06 0.673 0.545 

--- 

0.710 0.469 0.350 

0.054 0.048 0.139 

0.051 

0.216 0.056 0.023 

0.058 0.029 0.014 

98 89 106 

----- ----- 



TABLE 4.47 

Viscosities of Stock Solutions for Settling/Filtration 

Brookfield RVT 
Spindle Speed, rpm 

100 

50 

20 

10 

5 

Viscosity of 0.1% 
Versa TL@ 700 at 
Temperature of 
20.2"c, cp. 

38 

35 

29 

30 

Viscosity of 8% 
Flojel 60@ at 
Temperature of 
18.8"C, cp. 

88 

73 

65 

65 

70 

TABLE 4.48 

Proposed Cesium Ion Exchange Cycle Schedule 

Load (Feed) 

First Rinse* 

Elutet 

Second Rinse** 

Regeneratett 

Standby 

Total 

Stream Volume 
CV* Gallons - 
20 

5 
10 

3 

5 
- 
- 

30,500 

7,625 

15,250 

4,575 

7,625 
- 
- 

Flow Rate 
CV/hr gpml f t 2 

1.67 

1.67 

1.2 

1.2 

1.2 
- 
- 

1.67 

1.67 

1.2 

1 . 2  
1.2  

- 
- 

T i m e ,  
Hours 

12 

3 

8.33 

2.5 

4.16 

1 

31 

* 1 CV = 1 column volume 1525 gal = 204 f t 3 .  Height = 
Diameter - 68 in. 

** H20. 
7 2M "&OH - 2M (NH4)2CO3. 

t t 2M NaOH.  

Flow 
Direct ion 

Down 

Down 

UP 

UP 

UP - 
- 

8 f t .  
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TABLE 4.49 

Requirements for Optimum Results in 
Countercurrent Ion Exchange [ 32 I 

1. During upflow service or regeneration, movement of resin 
particles must be held to a minimum. The bed should remain 
packed. Even slight bed fluidization tends to destroy the 
flat ionic interface and can result in increased leakage or 
premature breakthrough. 

allowed, the amount of regenerant should be at least twice 
the amount used in previous cycles. Since fluidization 
upsets the regular arrangement of ions in the column, the 
effluent end must be thoroughly regenerated to restore the 
full advantage of the countercurrent effect. 

2 .  If and when the bed is backwashed and resin expansion is 

3 .  Uniform distribution is essential in both upflow and downflow 
to minimize channeling. Conventional laterals may not be 
adequate, especially for the bottom distributor. European 
equipment designers have exerted considerable effort to assure 
good distribution on upflow. One such concept involves the 
use of a double-layer porous disc made from fused quartz sand 
and pebbles in the upper and lower layers, respectively. 

upflow operations. Any bubble formation in the resin bed will 
disturb the piston-like effect required. 

5. The service run must be stopped at very nearly the same efflu- 
ent level each time to achieve consistency. Preferably the 
cutoff point should be somewhat lower than the specified or 
required effluent level (be it sodium, silica, conductivity, 
or other parameter). 

6 .  Decationized (or acidified) water should be used for rinsing 
cation exchangers and deionized water for rinsing anion ex- 
changers. If raw water is used, the first part of the service 
run may be discarded to avoid contamination of the product 
water. Such practice is necessary only when very high-purity 
effluents are required. 

4 .  Care must be exercised to exclude air in both downflow and 
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TABLE 4.50  

Physical Properties o f  h i o l i t e  ARC-359 Ion Exchange Resin" 

?hysicaI LTmtcteris t ics  
16-50 mesh, black g ranu la r ,  macroporous, received a s  
water -sa tura ted  Na* form, 48-55% moisture 

BicZ Density, Wet Resin 
Na+ form 0.70 g/cc 
NHr+ fern 0.72 g/cc 

Spec-lfic C r c v i t y  
H* form 
Na2+ form 

-Ka+ form 
NHL+ form 

1.37 g/mL - dry  
1.60 g/mL - dry, 1.17 g/mL water - w e t  
1.53 g/mL - dry  
1.56 g/mL - dry ,  1.17 g/mL water - wet 

Fdpicoz Wet Screen AmZyses - HyLWogen Form 
Percent Retained 

Screen Numbers 1 2 3 
10-16 
16-20 
20-50 
30-40 
40-50 
Pan 

6.7 17.0 22.8' 
52.3 33.5 40.4 
20.3 27.3 20.8 
11.0 16.3 3 .0  

1.5 4 . 1  3.9 
0.2 1.8 1 . 2  

M&mm Service Temperature 
40°C 

Sw 1 lirg 

See Table  4.51 

Bed Lzpccnsion tn WfZow 
(huoZite Bul l e t in  TS-7719, June 21,  1977) 
Wet Screen Analysis = Batch 1, Sec t ion  4 above 

Bed .&pansion, X 
Flow Rate NHc I m i c  Form 
f t / s e c  p m / f t i  13'C 2 8 O C  38OC 

0.0091 4 .1  26 15 1 2  
0.0137 6 . 1  47 34 20 
0.0182 8.2 68 54 4 3  
0.0228 10.2 - 72 SR 
0.0268 12.0 72 

Nu2 Ionic Porn,' 
0.0091 4.1 21 11 - 
0.0137 6.1 39 25 14 
0.0182 8.2 57 39 26 
0.0228 10.2 73 53 39 
0.0268 12.0 - 66 SO 

Pressure Drop i n  D O ~ m f z ~ w  
0.1 t o  0.2 p s i / f t  a t  1.12 g p m / f t '  ( ca lcu lared)  

o. Manufacturer 's  information, un le s s  o t h e m i s e  ind ica ted .  
Information on huolite C-: r e s i n  is presented where it 
is not ava i l ab le  f o r  ARC-359. 

b. Determined a t  SRL - SED, 12/22/77. 
c. SaOH regenera ted .  
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TABLE 4 .51  

"Duolite" ARC-359 Densitv and 'Swelling Data 1701 

n 

Basis of 1 g A i r - D r i e d  Resin 
Equi l ibra ted  P a r t i c l e  Weight of Volume of Bulk Volume Bulk 
with Solution Density, Swollen Swollen of Swollen Density, 
Sodium Form g/mL Resin, g P a r t i c l e s ,  mL Resin, mL g /mL 

Water 1 .17  1.580 1.348 2.257 0.700 

0.Ol.M NaOH - 1.617 - - - 
0.05 1.20 1.776 1.480 2.500 0.710 

0.1 1.20 1.986 1.655 2.550 0.778 

0.5 1.24 2.067 1.667 2.747 0.752 

1 .0  1.23 2.088 1.698 2.950 0.708 

2.0 1.24 

5.0 1.29 

0.Ol.M NaN03 

0.05 

0.1 

0.5 

1 .0  

5.0 

2.122 1 .711  3.000 0.707 

2.085 1.616 2.747 0.759 

1.398 

1.375 

1.414 

1.360 

1.366 

1.486 

Anrmonium Form 

Water 1.17 1.68 1.44 D - 
(NH4) gco3, 

0.05M - 1.688 - - - 
0.m 1.15 1.681 1.46 2.353 0.714 

0.5M - 1 - 687 - 2.353 0.717 

1 . O M  1.16 1.680 1.45 2.353 0.714 

2.0M 1.17  1.690 1.44 2.252 0.714 

Swelling Data from Glass C o l m  Observations 

2M NaOH 
Af te r  water r i n s e  

Rela t ive  Swelling 

A l l  Upflow Direc t ion  
Reference F la t shee t  

1 1 UP 
1 - 

F i l t e r e d  Supernate (composite) 1.11 0.96 Dam 
After water r i n s e  1.05 0.98 D m  

2M w"H)2cog - w NH40H 0.89 0.94 UP 
0.94 0.93 UP Af ter  water r i n s e  



TABLE 4.52 

Ion Exchange Capacity of "Duolite" ARC-359 Resin 
(Sul fonic  acid exchange capacity - 2.49 g eq/kg air-dry resin) 

,esin dry res in  w e t  res in  w e t  res in  

0.0047 

0.0114 

0.776 

1.58 

3.266 1.445 0.0120 

4.07 1.732 0.0144 

0.0492 2.02 4.51 1.804 0.0150 

0.0987 2.59 5.08 1.992 0.0166 

0.1926 3.13 5.62 2.153 0.0180 

0.0190 0.497 3.77 6.26 2.276 

0.964 

1.975 

4.979 

4.46 6.95 2.356 0.0196 

5.31 7.80 2.600 0.0217 

7.97 10.46 3.804 0.0317 

a .  Excess above sulfonic acid exchange capacity. 

TABLE 4 . 5 3  

Effects of Feed Na and OH- on C s  Sorption 
by "Duolite" ARC-359 Resin 

+ Na , M 

+ + 

Kd OH-, M - 
1 
2 
3 
4 
5 

5 
6 
7 - .  
8 
9 
10 

0.5 
0.5 
0.5 
0.5 
0.5 

1.0 
1.0 
1.0 
1.0 
1.0 

2.0 
2.0 
2.0 

5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
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34 3 
142 
78 
57 
40 

462 
199 
100 
70 
15 

371 
176 
110 

347 
205 
132 
90 
66 
48 



TABLE 4 . 5 4  

Effect of C s  
Cs* by "Duolite" ARC-359 Resin from 4.75M NaN03-1. OM NaOH 

Ccs+J, M Kd (obs) Xd (calc) 

0.0976 6 .35  5 .81  

+ 
Concentration on the Sorption of 

0.0443 9.01 9 .68  

0.00922 15 .4  17 .4  

0.00402 19.3 20.1 

0.000779 30.3 24 .9  

0.0000572 50.7 54.6 

0.0 (Tracer) 101 98.18 

Two-site Equation Parameters 

K,;/[Na+) = 27.7 

K '/[Na+) = 23262 

Exl - 0.773 

Ex2 = 0.00333 
52 

TABLE 4 . 5 5  

Removal o f  '''CS and Plutonium by Duotite ARC0359 Resin 
(Feed "'Cs = 2.0 eo 2.2 Ci/ga l )  

Te6t 
No. 

1 
2 
3 
4 
5 
6 
7 

8 
9 

Mncipa  1 
Catiorrcr i n  
Sludge 

None 
Fe , A1 ,Mn, U 
Fe , A1 ,Mn, U 
Fe , U ,Mn, Na 
Fe ,U, Na, A1 
A1 , U, Fe , Hg 
A l  U, Fe Ca 
AI,Fe,Ca,Mn 
None 

Swernate 
Volume, F l m  Rate 
cv C V h r  gal/kn-ftZ lS7Cs DF 

20 
20 
30 
40 
60 
40 
40 
40 
20 

1 0.22 3 . 7 ~ 1 0 '  
1 0.22 8 . 0 ~ 1 0 '  
2 0,45 4 . 2 ~ 1 0 '  
2 0.45 3 . 9 ~ 1 0 '  
3 0.67 3 . 7 ~ 1 0 ' ~  
1 0.22 4 e 2x10' 
2 0.44 3.7XPO' 
1 8.22 6. I X l O '  

1 0.22 2.9x10' 

Plutonium 
Feed, 
p Ci/ga 1 DF 

5 60 

27 8 
17 5 
65 38 
b - 
b - 
51 30 
51 42 
25,600' 300 

a. 

b. Feed composition unce r t a in .  Product composition 3.4 ( i n  Test  5) 

c. Sa tura ted  with 23BpU. 

Average over  f i r s t  40 column volumes. 
t e s t  e 

and 2.6 ( i n  Test 6)  uCi/gal .  

Others averaged over e n t i r e  

A 
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/ \  TABLE 4.56 

Srrontium Ion Exchange Cycle Schedule 

Throughput Average Flow Rate 
Stream - Cvk Gallons CV/hr spm/ftZ 

Feed 40 30,500 3,33 1.67 

Cs First Rinse 10 7,625 3.33 1.67 

Sr First Rinse 1.5 1,143 3.33 1.67 

Elute 6 4 , 572 1 0.5 

Sr 2nd Rinse 3.0 2,286 1 0.5 

Stand by 

Total 

Time 
Hours 

12 

3 

0.45 

6 

3 

6.55 

31 

Flow 
Direct ion 

Down 

Down 

Down 

vp 
UP 

* Column volume; the strontium ion exchange column will have a resin 
bed of 762 gallons with a sufficient freeboard to allow at least a 
75% expansion of the bed during backwash. 

TABLE 4.57 

Sr Distribution Coefficients for Various Ion Exchange Resins 

Resin 

"Amberlite" IRC-50 

"Amber 1 i te " IRC-84 
"Amber 1 it err IRC-7 18 

"Chelex" 1009 

"Dow ex" A 1 

"Dowex" CCR-2 

"Dowex" XFS-4132** 

"Duolite" C-464 

"Duo1 it e" E S - 4 6  7 

Distribution 
Coefficient 

31 

17 

384 

2 15 

162 

20 

306 

40 

44 0 

* "Chelex" 100 is an analytical grade of "Dowex" Al. 

** "Dowex" XFS-4132 is a macroporous version of "Dowex" Al. 

I ,  
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TABLE 4.58 

Selectivity Series for ''Amberlite" IRC-718 
Distribution Coefficients Kd f o r  Metal Ions 
in 1.03 NaOH - 4.75M NaNO? 

meqlg d r y  resin per 
- I O R  meq/mL Liquid - 
Sr 

Hg 
Yb 

Ca 

Ba 

43 
Cr 

cu 

Pb 

3250 

840 

674 

293 

176 

89 

53 

38 
28 

Strontium &'s in Other Solutions 

2M NaOH, 3.75M NaN03 

1M NaOH, 4.15M NaN03, 0.3M Na2S04 

1M NaOH, 4.15M NaN03, 0.3M Na2S04 
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TABLE 4.59  

Bulk Density of "Ionsiv" IE-95 

TNX Manufacturers 

Data55 Data54 

( lbm/f t 3 ,  (lb,/ f t 3 ,  

Dry 46.8 40 

Hydrated 56.7 46 

"Linde Ionsiv" IE-95 is marketed as an acid resistant molec- 
ular sieve [54]. Zeolites are also known for stability at higher 
pH's (<12). They are resistant to high temperature, oxidation/ 
reduction, and ionizing radiation. 
shock nor are they fouled by organics [561. 

They do not 

TABLE 4.60 

Fixation of Cs-137 on Zeolites 

Ab sorbent 

"Linde AW-500 

"Zeo 1 on" 900 

"Zeo lon" 500 

"Vermiculite" 

composition 

Chabazi t e 

Syn t he t ic 
Mordeni te 

80% Chabazite 
20% Erionite 

Size 

20 to 50 Mesh 

20 to 50 Mesh 

1/16 in. 
Pel l e ts  

20 to 50 Mesh 

exhibit osmotic 

Cs-137 Sorption* 

100% retention 
for 70 CV 
60% retention 
for 80 CV 

100% retention 
for 70 CV 
60% retention 
for 80 CV 

No retention 
after 8 CV 

No retention 
after 2 CV 

* Each column volume (100 ml) of concentrate contained Cs-137 
from about 2 liters of SRP waste supernate. 

- 4.171 - 



n 

Recvcle  
Yatcr 

A 

FIGURE 4.1  DWPF Overall Reference Flswsheet 
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c1 

t 
Supernate 

I 
Inter-Area Blend 

and S-Area Feed Systems Feed' (FS-3-1)  

I 
I 

51 udge-S1 u r r y  
Feed (FS-3-1)  

FIGURE 4.2 Sludge and Supernate Feed Preparation 
Flowsheet (FS-2) 
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To P W S  

--To Recycle 
Evaporator 
Feed Tank 
(FS-7-2) 

Sludge Feed Tank 
(FS-4- 1) 

SRT Sludge Receipt Tank 
AD Aluminum Dissolver 
DC Dissolver Condenser 
DCT Dissolver Condensate Tank 
WVS Rocess Vessel Vent System 

* These streams are added after the aluminum dissohwg step is completed. 

FIGURE 4.3 Aluminum Dissolution Flowsheet (FS-3) 

n 
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.To Slurry 
Mix Tank 
(FS-5-31 

Spray Water 

n 

Wash Water (FS-13-13, 14)$ 

To P W S  
A 

To PVVS 

To 

CHT I I 
I I 

' WT CT 
(2) 

From AI Dissolve 

I 
I 

t t  
To PWS 

SFT Sludge Feed Tank 
WT WashTank 
WC Wash Centrifuge 
CT Cenhate Tank 
CHT Centrate Hold Tank 
WSRT Washed Sludge Run Tank 
WVS Process Vessel Vent System 

FIGURE 4.4 Sludge Washing Flowsheet ( F S - 4 )  
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Evaporator 
Feed Tank 
(FS-7- 1 ) 



n 

Strontium Concentrate (FS-10-14) 

Cesium Zeolite Slurry (FS-12-14) 

SMT SlurryMixTank 
SHT SlurryHoldTank 
CFT Caiciner Feed Tank 
C Calciner I I 
M Melter 
PWS Process Vessel Vent System 

To Mechanical Cell A 

I (FS-15-1) 

L,,j 

FIGURE 4.5 Spray Calcination/Vitrification Flowsheet (FS-5) 
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From 
(FS-5 

Surav Calciner -"Yl 
V 

L 

EVS Ejector Venturi Scrubber 
EVC Ejector Venturi Cooler 
OGCT Off-Gas Condensate Tank 
PDBF Rimary Deep Bed Filter 
SDBF Secondary Deep Bed Filter 
FPT Filter Pump Tank 
RAP Ruthenium Adsorber Preheat- 
PRA Primary Ruthenium Adsorber 
SRA Secondary Ruthernun? Admrber 

FIGURE 4 ; 6  

I Sand Filter and Stack Condensate 

Canister &con Sol'n 

I /E Transfer H20 
(FS-15-32) 

I 
LAP Iodine Adsorber Reheater 
IA Iodine Adsorber 
OGC OffGasCooler 
OGE Off-GasExhauster 
P W F  Rbcw Vessel Vent Filter 
W V  RocesVesselVent 

RCT Recycle Collection Tank 
SF -Sand Filtet 

Off-Gas Treatment Flowsheet (FS-6) 
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To PVVS 

Vent to 

nt 

To OGCT 

I 

P 

w 
4 
00 

I 

Product Container 

RCT - Recycle Collection Tank 
OGCT - O l f g s  Condensate Tank 
MRT - Mercury Receipt Tank 
MF 1 - Mercury Filter No. 2 

BHT - Backwash Hold lank 
AWFT - Acid Warh Feed Tank 
AWC - Acid Wwh Column 
OT - Oxidation Tank 
OGMC - Oflgas Mercury Condenser 

MSPT - Mercury Still Product Tank 
MF 2 - Mercury Filter No. 2 
MSFT - Mercury Still Feed Tank 
MVS - Mercury Vacuum Still 
MVSC - Mercury Vacuum Still Condenser 

FIGURE 4.6A Me r c u r y Recovery F 1 owsh e e t ( FS-6A 
.. 



Cen trate 
(FS-4-25) 
AI Dissolver Condensate 

Cs Regenerant Catch Tank 
(FS-3- IO) 

(FS-9-17) 
GPE Bottoms 
(FS- 13-7) PTo pws 
Recycle Collection Tank Content 
(FS-6-38) 
Zeolite Slurry Tank 
(FS-I 2- 15) 

West Sump Collection Tanks RE 
To PVVS 

I 

REcr 

PVVS 
To GS 

Feed Tank 
(FS-8-3) To CPE 

Feed Tank 
(FS-I 3-1 ) 

REFT Recycle Evap Feed Tank 
RE Recycle Evaporator 
REBT Recycle Evap Bottoms Tank 
REC Recycle Evap Condenser 
RECT Recycle Evap Condensate Tank 
P W S  Process Vessel Vent System 

FIGURE 4.7 Recycle Evaporation F l o w s h e e t  (FS-7) 
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@ 

P 

c. 
03 
0 

1 

Pol y e k c  trcily le Solrtt i on  

F rom Zeolite Ral'ritiale 
Ilolcl 1 k (FS-I 2-9) 

rvvs PVVS PVVS PVVS PVVS PVVS rvvs 

SSRT Salt Solut ion Receipt Tank GSBT Gravi ty Settler Bottoms Tank FBWT Fi l ter  Backwash Tank 
GSFT Gravi ty Settler Feed Tank SFI Sand Fi l ter  No I WST Waste Sand Tank 
GS Gravi ty Settler IFT First F i l l ra te  Tank  FHT Fi l t rate llold Tank 
GSST Gravi ty Settler Supernate Tank  SF2 Sand F i l le r  No. 2 PVVS Process Vessel Vent Systeni 
SFFr Sand F i l te r  Feed Tank 2 F T  Second Fi l t rate Tank 

FIGURE 4.8 Settling and Filtration Flowsheet (FS-8) 

._ 



e c 

1 

P 
P 
00 
P 

I 

Spent Resiii - - - 
(FS-10-19) 

c - - -  
I 

1 
I 

2M NaOll (Cold Feed) 

Waler Rinse (FS-13-21) 

Cs Elutriaiit (FS-I 1-10) 

To Vent Scrubber 

To Cs Concentrate Feed 4 
Tank (FS-I 1-1) 

To Recycle Evaporator 
Feed Tank (FS-7-3) 
To Vent Scrubber 

(FS-I I-V23) L 

I CSET 
I 

(FS-I 1-22) 

steam-+> jRCrl , 

" " . .  
I 1 I r r ' " !  I 

I [ i J  
To PVVS 

Packaging Facility 

Recycle Collection Tank 
Frdsli (FSd-40) 
Resin .----aq- Resin Backwash 

(FS-I 3-16) 

Bounce 1 atik 
(FS-10-1.3) 

Water Rinse (FS- 13-20) 

From Filtrate Hold Tank 
(FS-8-19) 

Vent Scrubber 
(FS-I 1-24) 

IEFT Ion Exchange Feed Tank Cs ICA Cs Ion Exchange Column A 
Cs FBT Cs Feed Bounce Tank Cs ICB Cs Ion Exchange Column B 
Cs EBT Cs Elute Bounce Tank Spent Resin Tank 
Cs RCT Cs Regenerant Catch Tank f& Process Vessel System 
Cs ET Cs Eluate Tank 

Vent Scrubbet 
(FS-I 1-25) 

FIGURE 4.9 Cesium Ion  Exchange Flowsheet (FS-9) 

.. 



Sr FBT Strontium Feed Bounce Tank Sr CCT Strontium Concentrator Condensate Tank 
Sr EBT Stronlium Elute Bounce Tank PSHT Product Salt llold Tank 
Sr ET Strontium Eluate Tank PVVS Process Veswl Vent System 
Sr IC Strontium Ion Exchange Column RFVVS Regulated Facility Vessel Vent System 
Sr C Strontium Concentrator 
Sr CBT Strontium Concentrator Bottoms Tank 

FIGURE 4.10 Strontium Ion Exchange and Concentrator 
Flowsheet (FS-IO) 



c c 

To Recycle 
Evaporator 
Feed Tank 
(FS-7-14) 

I 

P 
P 
00 
tPa 

I 

To RFVVS 
(FS- 13) A 

e 

I L 

From Cs Regenernnt Catch Tank 
(FS-9-V2 1 ) 
Frpol Cs E.lriale +:ink 
(FS-9-V22) 
From Cs Feed Bounce Tank 
(FS-9-V 19) 

Prom Cs Elute Bounce Tank 
(FS-9-VZ0) 

-I -- - -  
I 

f l  0 Aminptlia (Cold Peed) 

-Carbo; Dioxide (Cold Feed) VI7 V I 8  

10 

I 
I Cs EFT I 

I Cs EMT 
To Zeolite I 

I Feed Bounce 

To PVVS To Cs Elute Bounce Tank f-- 
(FS-9-6) 

Cs CFT Cs Concentrator Feed Tank Cs VS Cs Vent Scrubber 
Cs C Cs Concentrator Cs VST Cs Vent Scrubber Tank 
Cs CBT Cs Concentrator Bottoms Tank SCT Stripper Condensate Tank 
PC Purge Condenser Cs EMT Cs Elutriant Makeup Tank 
MJT Purge Condensate Tank Cs EFT Cs Elutriant Feed Tank 
ss Steam Stripper PVVS Process Vessel Vent System 
SC Stripper Condenser RFVVS Regulated Facility Vessel Vent System 

FIGURE 4 .11  Cesium E l u t r i a n t  Recovery  and Cesium 
Concent  r a t  i o n  (FS- 1 1 ) 



A 

Flush 
(FS- 13- 19) 

ZFBT Zeolite Feed Bounce Tank 
zc Zeolite Column 
ZRBT Zeolite Raffinate Bounce Tank 
ZST Zeolite Slurry Tank 
Z R H T  Zeolite Raffinate Hold Tank 
PVVS Process Vessel Vent System 

C Cooler 

FIGURE 4.12 Cesium Fixation on Zeolite Flowsheet (FS-12) 

Tk 
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5G"S - - - --1 
I [ T W T o  Atmosphere 
I 

+To Surface Stream 

Sr Elute Bounce Tank 

Sr Feed Bounce Tank 

Cs Elute Bounce Tank 

Cs Feed Bounce Tank 

Water Flush Zeolite 

Zeolite Feed Bounce Tk 

Sr Column Backwash 

Cs Column Backwash 

(FS- IO- 10) 

(FS- 1 G5) 

(FS-9- 10) 

(FS-9-4) 

(FS- 1 2-1 0 )  

(FS-I 2-5) 

(FS-IO- 1 8) 

(FS-9-25) 

'The flow in excess of 
is included as part of 

Streams FS-2-1.3.5 (FS-14-5) 
FS-2-6. L 

CPEFT 
CPE General Purpose Evaporator 
GPEBT 
CPECT 
RFWS 
RWT Recycle Water Tank 
HEPA High Efficiency Air Filter 
H Heater 

General Purpose Evaporator Feed Tank 

General Purpose Evaporator Bottoms Tank 
General Purpose Evaporator Condensate Tank 
Regulated Facility Vessel Vent System 

F I G U R E  4.13 General-Purpose Evaporation Flowsheet (FS-13) 
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1 
To rl 

Atmosphere 

[HEPA 1 

\' 2 
I, 

t 
I - Cement 

1 " 

I I PSCT 

I 

Saltcrete 
to Trenches 

PSSST Product Salt Solution Storage Tank PSCT Product Salt Concentrate Tank 
PSE Product Salt Evaporator SCP Saltcrete Plant 
PSEC Product Salt Evaporator Condenser CFHT Concrete Flush Hold Tank 
PSECT Product Salt Evapoiator Condensate ' H Heater 

HEPA High Efficiency Air Filter Tank 

FIGURE 4.14 Product Salt Solution Concentration and 
Solidification in Concrete (FS-14) 
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Canister From 
Melter Cell 
(FS-5- IS) 

*Vacuum 

Vent to 
Caustic Scrubber 

Etch Solution (3.94 HNO3-0.4M NaF) 
From Mechanical Cell B 
(FS- 16-8) 

Etch Tank 

x- ,++ Water 

To Recycle 
Collection Tank 

(FS-6-35) 

Spent Decon 

Pump Tank 
L 

I, 

Cleaning Solution 

Cleaning Tank 
Tank 

Smears In 
Smears Out 

Smear Station Tank 
Digest cr 

'urge Water Transfer Lock 
50% NaOH 

I 

Spent Deionlzer to 
RBOF or Burial 

r t  Canister to 
>eionizer 

Cell B 
-16-1) 
Pu e to Recvcle 
Cofection Tank 
(FS-6-3 I ) 

FIGURE 4.15 Mechanical Cell A Flowsheet (FS-15) 
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Canister From 
Mechanical Cell A 

( FS- 15-1 1 ) 

I 

To Etch Tank 
In Mech. Cell A 
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FIGURE 4.20  (Deleted) 
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FIGURE 4 . 2 1  (Deleted) 
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FIGURE 4 . 2 3  Large-Scale Sludge Washing Facility 
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FIGURE 4 . 2 7  Sludge Cake in Large-Scale TNX Centrifuge 
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FIGURE 4 . 3 8  Savannah R ive r  L a b o r a t o r y  Mercury S t i l l  
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FIGURE 4.40 E f f e c t  o f  H e a t i n g  on t h e  S e t t l i n g  Rate o f  Sludge 

- 4 . 2 1 2  - 



Unheated,  '40 C o a q u l a n t  

FIGURE 4.41 Destabilization of Colloidal Suspensions 
with Heat and Starch 



2500 

2000 
B 
Q 

W 
c, 
m 
t 
L 
W 
Q 
3 
v) 

t 
.r 

1500 

1000 
al 
P, 
TI 
7 

v) 
- 

500 

0 

L 1 I I I 1 I 1  

0 10 20 30 40 50 60 
S e t t l i n g  Time, rnin 

FIGURE 4.42 Effect of Heat and Starch on Agglomeration 
and Settling Rates 

- 4.214 - 



- 125 aJ 
.Ll ca 

Q 100 

t 
L 
W 
3 
m 
0 
6 u 

V 
W 
5 75 
n 

tu 
3 
0 25 

0 

0 - PTDS No. 1 Flowsheet 
A - PTDS No. 2 Flowsheet 

0 2 4 6 8 10 12 14 16 
Allowable Settling Rate, in/hr 

F I G U R E  4 . 4 3  Allowable Settling Rates - Large-Scale 
GS Tests 

- 4.215 - 



r i b u r n  4.44 GS Samples rrom r i r s t  Large-Scale Run 

- 4.216 - 



n I I  

J- 

I 

i 

_. I 

u 
1 f t  

FIGURE 4.45 Semiworks GS Tank W-2 



1 I 1 I I 
0 5-ft diameter GS tank 

/ A  / '1 
/ 1 10-ft diameter GS tank a t- 

"Sludge Settled for 
3 to 8 hours. 

I I 
0 2 4 6 8 10 12 14 16 18 

lo3 ppm Sludge in Feed 

FIGURE 4.46 Effect of GS Feed Sludge on Settled 
Sludge Height 

- 4.218 - 



Upf 1 ow Backwash Downf 1 ow Feed 

FIGURE 4.47 Sand Filtration - 1/200th 

- 4.219 - 
1 

Rese t t l ed  Bed 

? 1 ant Sc a l e  



I 1 I 
20 - F i l t e r  Feed - GS Decanted Supernate - - 1.0 

v) 

d 
v) 

Q, 40 ppm suspended mat te r  = 18 - 
V S (h igh  caus t i c  f lowsheet)  

16 - 
-0 

14 - F i l l e d  Media - Sand, 25 x 40 mesh 

' *  5 12 - 

E 10 - 
2 8 -  

k 4 -  - 0.2 k4 2 
0 24 h r .  p l a n t  opera t ion  U " 2 -  

0 n 
nd a 

01 
rn a 
01 

0 .? 
L 
c, 
z - 6 -  

- 
30 60 90 120 150 180 210 0 

0 
Bed Volumes o f  S l u r r y  Feed 

FIGURE 4.48 Sand Filter Performance 

- 4.220 - 



F I G U R E  4.49 TNX Sand Filter Facility 
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FIGURE 4 .60  TNX Cesium Breakthrough Curves - Effect of Cesium 
Feed Concentration Using 3" x 40" Column with Feed 
Feed Type 1 
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5 .  PROCESS -EC$IXEYT REQUIRPIEhTS 

5 . 1  General 5.1 

5 . 2  Process  Equipment 5 1 

5 . 2 . 1  Aluminum D i s s o l u t i o n  5.1 

5 . 2 . 1 . 1  General ’ -5 .1  

5 . 2 . 1 . 2  Equipment S p e c i f i c a t i o n s  5.1 

5 . 2 . 1 . 2 . 1  Sludge Receipt  Tank 5 . 1  

5 . 2 . 1 . 2 . 2  Aluminum D i s s o l v e r  5.2 

5 . 2 . 1 . 2 . 3  D i s s o l v e r  Condensate Tank 5 . 2  

’ 5 . 2 . 1 . 3  Process  Control 5.2 

5 . 2 . 1 . 3 . 1  Sludge Receipt  Tank 5 . 2  

5 . 2 . 1 . 3 . 2  Alyinum Dissolver 5 . 3  

5 . 2 . 2  Sludge Washing 5.4 

5 . 2 . 2 . 1  General, 5 . 4  

5 . 2 . 2 . 2  Equipment S p e c i f i c a t i o n s  5 . 4  

5.2.2.2.1 Sludge Feed Tank 5 . 4  

5 . 2 . 2 . 2 . 2  Wash Tank 5 . 4  . \ 

5 . 2 . 2 . 2 . 3  Centrate Tank 5 . 4  . 

5 . 2 . 2 . 2 . 4  Centrate Hold Tank 5 .5  

5 . 2 . 2 . 2 . 5  Washed Sludge Run Tank 5 . 5  , 

5 . 2 . 2 . 2 . 6 ’  pash Centr i fuge  5 . 5  
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5.2.5.2 Equipment Specifications‘ 5.15 
/ 

5.2.5.2.1 Spray Dryer Off-Gas Duct 5.15 

5.2.5.2.2 Ejector/Venturi 5.15 

5.2.5.2.3 Pump-Quench Stream 5.16 

5.2.5.2.4 Ejector-Venturi Cooler 5.16 

5.2.5.2.5 Off-Gas Condensate Purge Valve 5.16 

5.2.5.2.6 Off-Gas Condensate Tank 5.17 

5.2.5.2.7 Pump-MercurySTransfer 5.17 

5.2.5.2.8 Pump-Scrub Flow to the DBF No.1 5.18 

5.2.5.2.9 Deep-Bed Filter No. 1 5.18 

5.2.5.2.10 Deep-Bed Filter No. 2 5.19 

5.2.5.2.11 ‘Filter Pynp Tank 5.19 

5.2.5.2.12 Ruthenium. Adsorber Preheater 5.19 

5.2.5.2.13 Primary Ruthenium.Adsorber 5.20 

5.2.5.2.14 Secondary Ruthenium Adsorber 5.20 

5.2.5.2.S Iodine Adsorber Preheater 5.20 

5.2.5.2.16 Iodine Adsorber 5.21 

5.2.5.2.17 Off-Gas Cooler 5.21 

5.2.5‘.2.18 Off-Gas Exhauster 5.21 

5.2.5.2.19 Recycle Water Tank 5.22 , 

ocess Vessel Vent Filter 5.22 

. A*---..-.- 

_”. _. 

. ., ’ 
, .  

5.2.5.2.21 Sand filter 5.22 - 
.5.2.5.2.22.Ventilation Exhaust Stack ‘5.23, 

1 
11 

- - 5.iii - 



5 . 2 . 6  Mercury Recovery F a c i l i r y  5 . 2 4  

5 . 2 . 6 . 1  

5 . 2 . 6 . 2  

5 . 2 . 6 . 3  

5.2 .6 .4  

5 . 2 . 6 . 5  

5 . 2 . 6 . 6  

5 . 2 . 6 . 7  

' 5 . 2 . 6 . 8  

5 . 2 . 6 . 9  

General  -5 .24  

Mercury Rece ip t  Tank , 5 . 2 5  

PumpjXercury F i l t e r  No. 1 5 . 2 5  

A c i d  Wash Feed Tank 5 . 2 5  

Punp/Acid Wash 5 . 2 5  

A c i d ,  Wzsh 5.26  

Backwash Hold.Tank 5 . 2 6  

O x i d a t i o n  Tank 5 . 2 6  

Pump Mercury F i l t e r  'No. 2 5 . 2 7  

5 . 2 . 6 . 1 0  Mercury F i l t e r  No. 2 5 . 2 7  

5 . 2 . 6 . 1 1  X e r c u r y ' S t i l l  Feed Tank 5 . 2 7  

5 . 2 . 6 . 1 2  Mercury Vacuum S t i l l / C o n d e n s e r  5 . 2 8  

5 . 2 . 6 . 1 3  Mercury S t i l l  Product  Tank 
--. 

/ 
5 . 2 8  

5 . 2 . 7  Recycle  C o n c e n t r a t i o n  5 . 2 8  

5 . 2 . 7 . 1  General  5 . 2 8  

5 . 2 . 7 . 2  Recycle  Evapora tor  Feed Tank 5 . 2 8  

5 . 2  e 7 . 3  Recycle Evapora tor  5 . 2 9  
-/ 

5 . 2 . 7 . 3 . 1  Genera l  5 . 2 9  

5 . 2 . 7 . 3 . 2  Spec if ica  t i o n s  5 . 2 9  

5 . 2 . 7 . 3 . 3  S e r v i c e s  5 . 2 9  

5 . 2 . 7 . 3 . 4  Contro l  System 5 . 2 9  

5 . 2 . 7 . 4  Recycle  Evapora tor  Bottoms Tank 5 .'30 

5.2 7 . 5  Recycle  Evapora tor  Condensate Tank 5.30 
\ 

5 . 2 . 8  S e t t l i n g  2nd F i l t r a t i o n  5.30 

5 .2 .8 .1  General 5.30 / 
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'I. 
I 

5.2.8.2 S a l t  Soiuzion Receipt Tank 5 - 3 0  

5.2.8.3 Gravi ty  S e r t l e r  Feed Tank 5-30 

5.2.8.4 Gravi ty  Sett lers (GS) 5 31 

j, 2.8.5 Gravicy S e t t l e r  Supernate Tank 5-32 

5.2.8.6 Gravity Sett ler Bottoms Tank 5.32 

5.2.8.7 Sand F i l t e r  Feed Tank 5.32 

5.2.8.8 Sand F i l t e r  No. 1 5.33 

5.2.8.9 F i r s t  F i l t r a t e  Tank 5.34 

, 

5.2.8.10 Sand F i l t e r  No. 2 5.34 

5.2.8.11 Second? F i l t r a t e  Tank 5.35 

5.2.8.12 F i l t r a t e  Hold Tank 5.35 

5 2'. 8 J 3  F i l t e r  Backwash Tank 

5.2.8.14 Waste Sand Tank 5.35 

5.2.8.15 'Prepzrat ion of P o l y e l e c t r o l y t e  f o r  

5.2.8.16 Prepara t ion  of P o l y e l e c t r o l y t e  f o r  

5.2.9 C l a r i f i e d  Supernate Decontamination 5.37 

5.35 

I Addition t o  The Gravi ty  S e t t l e r  5.36 

Addition t o  Sand F i l t e r s  ' 5.36 

5.2.9.1 General 5.37 

5.2.9.2 Cesium Ion Exchange 5.37 

5.2.9.2 ..l-'iCS 'Ion Exchange Columns 5.37 
i 

5.2.9.2.2, Ion Exchange Feed Tank 5.37 
I 

5.2.9.2.3 'I Cesium ,Feed Bounce Tank 5.38 
8 .  
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5 .  PROCESS EQUIPMENT REQUIREMENTS 

5 . 1  Genera l  

High levels of r a d i o a c t i v i t y  r e q u i r e  t h a t  t h e  equipment b e  
l o c a t e d  behind heavy s h i e l d i n g  w a l l s .  C o n t r o l s  should  be provided  
f o r  remote o p e r a t i o n .  Remote maintenance i s  r e q u i r e d .  Equipment 
i s  t o  have h i g h  r e l i a b i l i t y ,  low need f o r  maintenance,  and c a p a b l e  
of remote rep lacement .  Equipment i s  t o  b e  des igned  w i t h  p r o v i s i o n  
f o r  f l u s h i n g  i n  p l a c e  and f o r  decontaminat ion  and l i m i t e d  c o n t a c t  
maintenance a f t e r  remote removal. 

S e r v i c e s  (inc1ud:ing c o l d  f e e d s )  f o r  a l l  p r o c e s s  equipment 
are shown i n  t a b u l a r  :form i n  Tables  5 . 1  and 5.2.  

A l l  c o o l i n g  c o i l s  w i l l  be p r e s s u r i z e d  by a n  independent  w a t e r  
s o u r c e .  Heat ing  c o i l s  are p r e s s u r i z e d  by condensa te  and a i r  
p r e s s u r e .  

5.2 P r o c e s s  Equipment- 

5 .2 .1  Aluminum D i s s o l u t i o n  ( C .  T. Randal l )  

5 . 2 . 1 . 1  Genera l  

I n  t h i s  p r o c e s s  module, s o l i d  aluminum hydroxides  i n  s l u d g e  
s l u r r y  f e e d  a re  disso:lved u s i n g  NaOH as d e s c r i b e d  i n  S e c t i o n  4 .5 .2 .  
The aluminum-rich l i q u i d  phase  and t h e  aluminum-depleted i n s o l u b l e  
phase  are t r a n s f e r r e d  as a s l u r r y  t o  s l u d g e  washing where t h e  
i n s o l u b l e  phase i s  s e p a r a t e d  and washed. 

5 .2 .1 .2  Equipment S p e c i f i c a t i o n s  

5 .2 .1 .2 .1  Sludge Receipt Tank 

An a g i t a t e d  hold  t a n k  receives b a t c h  t r a n s f e r s  of 1:l s l u d g e  
s l u r r y  from blend  tanks i n  t h e  H-Area waste t a n k  farm. The t a n k  
should  b e  cooled and r e q u i r e s  l i q u i d  level ,  s p e c i f i c  g r a v i t y ,  and 
tempera ture  i n s t r u m e n t a t i o n  as w e l l  as sampling c a p a b i l i t y .  T h i s  
t a n k  should b e  c a p a b l e  of accommodatiug 3-5 days f e e d .  
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5.2.1,2.2 Aluminum Disso lver  

A d i s s o l v e r  which ope ra t e s  a t  near  atmospheric p re s su re  
r ece ives  batch t r a n s f e r s  of analyzed s ludge  s l u r r y  from t h e  
s ludge r e c e i p t  tank,  50% NaOH from cold f eed ,  and r ecyc le  water 
t o  achieve  ope ra t ing  cond i t ions  s p e c i f i e d  i n  Sec t ion  4 . 5 . 2 .  
The d i s s o l v e r  a l s o  receives g r a v i t y  sett ler bottoms and waste 
f i l t e r  media ( sand/coa l )  a f t e r  t h e  d i s so lv ing  s t e p  i s  completed 
f o r  blending be fo re  being t r a n s f e r r e d  t o  t h e  s ludge  feed  tank. 
The d i s s o l v e r  c o n s i s t s  of an a g i t a t e d ,  steam heated tank and a 
condenser. The c a p a b i l i t y  t o  r e f l u x  condensate o r  d i v e r t  i t  t o  
t h e  d i s s o l v e r  condensate tank should be  provided. The condenser 
should be s i zed  t o  accommodate t h e  maximum h e a t  duty d e l i v e r a b l e  
by t h e  steam c o i l s .  The off-gas  system should be air-purged t o  
prevent  p o s s i b l e  explos ive  concent ra t ions  of ammonia which may 
be r e l eased  dur ing  d i s so lv ing .  As an a d d i t i o n a l  s a f e t y  f e a t u r e ,  
t h e  d i s s o l v e r  should be vented t o  relieve excess  p re s su re  o r  
overflow t o  t h e  canyon ce l l .  
be equipped wi th  a t r a n s f e r  device  t o  t r a n s f e r  t he  s l u r r y  product  
t o  t h e  s ludge feed tank.  Liquid level,  s p e c i f i c  g r a v i t y ,  tempera- 
t u r e ,  and p res su re  ins t rumenta t ion  as w e l l  as sampling c a p a b i l i t y  
are requi red .  

The d i s s o l v e r  must be cooled and 

+- 

5 . 2 . 1 . 2 . 3  Dissolver  Condensate Tank 

A tank should be provided t o  accommodate drawing o f f  
d i s s o l v e r  overheads i f  requi red  t o  make concen t r a t ion  adjustments  
i n  t h e  d i s s o l v e r .  The tank should be equipped wi th  l i q u i d  level ,  
s p e c i f i c  g r a v i t y ,  and temperature  in s t rumen ta t ion  as w e l l  as 
sampling c a p a b i l i t y .  A t r a n s f e r  device  i s  r equ i r ed  t o  t r a n s f e r  
t h e  condensate t o  the  r e c y c l e  evapora tor  feed  tank.  

5.2.1.3 Process  Control  

5 .2 .1 .3 .1 Sludge Receipt  Tank 

Function 

0 Hold s ludge  feed s l u r r y  f o r  S-Canyon process ing .  

0 Provide a s ludge  s l u r r y  sample po in t .  

Controls  

0 Liquid '  l e v e l .  

0 Sample. 
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Transfers  of s ludge s l u r r y  from H-Area blend tanks are 
con t ro l l ed  by monitoring l i q u i d  level i n  t h i s  tank .  Analyses 
of tank conten ts  f o r  volume percent  suspended matter, dens i ty  
of suspended matter, weight percent  aluminum i n  suspended matter 
and [OK] are made t o  determine t h e  amount of c a u s t i c  and/or  
water t o  add t o  t h e  d i s s o l v e r .  

5 . 2 . 1 . 3 . 2  Aluminum Disso lver  

Function 

0 

0 Cool product s l u r r y  be fo re  t r a n s f e r  t o  t h e  s ludge  feed  tank. 

- 

Dissolve in so lub le  aluminum hydroxides i n  t h e  s ludge  s l u r r y  feed .  

0 Blend recycled gra .vi ty  settler bottoms and waste sand/coal  
wi th  s ludge  a f t e r  aluminum d i s s o l u t i o n  i s  complete. 

Controls  

0 Liquid level.  
0 Dissolver  po t  p re s su re .  

0 Pot temperature.  
0 

0 Condenser water/steam i n t e r l o c k .  

Automatic steam shut-off ac tua t ed  by h igh  po t  o r  
condenser cool ing  water temperature  o r  h igh  po t  p re s su re .  

Calculated q u a n t i t i e s  of s ludge s l u r r y  from t h e  s ludge  hold 
tank,  50% c a u s t i c  from cold f eed ,  and water are batched t o  t h e  
d i s s o l v e r .  For d i s s o l u t i o n ,  t h e  c a u s t i c  concent ra t ion  i s  t o  be 
increased  t o  5 M  whi le  t h e  molar r a t i o  of OH-/unsoluble aluminum 
i n  t h e  s ludge i s  t o  be 16 .  Quan t i t i e s  of s l u r r y ,  c a u s t i c ,  and 
water are c a l c u l a t e d  based on ana lyses  of t he  s ludge  s l u r r y  feed  
and maximum ope ra t ing  level i n  t h e  d i s s o l v e r .  

Boi l ing  i s  requi red  for optimum d i s s o l u t i o n  of t h e  aluminum 
hydroxides i n  t h e  s ludge.  
be con t ro l l ed  t o  prevent  ove rp res su r i z ing  t h e  d i s s o l v e r  pot .  
A po t  p re s su re  i n d i c a t o r  w i th  h igh  p res su re  alarm should be  
provided. 
f o r  a s p e c i f i c  l eng th  of time (30 minutes - 1 hour) .  

I n  opera t ion ,  t h e  boi lup  rate should 

Di s so lu t ion  a t  , t he  b o i l i n g  po in t  w i l l  be c a r r i e d  out  
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5 . 2 . 2  Sludge Washing (D.  W.  Jones)  

5 . 2 . 2 . 1  General 

Two p a r a l l e l  ba tch  washing u n i t s  are t o  be provided which 
c o n s i s t  of a wash tank ,  cen t r i fuge ,  and c e n t r a t e  tank. I n  addi- 
t i o n ,  two tanks  are requi red  f o r  i n t e r im  s t o r a g e  of t h e  s ludge 
feed  and product .  A l l  tanks should be provided wi th  s u i t a b l e  
sampling equipment, a g i t a t i o n ,  and ins t rumenta t ion  f o r  l i q u i d  l e v e l ,  
s p e c i f i c  g r a v i t y ,  and temperature .  Tank hea t ing  equipment i s  no t  
requi red .  Cooling c o i l s  requi red  only i n  t h e  s ludge feed  tank. 

5 . 2 . 2 . 2  Equipment S p e c i f i c a t i o n s  

5 . 2 . 2 . 2 . 1  Sludge Feed Tank 

A l a r g e ,  wel l -ag i ta ted  tank  is  requ i r ed  t o  r ece ive  blended 
s ludge from t h e  aluminum d i s s o l v e r  composed of d iges t ed  s ludge ,  
g r a v i t y - s e t t l e r  bottoms, and spent  f i l t e r  media. Sludge conten t  
i n  the  s l u r r y  i s  about 12% by volume. 
t o  provide good mixing and maintain s ludge ,  sand, and coa l  s o l i d s  
i n  suspension.  
volume of feed  r a p i d l y  t o  t h e  two wash tanks  a t  t h e  start of each 
ba tch  washing cyc le .  

Ag i t a t ion  must be s u f f i c i e n t  

Two pumps must be provided t o  t r a n s f e r  a con t ro l l ed  

5 . 2 . 2 . 2 . 2  Wash Tank 

Two a g i t a t e d  tanks  of a t  least 1,000 g a l l o n s  capac i ty  must be 
provided t o  receive and m i x  t h e  s ludge  and wash water, supply feed 
t o  t h e  c e n t r i f u g e ,  and s l u r r y  t h e  f i n a l  washed s ludge  cake. 
S u f f i c i e n t  a g i t a t i o n  must be provided f o r  r ap id  cake d i s p e r s i o n  
and good s o l i d s / l i q u i d  mixing. Large lumps of cake may e n t e r  
t h e  wash tank dur ing  c e n t r i f u g e  d ischarge  and must no t  be 
permit ted t o  se t t le  o r  c o l l e c t  on tank  w a l l s  o r  e n t e r  t h e  c e n t r i -  
fuge  feed  system and o b s t r u c t  feed flow. 
range  from 150 g a l l o n s  dur ing  washed s ludge  s l u r r y i n g  t o  700 g a l l o n s  
during s ludge  and wash water con tac t ing .  A v a r i a b l e  speed pump 
is requi red  t o  c o n t r o l  c e n t r i f u g e  feed  f l o w  over a range of 1-30 gpm, 
and another  pump i s  requ i r ed  t o  t r a n s f e r  t h e  washed s ludge  s l u r r y  
t o  t h e  washed s ludge  run  t ank  at t h e  end of each washing cycle .  

The mixing volume w i l l  

5 . 2 . 2 . 2 . 3  Cent ra t e  Tank 

Two, wel l - ag i t a t ed  tanks  having approvimately t h e  same capac i ty  
as a wash tank i s  r equ i r ed  t o  hold t h e  c e n t r a t e  from t h e  cen t r i fuges .  
Ins t rumenta t ion  must be provided t o  permit  on-l ine a n a l y s i s  of 
e f f l u e n t  conduct iv i ty  during t h e  f i n a l  wash. The c e n t r a t e  w i l l  

A 
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conta in  some s ludge I:<1 v o l  % > ,  and s u f f i c i e n t  a g i t a t i o n  must be 
provided t o  prevent  s o l i d s  s e t t l i n g .  A pump i s  r equ i r ed  t o  
t r a n s f e r  t h e  c e n t r a t e  t o  t h e  c e n t r a t e  hold tank a f t e r  each c e n t r a t e  
pass .  

5.2.2.2.4 Cent ra te  Hold Tank 

A wel l -ag i ta ted  tank i s  requi red  t o  hold c e n t r a t e  from each 
c e n t r a t e  tank.  A pump i s  requi red  t o  t r a n s f e r  t h e  c e n t r a t e  t o  
t h e  r ecyc le  evaporator  feed tank. 

5.2.2.2.5 Washed Sludge Run Tank 

This  tank r ece ives  and blends washed s ludge s l u r r y  from the  
two washing u n i t s .  Tank a g i t a t i o n  must be s u f f i c i e n t  t o  maintain 
s ludge s o l i d s  i n  suspension and provide good mixing. 
requi red  t o  t r a n s f e r  t he  s l u r r y  t o  t h e  s l u r r y  mix tank.  The 
s l u r r y  w i l l  con ta in  45 v o l  % sludge and i s  a Bingham p l a s t i c  f l u i d  
having a y i e l d  stress of 60 dynesIcm2 and cons is tency  of 8 cen t i -  
po i se  a t  4OoC. 
t r a n s f e r ,  and storage! equipment f o r  t h i s  s l u r r y .  

A pump i s  

Spec ia l  care must be exerc ised  i n  design of mixing, 

5.2.2.2.6 Wash Cent r i fuge  

Large ver t ical ,  so l id-wal l ,  batch basket  cen t r i fuges  are 
requi red  f o r  s ludge dewatering i n  each of t h e  process ing  s t e p s .  
These machines are t o  be dr iven  from t h e  top and discharged 
through t h e  bottom by a mechanical plow wi th  water spray  assist. 
Technical s p e c i f i c a t i o n s  f o r  t h e  wash c e n t r i f u g e  are l i s t e d  i n  
Table 5.3. The present  design b a s i s  is  f o r  a 48-in. diameter  x 
30-in. high baske t  s i z e  wi th  a 120-gallon capac i ty .  

5.2.3 Spray Drying (M. H. Tennant) 

5.2.3.1 General 

The cu r ren t  concept i s  t h a t  t h e  feed  f o r  spray  dry ing  w i l l  be 
s p l i t  t o  p a r a l l e l  spray  d rye r ,  melter, and off-gas  systems. The 
func t ion  of the  equipment i n  this module is  t o  conver t  t he  s ludge  
s l u r r y  t o  a powder s u i t a b l e  f o r  blending wi th  g l a s s  f r i t  p r i o r  t o  
v i t r i f i c a t i o n .  
the  e q u i p e n t  requi red  t o  c a r r y  out  t h e  process  (descr ibed i n  
Sect ion 4.5.5) . 

This s e c t i o n  provides  t h e  b a s i c  d a t a  f o r  designing 
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5 . 2 . 3 . 2  Equipment S p e c i f i c a t i o n s  

5 . 2 . 3 . 2 . 1  S l u r r y  Mix Tank 

A tank  i s  r equ i r ed  t o  combine washed s ludge  from t h e  washed 
s ludge  run  tank  wi th  t h e  cesium-zeol i te  s l u r r y  and t h e  s t ron t ium 
concen t r a t e .  The tank  must be equipped wi th  an a g i t a t o r  and 
s u i t a b l e  devices  t o  monitor l i q u i d  level ,  temperature ,  and s p e c i f i c  
g r a v i t y .  Cooling c o i l s  w i l l  be r equ i r ed .  S u i t a b l e  t r a n s f e r  
devices  are r equ i r ed  t o  t r a n s f e r  t h e  s l u r r y  (about 1 7  w t  % t o t a l  
s o l i d s )  t o  a s l u r r y  hold tank .  

5 2 . 3 . 2 . 2  S l u r r y  Hold Tank 

A wel l - ag i t a t ed  t ank  is  requ i r ed  f o r  inventory  and q u a l i t y  
c o n t r o l  of spray  d rye r  feed be fo re  t r a n s f e r  t o  t h e  calciner 
feed  tank.  The tank  must be equipped wi th  a n  a g i t a t o r ,  sampler,  
cool ing  c o i l s ,  and s u i t a b l e  dev ices  t o  monitor l i q u i d  level,  
s p e c i f i c  g r a v i t y ,  and temperature .  A t r a n s f e r  device  i s  requ i r ed  
t o  r e c y c l e  out-of-spec feed  t o  t h e  s ludge  feed  tank.  A second 
t r a n s f e r  device  i s  requ i r ed  t o  t r a n s f e r  in-spec feed  t o  e i t h e r  of 
two c a l c i n e r  feed  tanks. 

Q 

5 . 2 . 3 . 2 . 3  Spray Dryer Feed System 

General 

The feed  system i s  comprised of a feed tank ,  a r e c i r c u l a t i o n  
loop,  and a feed  drawoff meter ing system designed t o  d e l i v e r  feed 
a t  a r e l a t i v e l y  low flow rate  (-1.0 gpm) t o  t h e  spray  d rye r  
a tomizing nozz le  a t  p r e s s u r e s  ranging from 1 t o  2 a t m .  The con- 
c e n t r a t e d  s l u r r y  and low f low rates pose p o t e n t i a l  l i n e ,  f low 
meter ing dev ice ,  and nozz le  blockage problems. 

Ca lc ine r  Feed Tank 

A wel l - ag i t a t ed  vessel i s  r equ i r ed  t o  receive in-spec ba t ches  
The of s ludge  s l u r r y  from t h e  s l u r r y  hold tank  f o r  each c a l c i n e r .  

t ank  must b e  equipped with an  a g i t a t o r ,  sampler,  and a p p r o p r i a t e  
dev ices  t o  monitor s p e c i f i c  g r a v i t y ,  l i q u i d  level, and temperature .  
Cooling c o i l s  are r equ i r ed  t o  maintain the feed  s l u r r y  a t  40°C o r  
less [l]. A t r a n s f e r  pump i s  requ i r ed  t o  c i r c u l a t e  t h e  feed s l u r r y  
about t h e  r e c i r c u l a t i o n  loop  a t  v e l o c i t i e s  no less than  5 f t / s e c .  
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Feed C i rcu la t ion  Loop 

Since the  a c t u a l  feed r a t e  t o  t h e  spray d r y e r  nozz le  i s  rela- 
t i v e l y  low, a d i r e c t  t r a n s f e r  from t h e  feed tank  t o  t h e  spray  
nozzle  would r e s u l t  i n  f a i l u r e  t o  maintain t h e  s o l i d s  i n  suspension,  
t h e r e f o r e  posing p o t e n t i a l  problems of pluggage. 
t h e  nozz le  feed l i n e  should branch o f f  a feed loop t h a t  c i r c u l a t e s  
t h e  s l u r r y  through t h e  loop back t o  t h e  feed tank.  The p res su re  
i n  t h e  loop must be c o n t r o l l a b l e  and cont inuously monitored. 
drawoff l i n e  t o  t h e  spray dryer  feed nozz le ,  conta in ing  a flowmeter 
and a c o n t r o l  valve, must be  as s h o r t  as p o s s i b l e  t o  avoid pluggage. 
The c i r c u l a t i o n  loop and feed  drawoff l i n e  must have p rov i s ions  
f o r  f l u s h i n g  t o  prevent  pluggage problems when t h e  feed  system i s  
shut  down. 

Consequently, 

The 

Atomizing Nozzle 

The key t o  success fu l  spray drying i s  proper  a tomiza t ion  of 
t he  s ludge  s l u r r y  as i t  i s  sprayed i n t o  t h e  heated chamber. The 
a i r  rate t o  t h e  nozzle  r e q u i r e s  a system t h a t  main ta ins  t h e  a i r  
flow such t h a t  a r a t i o  of air  t o  s l u r r y  feed  i s  maintained a t  
approximately 4.00 l b - a i r / g a l  feed.  
persed i n t o  d r o p l e t s  small enough t o  dry be fo re  s t r i k i n g  t h e  
hea ted  w a l l .  I f  t he  p a r t i c l e s  do n o t  dry ,  they w i l l  s t i c k  t o  
t h e  w a l l  producing a scale t h a t  reduces h e a t  t r a n s f e r  i n t o  t h e  
chamber. A drop le t  mass median diameter of about 70 micrometers 
i s  adequate f o r  success fu l  ope ra t ion  of t h e  spray d r y e r  based on 
work c a r r i e d  ou t  a t  PNL [l]. 

The s l u r r y  should be d i s -  

An internal-mix atomizing nozz le  designed t o  handle  t h e  
a n t i c i p a t e d  s l u r r y  feed  rate should be  used t o  atomize t h e  waste. 
A Spraying System Co. Setup No. 84 nozzle  w a s  determined by PNL 
t o  provide s a t i s f a c t o r y  performance a t  flow rates from 20 t o  80 
g a l / h r .  Both t h e  f l u i d  o r i f i c e  and a i r  cap o r i f i c e  i n  t h i s  nozz le  
are 1/4 inch  i n  diameter  ( see  F igure  5.1). Larger o r i f i c e s ,  up 
t o  1/2 inch  i n  diameter,  are c u r r e n t l y  being tested and eva lua ted .  
To minimize o r i f i c e  wear by ab ras ion  and co r ros ion ,  and t h e r e f o r e ,  
extend service l i f e ,  t he  nozz le  a i r  cap w a s  f a b r i c a t e d  from 96% 
alumina [l] . 

The internal-mix nozz le  w i l l  r e q u i r e  a p res su r i zed  feed  
system. 
atomizing a i r  l i n e s  t o  areas o u t s i d e  the  canyon ce l l ,  p r e s s u r e  
sensors  t i e d  i n  wi th  t h e  s l u r r y  feed  pump should be loca ted  i n  
the  a i r  and s l u r r y  l i n e s .  In a d d i t i o n ,  a r a d i a t i o n  d e t e c t o r  
should be .pos i t ioned  a t  t h e  l o c a t i o n  where t h e  a i r  l i n e  p e n e t r a t e s  
t h e  c e l l  w a l l .  

To a s s u r e  t h a t  s ludge  s l u r r y  i s  n o t  pumped through t h e  

- 5 . 7  - 



The atomizing nozz le  should be incorpora ted  i n t o  a remotely 
r ep laceab le  assembly t o  f a c i l i t a t e  nozz le  changeout. 
assembly may inc lude  a remotely operated cleanout  needle  f o r  
removing obs t ruc t ions  from t h e  l i q u i d  and a i r  cap o r i f i c e s ;  
however, 1/4-inch o r  1/2-inch o r i f i c e s  have no t  plugged when 
f l u s h  water has  been introduced a t  t h e  end of each shutdown. 

This  

An external-mix nozz le  i s  be ing  t e s t e d  a t  PNL as a p o t e n t i a l  
replacement f o r  t h e  internal-mix nozzle .  Advantages of t h e  
external-mix nozz le  are: (1) i t  does no t  r e q u i r e  a p res su r i zed  
s l u r r y  feed  system, and (2) i t  i s  n o t  s u b j e c t  t o  r ap id  wear 
because t h e  s l u r r y  and atomizing air  mix a f t e r  l eav ing  t h e  nozz le .  
However, problems were experienced i n  earlier work wi th  nonuniform 
d r o p l e t  s i z e s  and poor a tomiza t ion  caused by spray  d rye r  chamber 
p re s su re  v a r i a t i o n s  r e s u l t i n g  from f i l t e r  blowback. Proper nozz le  
design i s  expected t o  e l i m i n a t e  these  problems. 

5 . 2 . 3 . 2 . 4  Spray Drying Chamber 

A 

The spray  dry ing  chamber i s  a l a r g e  e x t e r n a l l y  hea ted  vertical 
tube  i n t o  which t h e  atomized s ludge  s l u r r y  i s  sprayed a t  t h e  top  
center (Figure 5 . 2 ) .  A furnace  surrounds the chamber and suppl ies  
t h e  process  h e a t  load.  
maintained between 55OoC and 80OoC. However, f o r  maximum capac i ty  
t h e  chamber should be run a t  t h e  h i g h e s t  temperature  c o n s i s t e n t  
w i th  t h e  d rye r  product  me l t ing  p o i n t ,  equipment l i f e ,  and e x i s t i n g  
h e a t e r  technology. 
by temperature  sens ing  elements l oca t ed  on t h e  e x t e r i o r  spray  
chamber w a l l .  

The chamber w a l l  temperature  is t o  be  

The fu rnace  power output  i s  t o  be c o n t r o l l e d  

Sludge s l u r r y  e n t e r s  t h e  d r y e r  as s m a l l  d r o p l e t s  i n  a stream 
t r a v e l i n g  a t  very  h igh  speed and hence, induces a h igh  degree of 
tu rbulence  i n  t h e  chamber. The combination of r a d i a n t  h e a t  
t r a n s f e r  coupled wi th  t h i s  v i o l e n t  convect ive hea t  t r a n s f e r  a l lows  
evapora t ion  and dry ing  a t  a h igh  rate. Important d a t a  r e l a t i n g  
spray  d r y e r  s i z e ,  s l u r r y  feed  rate, w a l l  temperature ,  and power 
input  are l i s t e d  i n  Table 5 .4 .  

. A  scale which reduces d rye r  capac i ty ,  may d e p o s i t  on t h e  
i n t e r i o r  spray  chamber w a l l s  due t o  t h i s  v i o l e n t  convect ive hea t  
t r a n s f e r .  A side-mounted v i b r a t o r  i s  requi red  t o  keep t h i s  w a l l  
scale t o  an  inconsequent ia l  amount. Two v i b r a t o r s  s i t u a t e d  a t  
t h e  chamber midpoint and loca ted  180' a p a r t  are recommended f o r  
a 3-0 f t  diameter chamber. Larger chambers w i l l  most l i k e l y  
r e q u i r e  a d d i t i o n a l  v i b r a t o r s .  The v i b r a t o r s  are t o  be designed 
f o r  remote replacement without  r e q u i r i n g  d rye r  shutdown. 
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The powder produced i n  t h e  spray chamber f , a l l s  i n t o  t h e  cone 
below and mixes.with powder t h a t  i s  p e r i o d i c a l l y  discharged from 
t h e  f i l t e r s .  Experience both a t  PNL and a t  Karlsruhe,  Germany 
has shown t h a t  t h e  f i l t e r s  should be as c l o s e  t o  t h e  spray dry ing  
chamber as poss ib l e .  
from h o r i z o n t a l  t o  prevent  powder accumulation. Fu r the r  assurance  
of t r a n s p o r t  i s  provided by t h e  m i l d  v i b r a t i o n  of t h e  lower p o r t i o n  
of t h e  spray d rye r  caused by t h e  spray chamber v i b r a t o r .  

A l l  su r f aces  should be sloped a t  least 60" 

The spray d rye r  chamber and a s soc ia t ed  p ip ing  and hardware 
should be cons t ruc ted  of materials t h a t  are r e s i s t a n t  t o  co r ros ive  
and e r o s i v e  a t t a c k  by t h e  s ludge s l u r r y  and are unaf fec ted  by t h e  
e leva ted  ope ra t ing  temperatures.  
Alloys,  Inc . )  and Hastel loy@ IC (Cabot Corp.) are recommended 
materials of cons t ruc t ion  f o r  t h e s e  e leva ted  ope ra t ing  temperatures  
i n  presence of h a l i d e s .  

Incoloy@ 800H (Huntington 

Although i t  i s  no t  l i k e l y  t o  be needed dur ing  normal opera- 
t i o n ,  a pressure/vacuum r e l i e f  device  should be provided t o  vent  
t h e  spray  dryer  t o  t h e  off-gas system i n  t h e  event  p re s su re  l i m i t s  
are exceeded. 
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5 . 2 . 3 . 2 . 5  Off-Gas F i l t e r s  

Because of t h e  small p a r t i c l e  s i z e  of t he , sp ray -d r i ed  s ludge ,  
up t o  50% of t h e  s ludgemay be en t ra ined  i n  t h e  spray  d rye r  o f f -  
gas .  
equipment conducted by PAX, s i n t e r e d  metal f i l t e r s  are recommended 
f o r  primary e f f l u e n t  decontamination. 
i s  shown i n  F igure  5 . 3 .  

Based on e a r l y  experiments w i th  va r ious  types  of dus t  removal 

The f i l t e r  adopted by PNL 

n 

During ope ra t ion  en t r a ined  s ludge  p a r t i c l e s  removed from 
t h e  off-gas are r e t a ined  on t h e  f i l t e r  su r f ace .  
s ludge l a y e r  t h i ckness  inc reases ,  producing a corresponding 
inc rease  i n  f i l t e r  p re s su re  drop. Excessive p re s su re  drop i s  t o  
be prevented by use  of a p u l s e  of a i r  t o  d is lodge  t h e  cake. 
recommended blowback system i s  shown i n  F igure  5.3. 
a v e n t u r i  i s  intended t o  i n c r e a s e  entrainment  of f i l t e r e d  off-gas 
by t h e  blowback a i r  j e t ,  thereby  decreas ing  t h e  amount of e x t e r n a l  
a i r  requi red .  

With t i m e  t h e  

A 
The use  of 

The f i l t e r  blowback ope ra t ion  should be designed t o  minimize 
d rye r  chamber p re s su re  surges .  
surges  are blowback p u l s e  du ra t ion ,  blowback p res su re ,  off-gas 
l i n e  flow r e s i s t a n c e ,  and t h e  number of f i l t e r s  t h a t  are pulsed 
s imultaneously.  

Var i ab le s  which a f f e c t  t h e s e  

Since some powder is  smaller than  t h e  pore  s i z e  of t h e  
f i l t e r ,  some p a r t i c l e s  p e n e t r a t e  t h e  f i l t e r  and become lodged 
i n s i d e .  Pene t r a t ion  i s  g r e a t e s t  a t  t h e  s u r f a c e  but  i s  r a p i d l y  
reduced by l a r g e r  p a r t i c l e s  which b r idge  over  t h e  pores  and act  
as a f i l t e r  p recoa t .  During f i l t e r  blowback t h e  precoa t  is 
p a r t i a l l y  removed and some p a r t i c l e s  are aga in  f r e e  t o  e n t e r  t h e  
f i l t e r .  Unfor tuna te ly ,  n o t  a l l  p a r t i c l e s  are removed dur ing  
blowback r e s u l t i n g  i n  a slow accumulation. The r a t e  of accumu- 
l a t i o n  can be minimized and thus ,  f i l t e r  l i f e  maximized by 
des igning  f o r  a f i l t e r  f a c e  v e l o c i t y  of 4 f t /min .  

The f i l t e r  des ign  should be s u f f i c i e n t l y  rugged t o  prevent  
a c c i d e n t a l  breakage dur ing  handl ing and i n s t a l l a t i o n  and t o  with- 
s tand  normal ope ra t ing  condi t ions .  
are recommended t o  provide  r e s i s t a n c e  t o  vibrat ion-induced f i l t e r  
f a i l u r e  caused by t h e  spray  chamber v i b r a t o r s .  F i l t e r  material 
must be  r e s i s t a n t  t o  c h l o r i d e  and f l u o r i d e  cor ros ion .  

V ib ra t ion  i s o l a t i o n  techniques 

5 . 2 . 3 . 2 . 6  Glass F r i t  Addit ion System 

The glass forming f r i t  should be r a t e  f ed  t o  t h e  spray  d r y e r  
cane based on t h e  s ludge s l u r r y  feed t o  t h e  atomizing nozz le .  
Equipment and ins t rumenta t ion  i s  needed f o r  t r a n s p o r t i n g  and 
c o n t r o l l i n g  t h i s  f r i t  a d d i t i o n .  The c o n t r o l  system should permit 
opera t ion  over a range of f e e d / f r i t  r a t i o s .  
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5 . 2 . 4  V i t r i f i c a t i o n  (T .  A .  W i l l i s )  

5 .2 .4 .1  General 

The func t ion  of :he melter i s  t o  hea t  t h e  spray d rye r  product 
and g l a s s  f r i t  t o  t h e  re ference  v i t r i f i c a t i o n  temperature  (1150°C). 
Two concepts  t o  achieve v i t r i . f i c a t i o n  have been demonstrated.  The 
f i r s t ,  a cont inuous,  Joule-he.ated melter, is  t h e  r e fe rence  concept. 
An a l t e r n a t i v e  v i t r i f i c a t i o n  process  i s  in-can mel t ing .  F igure  5 .4  
i s  a conceptual  draw:ing of a continuous g l a s s  melter [ 5 ] .  

5.2.4.2 Equipment S p e c i f i c a t i o n s  

5.2.4.2.1 Melting Tank Sect ion - 
This  i s  t h e  s e c t i o n  of t h e  continuous g l a s s  melter where 

t h e  d r i ed  s ludge and g l a s s  f r i t  a re  heated t o  t h e  r e fe rence  
v i t r i f i c a t i o n  temperature  (115OoC). 
must be hea ted  t o  t h e  r e fe rence  molten g l a s s  temperature  and 
achieve  a v i s c o s i t y  of no more than  50 poise .  
by t h e  J o u l e  hea t ing  e f f e c t  of passing a l t e r n a t i n g  c u r r e n t  (AC) 
through opposing p a i r s  of e l ec t rodes .  

The g l a s s  i n  t h i s  s e c t i o n  

Heating i s  suppl ied  

The melter tank  h o r i z o n t a l  s u r f a c e  area s h a l l  be  1 2  t o  1 4  
square  f e e t .  This i s  based upon a design capac i ty  of 2.2 tonslday 
of g l a s s  product ion and on d a t a  from g l a s s  product ion of SRP simu- 
l a t e d  s ludge  and g l a s s  chemicals a t  Ba t t e l l e -Pac i f i c  Northwest 
Labora tor ies  [ 21 . 

The depth of t h e  melter tank s h a l l  be  approximately 2-1/2 
f e e t  t o  permit  a r e s idence  t i m e  of a t  least 1 2  hours f o r  molten 
g l a s s  a t  t h e  r e fe rence  v i t r i f i c a t i o n  temperature.  There s h a l l  
be an  a d d i t i o n a l  f reeboard of 2-1/2 f e e t  above t h i s  depth  t o  
accommodate t h e  cold cap o r  poss ib l e  foam genera t ion .  This t o t a l  
depth of 5 f e e t  i n  t h e  tank i s  t o  be r e f r a c t o r y  l i n e d  and have 
Jou le  e l e c t r o d e s  over t h e  t o t a l  5-foot depth.  

5.2.4.2.2 Throat Sec t ion  

This  s e c t i o n  connects t h e  mel t ing  tank wi th  t h e  riser s e c t i o n  
a t  the  lowermost e l eva t ion .  The riser shal l  be l i n e d  wi th  t h e  
s p e c i f i e d  molten g l a s s  con tac t  r e f r a c t o r y .  
designed wi th  t h e  maximum cross .  s e c t i o n a l  area f o r  g l a s s  flow 
p r a c t i c a b l e  i n  o rde r  t o  minimdze r e f r a c t o r y  e ros ion:  t h e  slower 
t h e  molEen g l a s s  v e l o c i t y ,  t h e  lower ‘ the  r e s u l t i n g  e r o s i o n  of t h e  
r e f r a c t o r y .  The g l a s s  temperature  i n  t h e  t h r o a t  s h a l l  be main- 
t a ined  as c l o s e  t o  t h e  r e fe rence  v i t r i f i c a t i o n  temperature  (1150°C) 
as poss ib l e .  Jou le  e l e c t r o d e s  f i r i n g  through t h e  t h r o a t  may be 
necessary t o  maTntain t h i s  temperature.  

The t h r o a t  s h a l l  be 
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The t h r o a t  a r e a  i s  probably t h e  most vu lne rab le  a r e a  f o r  
r e f r a c t o r y  f a i l u r e  and w i l l  probably be t h e  design f e a t u r e  which 
l i m i t s  t h e  melter ope ra t ing  l i f e t i m e .  
taken i n  design t o  minimize e ros ion  (low v e l o c i t i e s ) ,  co r ros ion  
(minimum r e f r a c t o r y  temperature  t o  permit g l a s s  f low) ,  and "upward 
d r i l l i n g "  ( r e f r a c t o r y  cor ros ion  on t h e  t h r o a t  c e i l i n g  probably 
caused by gases  a c c e l e r a t i n g  co r ros ion ) .  
minimized by making t h e  r e f r a c t o r y  su r face  on t h e  "ce i l i ng"  of 
t h e  t h r o a t  as smooth as p o s s i b l e ,  by adequate  cool inq ,  and by 
s lop ing  t h e  c e i l i n g  of t h e  t h r o a t  up i n  t h e  d i r e c t i o n  of t h e  
g l a s s  flow by a m i n i m u m  of 15' from t h e  ho r i zon ta l .  

Precaut ions  should be 

Upward d r i l l i n g  may be 

5 . 2 . 4 . 2 . 3  Rise r  Sec t ion  

Glass r i s e s  from t h e  t h r o a t  (a bottom underflow a rea )  t o  t h e  
pour spout .  
J o u l e  e l e c t r o d e s  i n  t h e  me l t e r  tank s e c t i o n .  The molten g l a s s  
temperature  will be maintained as c l o s e  as p o s s i b l e  t o  t h e  
r e fe rence  molten g l a s s  temperature  of  115OoC, s o  t h a t  t h e  v i s -  
c o s i t y  w i l l  be maintained less than  200 po i se .  

The r i s e r  s e c t i o n  w i l l  be  hea ted  independent ly  of t h e  

5 . 2 . 4 . 2 . 4  Electrodes 

J o u l e  hea t ing  e l e c t r o d e s  w i l l  be f a b r i c a t e d  of Inconel@ 690 
(Huntington Al loys ,  I n c . ) .  The electrical  f l u x  on t h e  e l e c t r o d e s  

w i l l  be  as uniform as p o s s i b l e  over  t h e  s u r f a c e  and w i l l  no t  
exceed 2 amps/in? dur ing  ope ra t ion  a t  s t eady  state. 
electrical  f lux  l i m i t  of 2 amps/in? may be exceeded on s t a r t u p  o r  
some l i m i t e d  t r a n s i e n t s ,  b u t  should be  he ld  t o  t h e  minimum 
p r a c t i c a b l e  above t h i s  va lue .  

The 

The e l e c t r o d e  temperature  w i l l  be he ld  t o  1050°C o r  less. 
I f  i n t e r n a l  cool ing  of t h e  e l e c t r o d e s  i s  necessary  t o  main ta in  
t h i s  1050°C temperature  l i m i t ,  a i r  cool ing  i s  p r e f e r r e d .  Opera- 
t i o n  of t h e  "Inconel" 690 e l e c t r o d e s  above 1050°C can r e s u l t  i n  
d i s t o r t i o n  of t h e  e l e c t r o d e  shape and i n  t h e  m e t a l  s t r e n g t h .  
The mel t ing  po in t  of "Inconel"690 is  1343 t o  1376OC. 

The e l e c t r o d e s  s h a l l  extend t o  t h e  t o p  of t h e  melter tank 
above t h e  "metal l i ne"  ("metal l i ne"  i s  t h e  term for molten g l a s s  
l i q u i d  l i n e ) .  Electrical  connect ions from t h e  power supply t o  
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t h e  e l ec t rodes  s h a l l  be a t  t h e  t o p  o f  t h e  e l e c t r o d e .  
case  s h a l l  t h e  e l ec t rode  p e n e t r a t e  through t h e  r e f r a c t o r y  wall 
o f  t h e  tank .  

In no 

5 . 2 . 4 . 2 . 5  R e f r a c t o r i e s  

The mel te r  tank ,  t h r o a t ,  and riser s h a l l  be l i n e d  wi th  
MonofraxB (The Carborundum Company) K-3 DCL r e f r a c t o r y  i n  
con tac t  w i th  t h e  molten g l a s s .  The r e f r a c t o r y  s h a l l  be a t  
least 6 inches th i ck .  I n  no ,portion of t h e  melter s h a l l  
molten g l a s s  be i n  contac t  wi th  opposing s i d e s  of a r e f r a c -  
to ry .  Such con tac t  would cause t h e  r e f r a c t o r y  b r i c k  t o  be  
operated a t  approximately molten g l a s s  temperature  throughout 
t o  cause r e f r a c t o r y  cor ros ion .  

Cooling s h a l l  be appl ied  t o  t h e  e x t e r i o r  of t h e  r e f r a c t o r y .  
The coolan t  w i l l  be forced through metal j a c k e t s  surrounding t h e  
r e f r a c t o r y .  
r e f r a c t o r y  l i f e  ( p a r t i c u l a r l y  t h e  t h r o a t  s e c t i o n )  i n  o r d e r  t o  
achieve  a melter l i f e  of a t  least two years .  The p r e f e r a b l e  
coolan t  i s  a i r  as d iscussed  i n  cool ing of e l ec t rodes .  

The o b j e c t i v e  of t h i s  cool ing  i s  t o  extend t h e  

There are t o  be no pene t r a t ions  through t h e  r e f r a c t o r y  i n  
t h e  tank,  t h r o a t ,  and riser s e c t i o n s  below t h e  pour spout  level 
except  f o r  one bottom d r a i n  f r e e z e  valve.  The purpose of t h i s  
requirement is  t o  minimize t h e  r i s k  of a c c i d e n t a l  dumping of 
molten g l a s s .  
des igns  which have many e l e c t r o d e  p e n e t r a t i o n s  of melter w a l l s  
and f l o o r .  Such g l a s s  i ndus t ry  des igns  have l e d  t o  numerous 
l a r g e  (mul t i ton)  s p i l l s  of mo:Lten g l a s s  onto p l a n t  f l o o r s .  

This type  design is  no t  t y p i c a l  of g l a s s  i ndus t ry  

5 . 2 . 4 . 2 . 6  Melter Pour Mechanism - 
The f i l l i n g  of c a n i s t e r s  wi th  molten g l a s s  from a continuous 

Joule-heated melter r e q u i r e s  a means of s t a r t i n g  and s topping  t h e  
flow of molten g l a s s .  
empty c a n i s t e r  and then stoppedelwhen t h e  c a n i s t e r  i s  f u l l .  The 
g l a s s  flow must remain stopped wh i l e  t h e  f u l l  c a n i s t e r  of waste 
g l a s s  i s  removed and another  empty con ta ine r  i s  moved i n t o  posi-  
t i on .  
c a l l e d  pouring. 

The flow of g l a s s  must be  s t a r t e d  t o  each 

This  ope ra t ion  of f i l l i n g  c a n i s t e r s  from t h e  melter i s  

The r e fe rence  means of pouring i s  c a l l e d  t i l t - p o u r .  The 
t i l t - p o u r  method r e q u i r e s  that: t h e ' e n t i r e  Joule-heated melter 
be t i l t e d  up t o  4 degrees  forward t o  start  t h e  pour and then  be 
t i l t e d  back t o  s top  t h e  pour. 
experimental  p ro to type  Joule-heated melter a t  PNL. The connect ions 
t o  t h e  mel te r  m u s t  a l l  be f l e x i b l e  connect ions t o  accommodate t h e  
4" of mel te r  movement on e i t h e r  s i d e  of ver t ica l .  The connect ion 
between t h e  c a n i s t e r  and t h e  spout must be designed such t h a t  t h e  

The t i l t - p o u r  method i s  used on t h e  
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v o l a t i l e  products  evolved from t h e  g l a s s  do no t  vent  t o  t h e  canyon 
v e n t i l a t i o n  system. 

An a l t e r n a t i v e  pour technique,  involv ing  close-coupling of 
t h e  pour spout and c a n i s t e r  and vary ing  t h e  p re s su re  i n  t h e  
c a n i s t e r s ,  i s  under i n v e s t i g a t i o n .  

5 . 2 . 4 . 2 . 7  Shutdown Drain 

A f r e e z e  va lve  i s  requi red  i n  t h e  bottom of t h e  melter t o  
dump the  con ten t s  of t h e  melter i n t o  a d i t c h  can i n  t h e  event  
power i s  t o  be i n t e r r u p t e d  of such a du ra t ion  t o  r e s u l t  i n  t h e  
m e l t  s o l i d i f y i n g .  The d r a i n  c o n s i s t s  of a c losu re  p l a t e ,  an 
opening-and-closing mechanism, and a r e s i s t a n c e  h e a t e r .  The 
h e a t e r  is  used t o  m e l t  t h e  f rozen  g l a s s  i n  t h e  d r a i n  tube  be fo re  
d ischarg ing  t h e  con ten t s  of t h e  melter t o  t h e  d i t c h  can. The 
connect ion between t h e  d r a i n  and d i t c h  can should be  designed 
such t h a t  t h e  v o l a t i l e  products  evolved from t h e  g l a s s  m e l t  
do n o t  e n t e r  t h e  canyon atmosphere. 

5 . 2 . 4 . 3  Ins t rumenta t ion  and Control  

The power t o  t h e  e l e c t r o d e s  w i l l  be  c o n t r o l l e d  by approp- 
r i a t e  c u r r e n t  and temperature  sens ing  devices .  Joule-heat ing 
e l e c t r o d e s  w i l l  be  a i r  cooled. Cooling a i r  r a t e  w i l l  be  con- 
t r o l l e d  by a p p r o p r i a t e  temperature  senso r s  on t h e  e l e c t r o d e s .  
The e l e c t r o d e  temperature  i s  no t  t o  exceed 1050°C. 
i s  requi red  t o  monitor t h e  level of t h e  g l a s s  m e l t .  Melt l e v e l  
should be maintained as near  cons t an t  as p o s s i b l e  dur ing  pouring. 
S u i t a b l e  temperature  senso r s  are requi red  throughout t h e  melter 
t o  main ta in  s u r v e i l l a n c e  of t h e  glass-melt  temperature ,  t h e  
e l e c t r o d e  temperature ,  and t h e  temperature  drop a c r o s s  t h e  
r e f r a c t o r y .  
power i s  l o s t .  

A device  

Emergency power i s  r equ i r ed  i n  t h e  event  normal 

5 . 2 . 5  Off-Gas Treatment System (L. F. Landon) 

5 . 2 . 5 . 1  General 

5.2.5.1.1 Spray DryerIMelter 

A DF of 1000 f o r  p a r t i c u l a t e s  generated i n  t h e  spray  d rye r  
i s  assumed ac ross  t h e  s i n t e r e d  metal f i l t e r s  f o r  material balance 
purposes.  However, t he  des ign  of t h e  scrubbing system should be 
such tha' t  i n  t h e  event  of t o t a l  bypass of t h e  f i l t e r s ,  t h e  scrub  
system should perform s a t i s f a c t o r y  a t  t h e  h igher  s o l i d s  load t o  
permit an o r d e r l y  shutdown of t h e  spray  d rye r .  
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Analyses of s ludge c u r r e n t l y  s to red  i n  t h e  waste farm 
i n d i c a t e  s i g n i f i c a n t  q u a n t i t i e s  of c h l o r i d e  and f l u o r i d e  t o  be 
p re sen t .  
d ryer  off-gas  system sugges ts  t h a t  no H C 1  and only 3 . 8 %  of 
t h e  f l u o r i d e  ( a s  HF) w i l l  pass  t h e  s in t e red  metal f i l t e rs ,  
materials s e l e c t i o n  f o r  t h e  p a r t  of t h e  off-gas system t h a t  
con tac t  t h e  scrub s o l u t i o n  should assume a l l  t h e s e  h a l i d e s  
e n t e r  t h e  scrub as H C 1  and HF. Suggested materials of con- 
s t r u c t i o n  are discussed i n  Sec t ion  10. 

Although a thermodynamics s tudy of t h e  me l t e r l sp ray  

5 . 2 . 5 . 1 . 2  Process  Vessel Vent F i l t e r  

Each canyon process  v e s s e l  i s  assumed t o  have a 50 scfm 
(dry  a i r )  vapor sweep drawn firom t h e  canyon atmosphere through 
t h e  tank  vapor space via t h e  overflow pipe.  
are combined i n t o  a s i n g l e  header  and drawn through a h e a t e r  and 
deep bed f i l t e r  p r i o r  t o  being combined wi th  t h e  canyon a i r  
exhaust .  It was assumed f o r  c u r i e  balance purposes than  t h e  
vessel ven t  a i r  purge en tered  t h e  vessel a t  a d r y  bulb temperature  
of 35°C and a w e t  bulb temperature  of 25.6'C. 
dry  bulb  temperature  i s  unchanged but  t h e  w e t  bu lb  temperature  
increased  t o  29.4'C. 

A l l  v e s s e l  v e n t s  

A t  d i scharge ,  t h e  

5 . 2 . 5 . 1 . 3  Sand F i l t e r  

The canyon atmosphere i s  combined wi th  t h e  t r e a t e d  spray 
d rye r  off-gas and t h e  vessel vent f i l t e r  e f f l u e n t  and drawn 
through a sand f i l t e r  p r i o r  t o  d ischarge  t o  t h e  atmosphere. 

5 . 2 . 5 . 2  Equipment Specificati-  

5 .2 .5 .2 .1  Spray Dryer Off-Gas Duct 

The temperature  of t h e  vapor duc t  between t h e  spray  dryer  
and e j e c t o r l v e n t u r i  i s  t o  be  maintained between 250 and 40OoC. 

5 . 2 . 5 . 2 . 2  E j  ec to r /Ven tu r i  

0 Function: To cool  t h e  spra.y d rye r  off-gas vapor t o  50'C 
and achieve condensation, s o l i d s  formation,  and coa lesc ing .  
Design f o r  a i n l e t  vapor temperature of 650°C. 

0 Operating Condit ions:  Co-current con tac t ing  of t h e  vapor 
stream wi th  a cooled (4OoC) c i r c u l a t i n g  scrub  stream. 
Estimated AP ac ross  the  e j e c t o r  - 1 5  i n .  H20. 
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0 Details: The backpressure ac ross  t h e  e j e c t o r / v e n t u r i  should 
be s u f f i c i e n t  t o  r o u t e  a s l i p  stream (equiva len t  t o  t h e  
off-gas  condensate r a t e )  of t h e  r e c i r c u l a t i o n  quench t o  t h e  
r e c y c l e  c o l l e c t i o n  tank.  
a common column t h a t  r o u t e s  t h e  condensables and noncon- 
densables  i n t o  t h e  off-gas condensate tank.  

The e j e c t o r / v e n t u r i e s  d i scharge  t o  

5 . 2 . 5 . 2 . 3  Pump-Quench Stream 

e Function: To c i r c u l a t e  a po r t ion  of t h e  con ten t s  of t h e  
off-gas  condensate t ank  through a coo le r  and t o  each e j e c t o r /  
v e n t u r i  . 

0 Operating Conditions:  Flooded suc t ion ,  5OoC. 

0 Details: The pump capac i ty  w i l l  be about 200 gpm based on 
The pump should be spared a AT of 10°C a c r o s s  t h e  coo le r .  

and on emergency power. 
be monitored. 

Discharge p res su re  and flow must 

5.2.5.2.4 Ejector-Ventur i  Cooler 

e Function: To cool  l i q u i d  c i r c u l a t i n g  from t h e  off-gas  
condensate tank  from 5 O o C  t o  4OoC. 

0 Operat ing Condit ions:  Process  s i d e  - 5OoC t o  4OoC 
Avai lab le  I n l e t  Cooling Water 

Temp - 32OC 

0 Ins t rumenta t ion  and Control :  The temperature  of t h e  process  
stream and cool ing  water stream should be monitored a t  t h e  
i n l e t  and d i scha rge  of t h e  coo le r .  Cooling water flow t o  be 
au tomat i ca l ly  c o n t r o l l e d  t o  maintain t h e  quench stream 
e n t e r i n g  t h e  e j e c t o r / v e n t u r i e s  a t  4OoC. 
cool ing  water p re s su re  i s  t o  be a t  least 15 ps ig  g r e a t e r  than  
the  quench stream pressure .  

The s h e l l  s i d e  

5.2.5.2.5 Off-Gas Condensate Purae Valve 

o Function: To r o u t e  a p o r t i o n  of t h e  r e c i r c u l a t i o n  quench 
stream (equiva len t  t o  t h e  r a t e  a t  which water vapor i s  con- 
densed from t h e  spray d rye r  off-gas stream) t o  t h e  r e c y c l e  
c o l l e c t i o n  tank. 

0 Details: The nominal purge ra te  i s  about 1 . 0  gpm. During 
normal ope ra t ion ,  t h i s  stream w i l l  con ta in  about 0.85 w t  2 .  
suspended s o l i d s .  T o t a l  f a i l u r e  of t h e  spray d rye r  f i l t e r s  
could r e s u l t  i n  a suspended s o l i d s  concen t r a t ion  of 16 w t  %. 



0 Ins t rumenta t ion  arid Control:  S u i t a b l e  l i q u i d  level senso r s  
i n  t he  off-gas condensate tank must c o n t r o l  t h e  purge valve 
opening such t h a t  t h e  1iqu.id l e v e l  i n  t h e  off-gas condensate 
tank remains e s s e n t i a l l y  cons tan t .  Because of t h e  low purge 
ra te ,  the  va lve  should o p e r a t e  i n t e r m i t t e n t l y  t o  a l low a 
l a r g e r  va lve  opening and consequently minimize the  r i s k  of 
va lve  pluggage. 

5 . 2 . 5 . 2 . 6  Off-Gas Condensate Tank 

e Function: Provide a c o l l e c t i o n  r e s e r v o i r  f o r  t he  condensables 
and t h e  source  of scrub s o l u t i o n  f o r  t h e  f i r s t  deep bed wash- 
a b l e  f i l t e r  and e j e c t o r / v e n t u r i  quench. 

0 Operating Conditions:  Temperature - 5 O o C .  

0 Details: The tank bottom must be  adequately s loped t o  a l low 
mercury t o  d r a i n  f r e e l y  t o  t h e  mercury c o l l e c t i o n  sump. 
Sump capac i ty  - 2 l i ters.  

e Ins t rumenta t ion  and Control:  This tank r e q u i r e s  s u i t a b l e  
d e t e c t i o n  devices  t o  monitor temperature,  s p e c i f i c  g r a v i t y ,  
conduct iv i ty ,  and l i q u i d  l e v e l  of i t s  contents .  The tank 
must be wel l -ag i ta ted  t o  maintain p a r t i c u l a t e s  i n  suspension.  
A sampling device  i s  requi red .  S u i t a b l e  h igh  level  and low 
l e v e l  mercury senso r s  i n  t h e  sump w i l l  c o n t r o l  ope ra t ion  of 
t h e  mercury pump. The conduct iv i ty  of t h e  tank con ten t s  
should be  cont inuously monitored. 

5 . 2 . 5 . 2 . 7  Pump-Mercury Transfer 

Function: To t r a n s f e r  t he  condensed mercury from t h e  o f f -  
gas condensate tank mercury c o l l e c t i o n  sump t o  t h e  mercury 
recovery facility. 

Operating Conditions:  Flooded s u c t i o n  - 5 O o C .  

Details: 
mercury p e r  day. 
p re s su re  range of 5-30 ps ig .  The pump w i l l  o p e r a t e  
i n t e r m i t t e n t l y .  

Pump w i l l  be -hand l ing  approximately 1.0 l i t e r  of 
Pump capac i ty  - 25 mL/min over  a d ischarge  

Ins t rumenta t ion  and Control:  S u i t a b l e  high level and low l e v e l  
mercury sensors  , monitor ing t h e  level of mercury c o l l e c t i o n  
sump, w i l l  c o n t r o l  t h e  ope ra t ion  of t h e  pump. A t r a n s f e r  of 
mercury should be stopped before  a l l  t h e  mercury i s  discharged 
s o  as t o  prevent t r a n s f e r  of t h e  scrub  s o l u t i o n  t o  t h e  mercury 
recovery f a c i l i t y  . 
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5.2.5.2.8 Pump-Scrub Flow t o  t h e  DBF No. 1 

0 Function: To d e l i v e r  t h e  appropr i a t e  amount of scrub 
s o l u t i o n  from t h e  off-gas condensate tank t o  the  spray 
nozz les  i n  t h e  DBF u n i t .  

0 Operating Condit ions:  Flooded sucr ion  - 5OoC. 

0 Details:  The pump d ischarge  i s  s p l i t  app ropr i a t e ly  t o  t h e  
spray nozz le  over t h e  top  of t h e  de-ent ra iner  pad and t o  
t h e  nozz le  t h a t  a tomizes  t h e  scrub  onto t h e  underside of 
t h e  deep-bed f i l t e r  pad. 
2 gpm and t o  t h e  upper nozz le  40 gpm. A i r  is  introduced 
( 5  scfm/qpm) i n t o  t h e  scrub  flow t o  t h e  lower nozz le  t o  o b t a i n  
proper a tomiza t ion .  The pump should b e  on emergency power. 

Design f low t o  t h e  lower nozz le  i s  

__ 
e Ins t rumenta t ion  and Control :  SuXtable devices  t o  monitor 

sc rub  flow and p res su re  t o  each spray  nozz le  are requi red .  

5.2.5.2.9 Deep-Bed F i l t e r  No. 1 

Function: Scrub a t  least 95% of t h e  p a r t i c u l a t e s  from t h e  
vapor stream. 

e Operating Conditions:  Temperature - 5OoC 
In le t  vapor flow - 7 7  acfm (703 mmHg) 
S o l i d s  load i n  scrub  -0.85 w t  % (nominal) 
AP = 6 i n .  H20 (assumed f o r  calcu-  

l a t i n g  e f f l u e n t  vapor flow) 
P a r t i c l e  diameter  - 0.3 micrometer nominal 
S u p e r f i c i a l  f a c e  v e l o c i t y  - 50-100 f t /min  

A 

e Details: The f i l t e r  should not  exper ience  a bui ldup  i n  
p re s su re  drop f o r  a maximum s o l i d s  conten t  i n  t h e  r ec i r cu -  
l a t i n g  scrub  of 61.0 w t  %. 
should be  s u f f i c i e n t l y  r e s i s t a n t  t o  r a d i a t i o n  t o  provide a 
u s e f u l  l i f e  of a t  least two y e a r s  i n  t h e  scrub  environment. 

The f i b e r  material and/or  b inder  

0 Ins t rumenta t ion  and Control :  A s u i t a b l e  device  t o  continu- 
ous ly  monitor p re s su re  drop ac ross  t h e  f i l t e r  i s  r equ i r ed .  
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5.2.5.2.10 Deep-Bed F i l t e r  No. 2 

Function: Scrub a t  least 95% of t h e  p a r t i c u l a t e s  e n t e r i n g  
t h e  u n i t  i n  t h e  vapor stream and reduce t h e  vapor tempera- 
t u r e  t o  10°C t o  condense out  mercury vapor.  

Operating Conditi.ons: Temperature - 10°C 
I n l e t  vapor f l o w -  
So l ids  load i n  scrub-  Q0.20 w t  % (nominal) 
AP - 6 i n .  H20 (assumed f o r  calcu- 

l a t i n g  e f f l u e n t  vapor flow) 
S u p e r f i c i a l  f a c e  v e l o c i t y  - 50-100 f t /min  

90 acfm (692 mm Hg) 

__. -. - 

D e t a i l s :  Same as 5 . 2 . 5 . 2 . 8  and 5.2.5.2.9. 

o Ins t rumenta t ion  and Control:  Same as 5.2.5.2.8 and 5.2.5.2.9. 

5.2.5.2.11 F i l t e r  Pump Tank 

Function: To provide a source  of r e f r i g e r a t e d  sc rub  s o l u t i o n  
f o r  t h e  DBF /I2 such t h a t  t h e  temperature of t he  vapor l eav ing  
t h e  f i l t e r  i s  a t  10°C. 

Operating Conditions:  
which b r i n e  i s  c i r c u l a t e d  from an e x t e r n a l  r e f r i g e r a t i o n  
machine. The mercury and water t h a t  is condensed i n  t h e  
DBF # 2  i s  purged t o  t h e  off-gas  condensate tank. 

Tank is t o  con ta in  cool ing  c o i l s  through 

I n s t r u n e n t a t i o n  and Control:  
c i r c u l a t i o n  tank c o i l s  i s  c o n t r o l l e d  such t h a t  t h e  vapor 
temperature  l eav ing  t h e  DElWF #2 is  10°C. 
of t h e  vapor e x i t i n g  t h e  f i l t e r  and t h e  temperature  of t h e  
scrub  should be monitored. 

The flow of r e f r i g e r a n t  t o  t h e  

The temperature  

Liquid level monitor ing i s  requi red .  

5 . 2 . 5 . 2 . 1 2  Ruthenium Adsorber Pre-Heater 

Function: 
above i t s  dew po in t .  

To raise the  temperature  of t h e  vapor stream 10°C 

Operating Conditions:  AP - about  2 i n .  of water 
Inlet flow cond i t ions  - 

12.6 lb-mole/hr noncondensables, 
0.16 lb-mole/hr water vapor 

Ins t rumenta t ion  and Control :  The steam flow t o  t h e  h e a t e r  is 
con t ro l l ed  such t h a t  t h e  vapor e f f l u e n t  i s  10°C above i t s  dew 
poin t .  
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5.2.5.2.13 Primary Ruthenium Adsorber 

o Function: Tc adsorb volatile ruthenium, from the vapor stream. 

o Details: 

- Adsorbent: Davidson Chemicals Grade 40 - Silica Gel, 
6-12 mesh 

- Adsorbent Capacity: 
- Bed Depth: 52 in. 

- Superficial Face Velocity: 
- Pressure Drop: 
- Efficiency: 99% for volatile ruthenium, 50% for particulates 

136 g ruthenim/ft3 

0.4 ft/sec (rnax) 
0.6 in. H20/in. of bed at design face velocity 

0 Instrumentation and Control: The pressure drop across the bed 
should be monitored. The concentration of Ru-106 should be 
intermittently monitored in the effluent to detect bed break- 
through. 
throughout the bed. 

The temperature of the adsorbent should be monitored 

5.2.5.2.14 Secondary Ruthenium Adsorber 

0 Function: To adsorb volatile ruthenium from the vapor stream. 

0 Details: 

- Adsorbent: Davidson Chemicals Grade 40 - Silica Gel, 
- Adsorbent Capacity: 136 g/ft3 

- Bed Depth: 52 in. 

- Superficial Face Velocity: 0.4 ft/sec (max) 
- Pressure Drop: 
- Efficiency: 99% for volatile ruthenium, 50% for particulates 

6-12 mesh 

0.6 in. H20/in. of bed at design face velocity 

o Instrumentation and Control: Same as 5.2.5.2.13. 

5.2.5.2.15 Iodine Adsorber Preheater 

o Function: To raise the temperature of the vapor stream to 
15OoC. 

o 0pera.ting Conditions: AP - 2 in. of water 
Inlet flow conditions - 

12.6 lb-mole/hr noncondensables, 
0.16 lb-mole/hr water vapor 
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0 Instrumentation and Control: The steam flow to the heater 
is controlled to maintain the vapor at a temperature of 15OoC 
entering the iodine adsorber. 

5.2.5.2.16 Iodine Adsorber 

0 Function: To adsorb 12 from the off-gas stream. 

0 Operating Conditions: Temperature - 15OoC 
Superficial velocity - 10.4 ft/sec 

0 Details: 

- Adsorbent: Aga'Z (silver-exchanged mordenite) 

- Capacity: 
- Bulk Density: 49.2 lb/ft3 

- Collection Efficiency: 99% for 12, 50% for particulates 

100 mg I2/g of adsorbent 

- Pressure Drop: 
- Gas Residence Time: >2 seconds 

0.5 in. H20/in. bed 

5.2.5.2.17 Off-Gas Cooler 

0 Function: Reduce the temperature of the vapor leaving the 
iodine adsorber t:o <50 O C  . 

0 Operating Conditions: AP - 2 in. H20 
Inlet flow - 

1 2 . 6  lb-mole/hr noncondensables, 
0.16 lb-mole/hr water vapor 

1n:Let gas temperature - 15OoC 
5 . 2 . 5 . 2 . 1 8  Off-Gas Exhauster I - 
0 Function: To draw the off-gases-generated in the spray dryer/ 

melter through the various'off-gas treatment subsystems while 
maintaining a negative pressure of 10 inches of water in the 
spray dryer. 

0 Inlet Conditions: 159 acfm at 0.56 atm vacuum. Temp - 5Ooc. 
0 Details: Exhauster should be spared and on emergency power. 
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0 Instrumentation and Control: Suitable devices to monitor 
vapor temperature and pressure at both the inlet and outlet 
of the exhauster are,required. 
online automatically if the other exhauster fails. Failure 
of both exhausters should automatically shut off feed to the 
spray dryer. 

The spare exhauster must come 

5.2.5.2.19 Recycle Collection Tank 

e Function: To accumulate one day's volume of miscellaneous 
water streams (see Figure 4 . 6 ) .  

0 Instrumentation and Control: Suitable devices to monitor 
liquid level and temperature are required. 
required to keep solids in suspension. 
required to transfer to the recycle evaporator feed tank. 

An agitator is 
A transfer device is 

5.2.5.2.20 Process Vessel Vent Filter 

Function: 
radionuclides entrained into the process vessel vents. 

Provide high efficiency filtration of particulate 

Operating Conditions: Inlet flow ---3510 acfm 
Inlet vapor temperature - > l O ° C  above 

the dew point 

Details: 
saturated with water vapor and consequently should have its 
temperature raised at least 10°C above its dew point to 
avoid condensation in the filter. It is assumed a collection 
efficiency of at least 99.9% may be attained by the filter. 
The vessel vent exhaust fans should be spared and on emergency 
power 

The vapor entering the filter is assumed to be 

Instrumentation and Control: Instrument facilities are 
required to control the temperature of the vapor entering 
the filter and to monitor the pressure drop across the 
filter. Exhaust flow from the filter need be monitored. 

5.2.5.2.21 Sand Filter 

0 Function: Provide the final stage high-efficiency filtration 
for removal of radioactive particulates before discharging 
the canyon, vessel vent and spray dryer off-gas streams to 
the environment 

e Operating Conditions: Inlet flow - About 3.6 x l o 5  acfm 
Face velocity - 5 to 6 ft/min 
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Details: Condensate c o l l e c t i o n  f a c i l i t i e s  are r equ i r ed  f o r  
t h e  sand f i l t e r  and t h e  tunne l s  lead ing  t o  t h e  sand f i l t e r .  
Condensate w i l l  be pumped back t o  t h e  r ecyc le  c o l l e c t i o n  
tank .  The sand f i l t e r  and a s soc ia t ed  fanhouse are t o  be 
maximum r e s i s t a n c e  f a c i l i t i e s .  Exhaust f ans  should be spared 
and on emergency power. The sand f i l t e r  i s  assumed t o  be 
99.9% e f f i c i e n t  f o r  par t i lc les  of 0.3 micrometer i n  d i a m e t e r .  

Ins t rumenta t ion  and Controls :  Ins t rumenta t ion  f o r  monitor ing 
and c o n t r o l l i n g  t h e  l i q u i d  levels  i n  t h e  sumps and f o r  
measuring v e n t i l a t i o n  f l o w  i s  requi red .  
ac ross  t h e  sand f i l t e r  must be cont inuously monitored. 

The p res su re  drop 

5 . 2 . 5 . 2 . 2 2  V e n t i l a t i o n  Exhaust Stack 

0 Function: To d i s p e r s e  the  exhaust a i r  from t h e  sand f i l t e r  
t o  t h e  atmosphere. 

0 Details: Stack he igh t  %2-1/2 times t h e  he ight  of t h e  adja- 
cen t  bu i ld ings .  A s t a i n l e s s  s t e e l - l i n e d  sump is  requ i r ed  i n  
t h e  s t a c k  foundat ion f o r  c o l l e c t i o n  of condensate which i s  
r e tu rned  t o  t h e  r ecyc le  c o l l e c t i o n  tank. The s t a c k  
should be a t  a d i s t a n c e  from t h e  ad jacent  bu i ld ings  of a t  
least  3 times t h e  he ight  of t h e  ad jacent  bu i ld ings  o r  
s t r u c t u r e s .  

e Ins t rumenta t ion  and Control:  A system t o  cont inuously 
inventory  t h e  quan t i ty  of r a d i o a c t i v i t y  being discharged 
t o  t h e  environment i s  r equ i r ed . .  Details of t h i s  system 
are  as fol lows:  

Sampling Poin t  a- a t  least e i g h t  (8) s t a c k  duc t  i n s i d e  
diameters downstream from t h e  las t  change of stream 
d i r e c t i o n  o r  s i d e  stream e n t r y  po in t  i n t o  t h e  main 
exhaust stream, and two (2 )  s t a c k  duct  diameters  below 
the point of discharge 

Sampler - i s o k i n e t i c  sampler fol lowing ANSI Standard 
N 1 3 . 1  c r i ter ia  

Sample Co l l ec t ion  - a 'pr imary  sample c o l l e c t i o n  system, 
p lus  a backup w i l l  be  requi red  per  proposed appendix t o  
10CFR50 f o r  chemical reprocess ing  p l a n t s  
- F i l t e r  paper c o l l e c t o r s  f o r  p a r t i c u l a t e s  

- Charcoal o r  o t h e r  s u i t a b l e  media f o r  r ad io iod ine ,  
radiorutheniuni,  etc. (.may r e q u i r e  development of 
improved c o l l e c t i o n  system) 



In - s i tu  Stack Monitoring 

- Gross beta-gamma d e t e c t i o n  (minimum) - i f  i nd iv idua l  
r ad ionuc l ides  must be i d e n t i f i e d ,  a Ge-Li system would 
be requi red  f o r  gamma emitters. Some development work 
would be r equ i r ed .  

nuc l ides  must be i d e n t i f i e d ,  a lpha  PHA o r  o the r  
d e t e c t i o n  system development would be  r equ i r ed .  

- Alpha d e t e c t o r s  (minimum) - i f  i n d i v i d u a l  TRU radio-  

After-the-Fact Stack Monitoring - c o l l e c t i o n  media would 
be  analyzed r o u t i n e l y  and i n d i v i d u a l  rad ionucl ides  
quan t i f i ed .  

Alarms and Readout 

- Audiovisual a larms from g ross  beta-gamma and a lpha  
d e t e c t o r s  should be provided a t  t h e  s t ack ,  central 
c o n t r o l  room, and Heal th  P r o t e c t i o n  monitor ing console  
(computer-based) 

Heal th  P r o t e c t i o n  monitor ing console  

be a t  t h e  s t a c k  and Heal th  P r o t e c t i o n  monitor ing console  

- Gross-count readout  should be a t  t h e  s t a c k  and a t  t h e  

- S p e c i f i c  r ad ionuc l ide  data readout ,  i f  r equ i r ed ,  should 

General 

- Emergency power is  r equ i r ed  f o r  a l l  system components 

- C a l i b r a t i o n  and source  check f a c i l i t i e s  should be 
provided a t  t h e  s t a c k  

5.2.6 Mercury Recovery F a c i l i t y  (L. F. Landon) 

5.2.6.1 General 

The r e fe rence  f lowsheet  shows t h a t  about 1 . 2  l b / h r  of 
mercury w i l l  condense and accumulate i n  t h e  off-gas  condensate 
tank. This mercury w i l l  most l i k e l y  be as a s ludge and w i l l  
require  decontamination be fo re  being placed i n  s to rage .  Because 
of t h e  low capac i ty  of t h i s  f a c i l i t y  and t h e  need f o r  s e v e r a l  
va lv ing  ope ra t ions ,  a sh ie lded  f a c i l i t y  served by master- 
s l a v e  manipulators  i s  recommended. 
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5 . 2 . 6 . 2  Mercury Receipt Tan12 

0 Function: To accumulate condensed mercury from t h e  off-gas  
condensate tank. 

0 Capacity:  One days accumulation of mercury 

0 Details: A s u i t a b l e  device  t o  cont inuously inventory t h e  
conten ts .  

5 . 2 . 6 . 3  Pump/Mercury F i l t e r  - #1 

0 Function: To remove t h e  ma jo r i ty  of p a r t i c u l a t e s  t h a t  have 
occluded t o  t h e  mercury. 

0 Details: The f i l t e r  i s  t o  be loca ted  on t h e  d ischarge  s i d e  
of t h e  mercury pump. 
p a r t i c l e  removal r a t i n g  of 4 0  microns. The f i l t e r  should 
be backwashable s o  t h a t  when p res su re  drop d i c t a t e s ,  t h e  
s o l i d s  may be f lushed  t o  t h e  backwash hold tank. Pumping 
capac i ty  - 25-50 mL/min. f looded s u c t i o n ,  p o s i t i v e  d isp lace-  
ment diaphragm pump. 

The f i l t e r  media should have a nominal 

0 Ins t rumenta t ion  and Control :  The p res su re  drop a c r o s s  t h e  
f i l t e r  should be cont inuously monitored. 

5.2 .6 .4  Acid Wash Feed Tank 

0 Function: To accumulate f i l t e r e d  mercury. 

0 Ins t rumenta t ion :  A s u i t a b l e  device  is  requi red  t o  inventory  
t h e  con ten t s  of t h e  tank. 

5 . 2 . 6 . 5  PumpIAcid Wash 

0 Function: To meter mercury t o  t h e  top of t h e  a c i d  wash 
column. 

0 Operating Conditions:. Flooded suc t ion ,  p o s i t i v e  displacement 
diaphragm pump. 

0 Pumping Capacity: 10  mL/min. 

0 Ins t rumenta t ion  and Control:  S u i t a b l e  devices  r equ i r ed  t o  
vary and monitor t h e  flow rate.  
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5.2.6.6 Acid Wash Column 

Function: To d i s s o l v e  contaminants occluded t o  t h e  mercury 
not  removed by t h e  primary f i l t e r .  

Operating Conditions:  Temperature - ambient 
Solvent - 10% "03 
Contact t i m e  - 3 seconds 

Details: 
ac id  column i n  d r o p l e t s .  The column l e n g t h  i s  t o  be s e l e c t e d  
t o  a l low a 3-second con tac t  wi th  t h e  a c i d  as t h e  d r o p l e t s  
f a l l  through t h e  mercury column. 
spacing are requi red  every 1 i n .  of column he ight .  
of p r o j e c t i o n s  should be r o t a t e d  such t h a t  t h e  mercury d r o p l e t s  
cannot f a l l  un in te r rupted  t h e  e n t i r e  l eng th  of t h e  column. 
Washed mercury overflows a barometr ic  l e g  i n t o  an  a i r  sparge  
tank.  

The mercury must be discharged i n t o  t h e  top  of t h e  

Inward p r o j e c t i o n s  on 90' 
Each r i n g  

Material of Construct ion:  The column is t o  be cons t ruc ted  of 
g l a s s  i n  o rde r  t h a t  t h e  ope ra to r  may observe t h e  mercury 
d r o p l e t s  

Solvent  Replacement: 
concen t r a t ion  f a l l s  below 1M. 
of t h e  column p e r i o d i c a l l y  i s  requi red .  P rov i s ions  t o  d r a i n  t h e  
ac id  from t h e  column i n t o  t h e  backwash hold tank  is r equ i r ed .  

The a c i d  must be rep laced  when the ac id  
The a b i l i t y  t o  sample t h e  con ten t s  

5.2.6.7 Backwash Hold Tank 

0 Funct ion:  To accumulate deple ted  a c i d  from t h e  wash column, 
f i l t e r  backflush and ac id  f l u s h e s  of t h e  mercury s t i l l .  Caus t ic  
s e r v i c e  t o  t h i s  tank  i s  requi red  t o  n e u t r a l i z e  t h e  waste p r i o r  
t o  t r a n s f e r  back t o  t h e  off-gas  condensate tank.  
are requi red  t o  remove hea t  of n e u t r a l i z a t i o n .  
requi red  * 

Cooling c o i l s  
A sampler i s  

8 Details: A t r a n s f e r  device  i s  requi red  t o  p e r i o d i c a l l y  r e c y c l e  
n e u t r a l i z e d  wastes back t o  t h e  off-gas condensate tank.  

e Ins t rumenta t ion  and Control :  S u i t a b l e  devices  are r equ i r ed  t o  
monitor temperature  and l i q u i d  level.  

5 .2 .6 .8  Oxidat ion Tank 

Q 

e Function: To ox id ize  r e s i d u a l  contaminants,  such as i r o n  and 
aluminum, t o  f a c i l i t a t e  t h e i r  removal from t h e  mercury by 
f i l t r a t i o n .  
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0 Operating Condit:ions: Te.mperature - ambient 
Sparge gas - a i r  
Contact per iod - 8 hours  

0 Details: A i r  spnrge should be through a f r i t t e d  p l a t e  t o  
achieve  good mercury /a i r  con tac t .  

0 Ins t rumenta t ion  iznd Control :  S u i t a b l e  devices  are requi red  
t o  monitor a i r  f:Low t o  th!e tank and t h e  l i q u i d  level i n  t h e  
tank.  

5.2.6.9 Pump ?dercury F i l t e r  - 82 

Function: To pump t h e  mercury through mercury f i l t e r  #2  

0 Operating Conditions:  Flooded suc t ion ,  p o s i t i v e  displacement 
diaphragm pump. 

0 Details: Pumping capacit:y w i l l  be  of t h e  o rde r  of 25-50 mL/min. 

0 Ins t rumenta t ion  and Control:  The pumping rate and d ischarge  
p res su re  should 'be monitored. 

5.2.6.10 Mercury F i l t e r  /I2 -- 

0 Function: To f i l t e r  out  t h e  contaminant oxides  formed dur ing  
a i r  oxida t ion .  

0 Operating Conditions:  Temperature - ambient. 

0 Details: P a r t i c l e  removal r a t i n g  - nominal - 40 microns.  

The f i l t e r  should be backwashable t o  f a c i l i t a t e  f lu sh ing  
t h e  s o l i d s  i n t o  t h e  backwash tank. 

0 Ins t rumenta t ion  and Control :  The p res su re  drop a c r o s s  t h e  
f i l t e r  should be cont inuously monitored. 

5.2.6.11 Mercury S t i l l  Feed Tank 

0 Function: To supply f i l t e r e d  feed a t  a con t ro l l ed  rate t o  

- 
t h e  s t i l l  

0 Instrumentat ion:  Liquid Level 
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5.2.6.12 Mercury Vacuum St i l l /Condenser  

0 Funct ion:  To provide a f i n a l  decontamination s t e p .  

0 Operating Conditions:  System p res su re  - about 5 x 10 t o r r  -2 

Pot temperature  - about 195OC 
Rate - 10 l b / h r  

s Details:  The condensed mercury is  t o  be rece ived  i n  t h e  
mercury s t i l l  product tank.  

0 Ins t rumenta t ion  and Control:  S u i t a b l e  devices  are requi red  
t o  monitor t h e  pot  temperature ,  vacuum, condensate temperature ,  
power t o  h e a t e r s ,  and cool ing  water flow t o  t h e  condenser. 

5.2.6.13 Mercury S t i l l  Product Tank 

0 Function: To accumulate condensate from t h e  vacuum s t i l l .  

0 Instrumentat ion:  S u i t a b l e  device  requi red  t o  monitor 
temperature and l i q u i d  level.  

.- - 
7 2 . 7  Recycle Concentrat ion (L. F. Landon) 

5 .2 .7.1 General 

The func t ion  of t h i s  module i s  t o  dewater misce l laneous  
i n t e r n a l l y  generated waste streams f o r  r e c y c l e  t o  t h e  g r a v i t y  
s e t t l i n g / f i l t r a t i o n  module. 
evapora tors  p r e s e n t l y  used f o r  221 Canyon service should se rve  
as t h e  des ign  b a s i s  f o r  t h e  r e c y c l e  evaporator .  Present  des ign  
f e a t u r e s  and s p e c i f i c a t i o n s  of t h e  evapora tors  p r e s e n t l y  i n  
service are shown on t h e  fo l lowing  drawings: 

The des ign  of t h e  cont inuous 

D 111221 D 118284 D 137553 S5-2-2095 
D 111222 D 118285 D 137599 S5-2-5894 
D 118282 D 118286 D 137815 
D 118283 D 118287 D 164001 

5.2.7.2 Recycle Evaporator Feed Tank 

A v e s s e l  i s  t o  be provided t o  combine miscel laneous waste 
streams and provide feed t o  t h e  evaporator  a t  a c o n t r o l l e d  ra te .  
The tank i s  t o  be  equipped wi th  an a g i t a t o r ,  sampler ,  and 
ins t rumenta t ion  t o  monitor l i q u i d  level ,  s p e c i f i c  g r a v i t y ,  and 
temperature.  A ra te  pump i s  requi red  t o  c o n t r o l  t he  feed  r a t e  
t o  t h e  evapora tor .  
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5 . 2 . 7 . 3  Recycle Evaporator 

5 . 2 . 7 . 3 . 1  General 

F igure  5 . 5  i s  a drawing of t h e  continuous w a s t e  evaporator  
c u r r e n t l y  i n  canyon. service and should se rve  as a design b a s i s  
f o r  t h e  r ecyc le  eva.porator. The de-entrainment bubble cap t r a y s  
must be replaced wi.th wire-mesh s e p a r a t o r s  t o  a t t a i n  t h e  d e s i r e d  
o v e r a l l  decontamination f a c t o r  (106) . 
5 . 2 . 7 . 3 . 2  S p e c i f i c a t i o n s  

0 Capacity:  12 ,578  l b / h r  ( feed)  

0 Feed: S p e c i f i c  g r a v i t y  -- 1.03 
So l ids  content  - 6 . 3  w t  % ( so lub le )  

- 0 .079  w t  % ( in so lub le )  

0 Decontamination Factor :  106 

0 Boiloff  Rate: 10 ,297  l b h r  

0 Concentrate:  Spec i f i c  g r a v i t y  - 1.17 
Temperature - 104'C 
So l ids  conten t  - 34 .8  w t  % ( so lub le )  

- 0.44 w t  % ( in so lub le )  

0 Steam Pressure :  25 ps ig  maximum 

0 S t e a m  Consumption: 1 . 1 5  l b  s team/ lb  overheads 

0 Pot Pressure :  About 1-4 i n .  H20 

5 . 2 . 7 . 3 . 3  Services  

See F igure  5.6. 

5 . 2 . 7 . 3 . 4  Control  System _ -  

The des i r ed  s p e c i f i c  g r a v i t y  is  ' t he  primary ope ra t ing  
parameter.  
continuous canyon waste evapora tor .  Steam flow is  set t o  
achieve t h e  d e s i r e d  boi lup  irate: Feed flow i s  cont inuous t o  
achieve t h e  des i r ed  specific:  g r a v i t y  and i s  con t ro l l ed  and 

- monitored by a Hackman h a t  c o n t r o l l e r .  As t h e  feed  i s  fed t o  
t h e  r e b o i l e r ,  concen t r a t e  overflows t h e  w e i r  t o  t h e  bottoms 
tank,  thus  maintaining cons tan t  s p e c i f i c  g r a v i t y  and l i q u i d  level.  

Control  philosophy w i l l  be as used i n  t h e  present  
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5 . 2 . 7 . 4  Recycle Evaporator Bottoms Tank 

A t ank  i s  t o  be Frovided t o  r e c e i v e  t h e  evaporator  concen- 
t r a t e .  The tank  i s  t o  be  equipped wi th  an  a g i t a t o r ,  sampler, 
cool ing  c o i l s ,  and s u i t a b l e  ins t rumenta t ion  t o  monitor l i q u i d  
l e v e l ,  s p e c i f i c  g r a v i t y ,  and temperature.  A t r a n s f e r  device  
i s  t o  be provided t o  t r a n s f e r  con ten t s  t o  t h e  g r a v i t y  sett ler 
feed tank.  

5 . 2 . 7 . 5  Recycle Evaporator Condensate Tank 

A tank must be provided t o  c o l l e c t  t h e  overheads from t h e  
evaporator  condenser. The tank must be equipped w i t h  cool ing  
c o i l s ,  a g i t a t o r ,  sampler,  and s u i t a b l e  ins t rumenta t ion  t o  monitor 
temperature ,  s p e c i f i c  g r a v i t y ,  and l i q u i d  level. A t r a n s f e r  pump 
i s  requi red  t o  t r a n s f e r  condensate t o  t h e  general-purpose 
evapora tor  feed tank  f o r  a d d i t i o n a l  decontamination. 

5 . 2 . 8  S e t t l i n g  and F i l t r a t i o n  (E. J. Weber) 

5 . 2 . 8 . 1  General 

The func t ion  of t h e  equipment i n  t h i s  module i s  t o  reduce 
t h e  suspended matter i n  feed t o  t h e  ion  exchange beds t o  1 ppm 
o r  less. This  s e c t i o n  provides  t h e  b a s i c  d a t a  f o r  des igning  t h e  
equipment necessary  t o  c a r r y  out  t h e  process  (descr ibed  i n  d e t a i l  
i n  Sec t ion  4 . 5 ) .  

5 . 2 . 8 . 2  S a l t  So lu t ion  Receipt Tank 

A t ank  i s  requi red  t o  accumulate t h e  superna te  feed from t h e  
tank  farm. The tank  i s  t o  be equipped wi th  a sampler,  a g i t a t o r ,  
and s u i t a b l e  devices  t o  monitor temperature ,  l i q u i d  level,  and 
s p e c i f i c  g r a v i t y .  A t r a n s f e r  device  i s  r equ i r ed  t o  t r a n s f e r  
con ten t s  t o  t h e  g r a v i t y  set t ler  feed tank.  

5 . 2 . 8 . 3  Gravi ty  S e t t l e r  Feed Tank 

A t ank  i s  requi red  t o  accumulate and blend r ecyc le  evapora tor  
bottoms, waste tank  superna te ,  and sand f i l t e r  backwash. The tank  
con ten t s  may have t o  be heated as h igh  as 95OC p r i o r  t o  t r a n s f e r  t o  
t h e  g r a v i t y  sett lers.  The tank  i s  t o  be equipped wi th  a sampler,  
a g i t a t o r ,  and s u i t a b l e  devices  t o  monitor temperature ,  l i q u i d  level ,  
and s p e c i f i c  g r a v i t y .  A system of pumps i s  requi red  t o  t r a n s f e r  
heated s l u r r y  t o  any g r a v i t y  set t ler .  
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5.2 .8 .4  G r a v i t y  S e t t l e r s  (C:s) 

The number of  g r a v i t y  s e t t l e r s  r e q u i r e d  i s  p r i m a r i l y  
dependent on t h e  d e s i g n  maximum s o l i d s  s e t t l i n g  rate of 20 i n c h e s  
p e r  hour  (1.66 f t / h r ) .  I n  a d d i t i o n ,  t h e  t o t a l  t i m e  c y c l e  must 
i n c l u d e  t h e  a d d i t i o n  and mixing of s t a r c h ,  t h e  rate of r e c e i p t  of 
s l u r r y  f e e d ,  rate of  t r a n s f e r  of s u p e r n a t e  and s l u d g e ,  and t i m e  
needed t o  resuspend t h e  s ludge .  Misce l laneous  i t e m s ,  such  as 
s u p e r n a t e  r e q u i r i n g  rework, sampling,  a w a i t i n g  sample r e s u l t s ,  
e t c . ,  should  a l s o  b e  c o n s i d e r e d .  Heat ing  w i l l  b e  done i n  a n  
upstream t a n k .  Cooling w i t h  a water j a c k e t  should  be a d e q u a t e  t o  
r e d u c e  tempera ture  of s u p e r n a t e  t o  2530°C o v e r  t h e  s e t t l i n g  p e r i o d .  

A d d i t i o n a l  s p e c i f i c a t i o n s  i n c l u d e :  

e 

e 

e 

0 

e 

e 

e 

e 

e 

GS bottoms r e c y c l e  - 7 % .  
Cold f e e d  service f o r  r e c e i p t  of s t a r c h  s o l u t i o n .  

S tandard  canyon - f l a t  bottom tank .  

I n t e r n a l  s u r f a c e s  ( o t h e r  t h a n  t h e  t a n k  i t s e l f )  must n o t  s l o p e  
more t h a n  30" w i t h  t h e  ver t ica l  t o  p r e v e n t  accumula t ion  of 
s o l i d s .  

V a r i a b l e  speed a g i t a t i o n  and b a f f l e s  similar t o  t h o s e  of t h e  
TNX W-2 t a n k  d e s i g n ,  b u t  s l o p e  of t h e  t o p  b l a d e s  i s  no more 
t h a n  30" ( t o  p r e v e n t  accumulat ion o f  s o l i d s )  

For  t o p  s u p e r n a t e  removal., a pump i s  p r e f e r r e d .  Clear super-  
nate above t h e  pump o r i f i . c e  should  p r o v i d e  a t  least 8 h o u r s  of 
f i l t e r  f e e d  ( U 2 0  i n c h e s ) .  D i s t a n c e  below t h e  pump o r i f i c e  
should  accommodate several s l u d g e  b a t c h e s  (%30 i n c h e s ) .  

1 molar  c a u s t i c  r i n s e  of decant  pump and i t s  s u c t i o n  p i p e .  
This  assumes a "lJ"-tube decant  p i p e  and w i l l  r educe  t h e  s o l i d s  
c a r r y o v e r  i n  t h e  superna t  e. 

Samplers spaced (st 5-inch and 10-inch levels below t h e  decant  
pump o r i f i c e .  Sampler e f f l u e n t  is r e c y c l e d  t o  g r a v i t y  se t t le r  
f e e d  tank .  

A t r a n s f e r  d e v i c e  f o r  s l u d g e - r e m o v a l  w i t h  s u c t i o n  o r i f i c e  
about  2 t o  4 i n c h e s  above t a n k  bot tom..  

Rout ine s p e c i f i c  g r a v i t y  )and l i q u i d  level measurements. 
However, b e f o r e - t h e  s e t t l i n g  phase i s  i n i t i a t e d ,  any a i r  used 
i s  t u r n e d  o f f  t o  t h e  d i p  l e g s , o f  t h e s e  i n s t r u m e n t s  t o  p r e v e n t  
a i r  b u b b l e s ' f r o m  d i s t u r b i n g - s e t t l i n g .  Temperatures  are t o  be 
measured and recorded  a t .  t h e s e  l o c a t i o n s  : 

- I n  s l u d g e  l a y e r  

- I n  s u p e r n a t e  n e a r  decant  pump o r i f i c e  

- Approximately 2 f t  benea th  l i q u i d  level  
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Fur the r  des ign  cons ide ra t ion  inc ludes  knowledge of t h e  
s ludge  he igh t  i n  t h e  se t t le r .  I n  t h e  p l a n t ,  samples  w i l l  be 
taken from each s l u r r y  ba tch  t o  monitor t he  s ludge he igh t  and 
a s s u r e  c l ean  s e p a r a t i o n  of supe rna te  product  from the  s ludge .  
The s ludge  concen t r a t ion  i s  analyzed by c e n t r i f u g i n g  the  s l u r r y  
feed  i n  a l a b  u n i t  a t  10,000 g ' s  f o r  3 minutes.  Corresponding 
he igh t  of t h e  s ludge  l a y e r  a f t e r  3 t o  8 hours s e t t l i n g  i s  shown 
i n  F igure  4 . 4 6 .  For example, i f  a n a l y s i s  shows 6000 ppm s ludge ,  
a s e t t l e d  s ludge  he igh t  of some 3.9 inches  would be expected f o r  
100 inches  of s l u r r y  feed .  Consequently, t h e  decant  pump o r i f i c e  
should be l o c a t e d  about 10 inches  above t h e  tank bottom t o  
provide 6 inches  of clear supe rna te  above a s i n g l e  s ludge  ba tch .  
For t h r e e  ba tches ,  t h e  decant  o r i f i c e  would be r a i s e d  to about  
1 8  inches .  Samples  ob ta ined  from 5 t o  10 inches  beneath t h e  
decant  o r i f i c e  w i l l  confirm supe rna te  c l a r i t y  before  product  
decant ing i s  s t a r t e d .  

5 . 2 . 8 . 5  Gravi ty  S e t t l e r  Supernate  Tank 

This tank  r e c e i v e s  t h e  decanted supe rna te  from t h e  g r a v i t y  
se t t le r  u n i t s .  It should be  equipped w i t h  a sampler,  a g i t a t o r ,  and 
detection devices t o  monitor liquid l eve l ,  temperature, and specific 
g r a v i t y .  A t r a n s f e r  dev ice  i s  r equ i r ed  t o  r e c y c l e  off-spec super- 
n a t e  back t o  t h e  g r a v i t y  settler feed tank.  A second t r a n s f e r  
device  i s  requ i r ed  t o  t r a n s f e r  accep tab le  supe rna te  t o  t h e  sand 
f i l t e r  feed tank.  

5 .2 .8 .6  Gravi ty  S e t t l e r  Bottoms Tank 

This  tank  receives t h e  s ludge  l a y e r  t h a t  i s  j e t t e d  from each 
GS u n i t .  It should b e  equipped wi th  a sampler ,  a g i t a t o r ,  and 
d e t e c t i o n  dev ices  t o  monitor l i q u i d  level ,  temperature ,  and s p e c i f i c  
g r a v i t y .  A t r a n s f e r  dev ice  i s  requ i r ed  t o  t r a n s f e r  tank  con ten t s  
t o  t h e  aluminum d i s s o l v e r  

5 . 2 . 8 . 7  Sand F i l t e r  Feed Tank 

This tank  receives g r a v i t y  sett ler f i l t r a t e  t h a t  meets spec i -  
f i c a t i o n s  (<50 ppm suspended m a t t e r )  from t h e  g r a v i t y  settler 
superna te  t ank  and z e o l i t e  column r a f f i n a t e .  The tank should 
be  equipped wi th  an a g i t a t o r ,  sampler,  and d e t e c t i o n  dev ices  t o  
monitor l i q u i d  level,  tempera ture ,  and s p e c i f i c  g r a v i t y .  A rate 
pump i s  reqiiired t o  feed  t h e  No. 1 sand f i l t e r  a t  a f low of 
1.15 gpm/ft2 of f i l t e r  area. The t ank  must be  equipped wi th  
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cool ing c o i l s  and c h i l l e d  water t o  con t ro l  t h e  feed  temperature  
a t  <25OC. 
i s  de l ive red  from Cold Feed and blended wi th  t h e  superna te  j u s t  
before  en te r ing  t h e  sand f i l t e r  a t  a ra te  of 0.05 gpm/ft2. 

Anionic p o l y e l e c t r o l y t e  s o l u t i o n  ( see  Sec t ion  5.2.8.16) 

5.2.8.8 Sand F i l t e r  No. 1 

The func t ion  of t h i s  u n i t  i s  t o  reduce t h e  suspended matter i n  
superna te  t o  about 5; ppm. Spec i f i ca t ions  are as fol lows:  

e Downflow feed r a t e  - 1 .2  ,gpm/ft2 

e Top l a y e r  - 8 in .  an th rac : i t e  coa l ,  20-30 mesh 

Bottom l a y e r  - . 2 4  i n .  sand, 25-40 mesh 

Freeboard above f i l t e r  - :>60% 

0 Backflush r a t e  - 1 5  gpm/ft2 ( l i q u i d ) ,  4 s c fm/ f t2  ( a i r )  

(Expected backwash frequency - 24 t o  48 hours)  

Provis ion  f o r  occas iona l  n i t r i c  a c i d  (3-4M) f l u s h i n g  of t h e  
sand f i l t e r  i s  requi red  t o  d i s so lve  mudballs o r  o t h e r  formations 
which w i l l  p lug the  u n i t s .  It may a l s o  be necessary  t o  d i s s o l v e  
excess ive  r a d i o a c t i v e  d e p o s i t s  i n  the  f i l t e r  which could reduce 
adsorp t ion  e f f i c i e n c y  by d e s t r u c t i o n  of p o l y e l e c t r o l y t e .  I f  i t  
i s  determined a c i d  f lu sh ing  is requi red  a f t e r  normal backf lush ings ,  
t h e  supernate  i s  dra ined ,  and t h e  f i l t e r  backflushed wi th  U4 NaOH 
t o  remove most of t h e  A 1  and minimize i t s  poss ib l e  p r e c i p i t a t i o n  
i n  t h e  bed. Af t e r  d r a i n i n g  t:he NaOH s o l u t i o n ,  process  water i s  
used t o  backwash r e s i d u a l  c a u s t i c  from the  column. 
vent ing  i s  necessary during c:areful ac id  a d d i t i o n  and r eac t ion .  
When mudballs o r  o t h e r  depos i t s  have been d i s so lved ,  t he  column 
i s  dra ined ,  given a w a t e r  r i n s e ,  followed by a lM NaOH r i n s e  before  
resuming rou t ine  opera t ions .  Acidic  backwashes are t r a n s f e r r e d  t o  
the  f i l t e r  backwash tank and made a l k a l i n e  p r i o r  t o  r ecyc le  t o  GS. 

Adequate f i l t e r  

S t a r t u p  fol lowing t h e  n i t r i c  a c i d  f l u s h  may i n d i c a t e  rep lace-  
ment of f i l t e r  media i s  requi red  i f  AP o r  r e s i d u a l  r a d i o a c t i v i t y  
remains too high,  o r  adsorp t ion  e f f i c i e n c y  ( f i l t r a t e  q u a l i t y )  i s  
too  low. 
an th rac i t e / sand  t o  a s u i t a b l e  s t o r a g e  v e s s e l .  From s t o r a g e ,  t h e  
con ten t s  a r e  p ropor t iona l ly  blended i n t o  t h e  aluminum d i s s o l v i n g  
f a c i l i t i e s .  A l l  t r a n s f e r s  r e q u i r e  f l u i d i z i n g  t h e  med ia  wi th  1M 
NaOH s o l u t i o n  before  j e t t i n g .  Proper grades of an th rac i t e / sand  

Provis ion  is  t h e r e f o r e  requi red  f o r  t r a n s f e r  of 
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a r e  needed as replacement t o  t h e  appropr i a t e  f i l t e r  u n i t .  
new media i s  a l s o  s l u r r i e d  and t r a n s f e r r e d  i n  1M NaOH s o l u t i o n ,  
s i n c e  low pH i n  t h e  sand f i l t e r  may p r e c i p i t a t e  alumina, thus  
c r e a t i n g  excess ive  AP. 

The 

Ins t rumenta t ion  requirements  a s soc ia t ed  wi th  t h e  No. 1 sand 
f i l t e r  are as fol lows:  

e AP. 

e Temperature of feed and e f f l u e n t  streams. 

e Gamma monitor ing j u s t  above t h e  an th rac i t e / sand  i n t e r f a c e  
e x t e r n a l  t o  t h e  f i l t e r  ( t o  prevent  t h e  accumulation of radio- 
a c t i v i t y  t h a t  might degrade the  p o l y e l e c t r o l y t e ) .  

5.2.8.9 F i r s t  F i l t r a t e  Tank 

This  tank r e c e i v e s  t h e  f i l t r a t e  from sand f i l t e r  No. 1 and 
f eeds  sand f i l t e r  No. 2. It must be equipped wi th  a sampler,  
a g i t a t o r ,  and d e t e c t i o n  dev ices  t o  monitor l i q u i d  l e v e l ,  tempera- 
t u r e ,  and s p e c i f i c  g r a v i t y .  Cooling c o i l s  and c h i l l e d  w a t e r  are 
requi red  t o  maintain sand f i l t e r  feed < 2 S o C .  
t h e  No. 2 sand f i l t e r  a t  1.15 gpm/ft2. 
t o  i n t roduce  an ion ic  p o l y e l e c t r o l y t e  s o l u t i o n  i n t o  t h e  feed t o  
t h e  No. 2 sand f i l t e r  j u s t  be fo re  t h e  i n l e t  t o  t h e  f i l t e r .  
P o l y e l e c t r o l y t e  feed  rate i s  0.05 gpm/f t2. 

A r a t e  pump feeds  
P rov i s ions  are requ i r ed  

5.2.8.10 Sand F i l t e r  No. 2 

The func t ion  of t h i s  u n i t  i s  t o  reduce t h e  suspended matter 
i n  superna te  t o  1 ppm o r  less. 

8 Downflow feed r a t e  - 1.2 gpm/ft 

S p e c i f i c a t i o n s  are as fol lows:  

2 

e Top l a y e r  - 3 i n .  a n t h r a c i t e  c o a l ,  30-50 mesh 

Bottom l a y e r  - 18 i n .  sand, 40-60 mesh 

a Freeboard above f i l t e r  - >140% 

e Backflush ra te  - 15 gpm/ft2 ( l i q u i d ) ,  4 sc fm/ f t2  ( a i r )  

Addi t iona l  s p e c i f i c a t i o n s  are as i n  Sec t ion  5.2.8.8. 
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5 . 2 . 8 . 1 1  Second F i 1 t : r a t e  Tan'k 

T h i s  t a n k  r e c e i v e s  t h e  f i l t r a t e  f r o m - t h e  No. 2 sand f i l t e r .  
It must b e  equipped w i t h  a sampler ,  a g i t a t o r ,  and d e t e c t i o n  devices 
t o  monitor  l i q u i d  l e ~ : ~ e l ,  tempera ture ,  and s p e c i f i c  g r a v i t y .  A 
t r a n s f e r  d e v i c e  i s  r e q u i r e d  t o  t r a n s f e r  of f - spec  f i l t r a t e  t o  
t h e  sand f i l t e r  feed  tank.  A second t r a n s f e r  d e v i c e  i s  r e q u i r e d  
t o  t r a n s f e r  a c c e p t a b l e  f i l t r a t e  t o  t h e  f i l t r a t e  hold tank .  

5 .2 .8 .12 F i l t r a t e  Hold Tank 

This t a n k  accumulates  a c c e p t a b l e  f i l t r a t e  f o r  subsequent  
t r e a t m e n t  i n  t h e  i o n  exchange module. It a l s o  serves as t h e  
s o u r c e  of s o l u t i o n  f o r  backwashing the No. 1 and No. 2 sand f i l t e r s .  
The vessel must accommodate a n  a g i t a t o r ,  sampler ,  and s u i t a b l e  
d e v i c e s  t o  moni tor  l i q u i d  leve l ,  tempera ture ,  and s p e c i f i c  g r a v i t y .  
Two t r a n s f e r  d e v i c e s  are r e q u i r e d :  

0 To backwash t h e  sand f i l t e r s .  

0 To t r a n s f e r  accept .able  f i l t r a t e  t o  t h e  i o n  exchange 
feed  tank .  

5 . 2 . 8 . 1 3  F i l t e r  Backlwash Tank - 

This  t a n k  r e c e i v e s  backwinsh s l u r r y  from t h e  Sand F i l t e r  
No. 1 and t h e  Sand F i l t e r  No. 2. Contents  are p e r i o d i c a l l y  
t r a n s f e r r e d  t o  t h e  g r a v i t y  sett ler feed  t a n k  f o r  subsequent  
t r e a t m e n t  i n  G r a v i t y  S e t t l e r s .  The t a n k  must c o n t a i n  a n  a g i t a t o r ,  
sampler ,  and s u i t a b l e  d e v i c e s  t o  monitor  l i q u i d  level ,  tempera- 
t u r e ,  and s p e c i f i c  g r a v i t y .  This  t a n k  may a l s o  receive an  
o c c a s i o n a l  n i t r i c  a c i d  f l u s h  from e i t h e r  sand f i l t e r .  
t h e  backwash t a n k  w i l l  r e q u i r e  caust ic  co ld  f e e d  service f o r  neu- 
t r a l i z a t i o n  purposes  and c o o l i n g  c a p a b i l i t y .  

Consequent ly ,  

5.2.8.14 Waste Sand Tank 

This t a n k  receives d e p l e t e d  f i l t e r  media f o r  subsequent  
t r a n s f e r  t o  t h e  aluminum d i s s o l v e r .  The vessel must accommodate 
a n  a g i t a t o r ,  sampler ,  and s u i t a b l e  d e v i c e s  t o  moni tor  l i q u i d  
l eve l ,  tempera ture  and s p e c i f i c  g r a v i t y .  A t r a n s f e r  d e v i c e  is  
r e q u i r e d  f o r  s l u r r y  t r a n s f e r s  t o  t h e  aluminum d i s s o l v e r .  
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5.2.8.15 P repa ra t ion  of P o l y e l e c t r o l y t e  f o r  Addit ion t o  
t h e  G r a v i t y  S e t t l e r s  

The Flojel-60@ (National  S t a rch  Corp.) coagulant  a i d  i s  made 
up i n  t h e  Cold Feed Prep Area as an 8% d i s p e r s i o n  i n  lM NaOH. To 
a g e n t l y  s t i r red  lM NaOH s o l u t i o n ,  s u f f i c i e n t  s o l i d  Flojel-60@ i s  
slowly s ieved  i n  t o  make t h e  8% d i s p e r s i o n .  
a r e  broken and a smooth p a s t e  i s  formed, hea t  i s  app l i ed .  On 
hea t ing  t o  65-70°C f o r  10-15 minutes ,  t h e  s t a r c h  polymer swells 
(but  does no t  d i s s o l v e ) ,  and t h e  mixture  c l a r i f i e s  s u f f i c i e n t l y  
t h a t  o b j e c t s  can be c l e a r l y  seen through 6 t o  8 inches  of d i s -  
pers ion .  
minutes ,  t h e  mixture  i s  cooled t o  room temperature .  It should b e  
used w i t h i n  t h e  next  two days.  When p rope r ly  prepared ,  t h e  cooled 
s t a r c h  has  a p a l e  green t o  t a n  t rans lucence .  Overheating o r  hea t ing  
wi th  l a r g e  lumps causes  t h e  s t a r c h  t o  "burn" t o  opaque brown o r  
b lack .  A s u f f i c i e n t  q u a n t i t y  of 8% s t a r c h  d i s p e r s i o n  i s  added t o  
each GS feed ba tch  t o  produce 8 t o  1 6  l b s  of starch s o l i d s  pe r  t o n  
of s ludge  as analyzed by l a b  c e n t r i f u g e .  A s ludge  d e n s i t y  of 1 . 3  
g / cc  i s  assumed. 
of s ludge ,  3 t o  6 g a l l o n s  of s t a r c h  d i s p e r s i o n  i s  added. 

Af t e r  a l l  l a r g e  lumps 

A f t e r  t h i s  c l a r i t y  i s  reached and maintained 2 t o  4 

For 8,000 g a l l o n s  of feed con ta in ing  6,000 ppm 

5.2.8.16 P repa ra t ion  of P o l y e l e c t r o l y t e  f o r  Addit ion t o  Sand 
F i l t e r s  

Anionic p o l y e l e c t r o l y t e  s t o c k  s o l u t i o n  is  made up i n  t h e  
Cold Feed Prep Area t o  a 0.1% s t r e n g t h  s o l u t i o n  i n  d i s t i l l e d  
w a t e r .  
equ iva len t ,  i s  s ieved  i n t o  cold water wi th  g e n t l e  s t i r r i n g  t o  
produce t h e  clear,  v i scous  s t o c k  s o l u t i o n .  S u f f i c i e n t  s t o c k  i s  
subsequent ly  added t o  1M NaOH s o l u t i o n  i n  a Cold Feed Tank so t h a t  
a flow equ iva len t  t o  0.05 gDmIft2 produces t o t a l  sand bed feed  
con ta in ing  0.05 ppm of s o l i d  p o l y e l e c t r o l y t e .  

A s u f f i c i e n t  weight  of t h e  whi te  s o l i d  Versa TL@ 700, o r  

The 0.1% s tock  s o l u t i o n  should be  used w i t h i n  4 days of 
Stock s o l u t i o n  should n o t  be  added t o  t h e  Cold Feed makeup. 

Tank u n t i l  ready f o r  ope ra t ion .  
run  ou t  a f t e r  24-36  hours  of ope ra t ion .  

Cold Feed Tank s o l u t i o n  should 
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5 . 2 . 9  C l a r i f i e d  Supernate Decontamination (P.  K .  Baumgarten and 
D .  A .  Whitehurst)  

5 . 2 . 9 . 1  General 

A l l  tanks should be cons t ruc ted  of s t a i n l e s s  s tee l  and 
inc lude  a g i t a t o r s  and hea t ing  and cool ing c o i l s .  These tanks 
should provide f o r  temperature,  l i q u i d  level ,  and s p e c i f i c  
g r a v i t y  measurement. Sampling l i n e s  from t h e  tanks are requi red .  
A l l  ven t  l i n e s  conta in ing  "3 must maintain a w a l l  temperature  
>7OoC.  

5 . 2 . 9 . 2  Cesium Ion E,xchange 

5 . 2 . 9 . 2 . 1  C s  Ion Exchange Columns 

Provide two s t a i n l e s s  steel ion  exchange columns t o  hold 
1525 ga l lons  of "Duolite" ARC-359 r e s i n  each. 
have a freeboard space above t h e  r e s i n  which w i l l  a l low a t  least 
a 75% expansion of t h e  r e s i n  bed. Equip each column wi th  l i q u i d  
d i s t r i b u t o r s  both a t  t h e  top  and bottom of t h e  r e s i n  bed. Provide 
unobstructed t r a n s f e r  l i n e s  f o r  adding r e s i n  t o  or removing i t  
from t h e  columns. A Ge(Li) gamma-ray d e t e c t o r  i s  mounted between 
t h e  columns t o  monitor t h e  C s  concent ra t ion .  A similar d e t e c t o r  
a f t e r  t h e  second column is  used t o  serve as an ope ra t ing  alarm. 

Each column should 

Each I / E  column is  t o  have a nozzle  f o r  l i q u i d  level  gaging, 
r e s i n  sampling, s o l i d s  level gaging, and temperature  sens ing .  
A means of gaging the  s o l i d s  ]!eve1 i n  the  column dur ing  backwashing 
o r  a means of monitor ing the  s o l i d s  content  of t h e  backwash e f f l u e n t  
i s  requi red .  A v a r i a b l e  speed pump i s  used t o  pump f i l t e r e d  super- 
n a t e  and f i r s t  water r i n s e  downflow a t  a rate of 42 gpm. The 
upflow s t e p s ,  e l u t i o n ,  second r i n s e ,  and regenerant  are t o  use  a 
v a r i a b l e  speed pump which has  a nominal ra te  of 30 gpm. A pump 
f o r  backwashing the  res in  i s  t:o a l low f o r  v a r i a b l e  l i n e a r  v e l o c i t y  
between 4-10 gprn/ft2. 
cesium r e s i n  ca t ch  tank is  requi red .  

A system t o  f lush  d e p l e t e d  r e s i n  t o  the 

5 . 2 . 9 . 2 . 2  Ion Exchange Feed Tank 

This tank i s  t o  receive c l a r i f i e d  superna te  from t h e  f i l t r a t e  
hold  tank.  The tank should be equipped wi th  cool ing  c o i l s .  A 
s u i t a b l e  t r a n s f e r  device  i s  requi red  t o  t r a n s f e r  feed t o  t h e  
cesium f e e d  bounce tank. 
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5 . 2 . 9 . 2 . 3  Cesium Feed Bounce Tank 

This tank ,  wi th  t h r e e  s u i t a b l e  t r a n s f e r  devices ,  i s  used 
t o  (1) t r a n s f e r  downflow through t h e  columns consecut ive ly  20 
column volumes of feed and 5 column volumes of water, and 
( 2 )  r ece ive  and t r a n s f e r  consecut ive ly  10 column volumes of 
e l u a t e ,  3 column volumes of water, and 5 column volumes of 
regenerant .  
e l u a t e  tank. The regenerant  i s  t r a n s f e r r e d  t o  t h e  cesium 
regenerant  ca tch  tank. This  tank i s  vented t o  the  cesium ven t  
scrubber  

The e l u a t e  and water r i n s e  i s  pumped t o  the  cesium 

5 . 2 . 9 . 2 . 4  Cesium E l u t e  Bounce Tank 

This tank,  wi th  two s u i t a b l e  t r a n s f e r  devices ,  i s  used t o  
(1) consecut ive ly  r e c e i v e  20 column volumes of feed and 3 column 
volumes of water, and (2 )  t o  t r a n s f e r  (upflow) consecut ive ly  10 
column volumes of e l u t r i a n t ,  3 column volumes of w a t e r ,  and 5 
column volumes of regenerant  through t h e  i o n  exchange columns. 
The rece ived  e f f l u e n t  from downflow ope ra t ions  i s  t r a n s f e r r e d  on 
t o  t h e  s t ront ium i o n  exchange feed  bounce tank. This  tank i s  
vented t o  t h e  cesium ven t  scrubber .  

5 . 2 . 9 . 2 . 5  Cesium E lua te  Tank 

Provide a tank t o  combine t h e  column e l u a t e  and column 
upflow water r i n s e .  A s u i t a b l e  t r a n s f e r  dev ice  is  r equ i r ed  t o  
t r a n s f e r  t h e  tank con ten t s  t o  the  cesium concent ra tor  feed  tank. 
This  tank should be  vented t o  t h e  cesium ven t  sc rubber .  

5 . 2 . 9 . 2 . 6  Cesium Regenerant Catch Tank 

Provide a tank t o  r ece ive  t h e  regenerant  e f f l u e n t .  A 
s u i t a b l e  t r a n s f e r  device  i s  requi red  t o  t r a n s f e r  t h e  s o l u t i o n  
t o  t h e  r e c y c l e  evapora tor  feed  tank. The tank should be  vented 
t o  t h e  cesium ven t  scrubber .  This  tank should be  equipped w i t h  
steam c o i l s  and an a g i t a t o r .  
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5 . 2 . 9 . 2 . 7  Spent Res,in Tank 

Provide a ca tch  tank t o  r ece ive  depleted r e s i n  from t h e  
s t ront ium ion  exchange column and t h e  cesium ion  exchange columns. 
The tank must be provided wi th  an a g i t a t o r ,  sampler,  and s u i t a b l e  
devices  t o  monitor temperatcre ,  l i q u i d  level ,  and s p e c i f i c  
g r a v i t y . '  The tank r equ i r e s  i3 t r a n s f e r  device  t o  t r a n s f e r  r e s i n  
s l u r r y  t o  t h e  r e s i n  packaging f a c i l i t y .  Provis ions  t o  decant 
t o  t h e  r ecyc le  c o l l e c t i o n  tank must be provided. 

5 . 2 . 9 . 2 . 8  Resin Packaging Fisc i l i ty  

Resin packaging; f a c i l i t y  i s  t o  inc lude  a dewatering tank,  
a d r y e r ,  and means t o  package r e s i n  i n  10-50 l b  con ta ine r s .  
Moisture i n  the  pack.aged r e s i n  should be less than 10%. Temp- 
e r a t u r e s  above 100°C: are t o  be avoided. 
f i l t e r e d  a f t e r  use .  

Drying a i r  should be 

5 . 2 . 9 . 2 . 9  Cold Feed F a c i l i t i e s  - 
Provide tank f o r  prepar ing  a water s l u r r y  of "Duolite" 

ARC-359 r e s i n ,  wi th  a f i n a l  volume of 1525 ga l .  
ment for t r a n s f e r r i n g  t h i s  s:Lurry t o  t h e  appropr i a t e  I / E  column. 
Allow f o r  makeup of smaller ba tches  t o  p e r i o d i c a l l y  r e p l e n i s h  
r e s i n  l o s t  during backwashing. 

Provide equip- 

Provide f a c i l i t i e s  t o  prepare  (1) water f o r  column r i n s e s  
and ( 2 )  c a u s t i c  regenerant  (2M NaOH) f o r  r egene ra t ing  t h e  I / E  
columns. 
t h e s e  cold f eeds  t o  the  appropr i a t e  bounce tanks.  

S u i t a b l e  t r a n s f e r  devices  are requi red  t o  t r a n s f e r  

5 . 2 . 9 . 3  Stront ium Ion Exchar= 

5.2.9.3.1 Ion  Exchange Column 

Following t h e  two cesium columns, a s t a i n l e s s  steel ion  
exchange column wi th  a 760-gallon r e s i n  ba tch  and s u f f i c i e n t  
f reeboard  t o  a l l o w ' a t  least 75% expansion of t h e  r e s i n  is  t o  
be  used t o  remove s t ron t ium. ,  P r o v i d e ' r e s i n  t r a n s f e r  l i n e s  f o r  
moving t h e  r e s i n  i n , a n d  out  of t h e  col'umns. Provis ions  should 
be made t o  d e t e c t  r e s i n  level. during backwash and prevent  loss  
of t h e  r e s i n  via  ope ra to r  e r r o r .  Ins t rumenta t ion  t o  measure 
bed temperature ,  bed and d i s t r i b u t o r  p re s su re  drop, and r e s i n  
l e v e l  a r e  requi red .  
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Provide f o r  removal of samples of the  r e s i n .  Normal down- 
flow and upflow rates s h a l l  be 1 . 7  and 0.5 gpm/ft2,  r e spec t ive ly .  
Flow rate  measurements i n  both d i r e c t i o n s  are  r equ i r ed .  Design 
backup systems t o  provide both r ecyc le  water and 2M NaOH through 
t h e  columns i n  the event  of t h e  f a i l u r e  of t h e  primary t r a n s f e r  
systems. Plan f a r  v a l v e l e s s  opera t ion .  Placement and design of 
the  columns should keep t h e  e x t e r n a l  r a d i a t i o n  from ,exceeding 
5 x wat ts -hr /g ,  t o  keep radiat ion-induced r e s i n  degradat ion 
minimal. 

5.2.9.3.2 Strontium Feed Bounce Tank 

Provide a bounce tank wi th  two pumps t o  (1) r e c e i v e  
superna te  and r i n s e  from t h e  cesium e l u t e  bounce tank  
and t r a n s f e r  t o  t h e  Sr  column and (2) r e c e i v e  Sr  column e l u a t e  
and water r i n s e  and t r a n s f e r  t o  t h e  s t ront ium concent ra tor  feed 
tank. Provide appropr i a t e  t r a n s f e r  devices .  This  tank i s  vented 
t o  t h e  process  v e s s e l  vent  system. 

5.2.9.3.3 Product S a l t  Hold Tanks 

Provide 3 tanks to receive c la r i f ied  superna te  and w a t e r  
r i n s e s  from the  s t ron t ium e l u t e  bounce tank.  The tanks  are 
vented t o  t h e  r egu la t ed  f a c i l i t y  vessel vent  system. 

5.2.9.3.4 Stront ium E l u t e  Bounce Tank 

Provide a bounce tank  wi th  s u i t a b l e  t r a n s f e r  devices  t o  
(1) t r a n s f e r  decontaminated superna te  from t h e  Sr  i on  exchange 
column t o  t h e  product sa l t  hold tanks  and (2) t r a n s f e r  
e l u t r i a n t / r e g e n e r a n t  s o l u t i o n  ( a l k a l i n e  EDTA) and water r i n s e s  
t o  t h e  S r  i on  exchange column. This  tank i s  vented t o  t h e  
process  v e s s e l  ven t  system. 

5.2.9.3.5 Stront ium E lua te  Tank 

n 

Provide a tank  t o  accumulate e l u a t e  and water r i n s e s  f o r  
feeding  t h e  s t ront ium concen t r a to r .  Provide t h e  a p p r o p r i a t e  
capac i ty  t r a n s f e r  device  f o r  feeding  t h e  s t ront ium concen t r a to r .  
This  tank i s  vented t o  t h e  process  vessel ven t  system. 
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5.2.9.3.6 Strontium Concentrator 

General 

Provide an evaporator  to reduce the  water conten t  i n  o rde r  
t o  minimize t h e  w a t e r  load during spray dry ing .  For material  
balance purposes ,  t he  f e e d  is concentrated t o  1.OM a l k a l i n e  EDTA. 

S p e c i f i c a t i o n s  

0 Capacity:  1950 l b / h r  ( feed)  

0 Feed: S p e c i f i c  g r a v i t y  -- 0.991 
S o l i d s  content  - 0.25 w t  % ( so lub le )  

- 0.00 w t  % ( in so lub le )  

0 Decontamination 'Factor: l o 6  
0 Boi lof f  Rate: 1925 l b / h r  

0 Concentrate:  S p e c i f i c  g r a v i t y  - 1.110 
Temperature - about 102'C 
S o l i d s  cont:ent - 20.2 w t  % ( so lub le )  

- 0.00 w t  % ( in so lub le )  

0 Steam Pressure :  25 p s i g  

0 Steam Consumption: 1 .15 l b  s team/lb overheads 

0 Pot  Pressure :  1-4 i n .  H210 

5.2.9.3.7 Strontium Concentxator Bottoms Tank 

Provide a tank to receive bottoms f r o m  the  s t ron t ium concen- 
t r a t o r .  Tank should be equipped wi th  cool ing  c o i l s .  Provide a 
s u i t a b l e  t r a n s f e r  device  t o  t r a n s f e r  concen t r a t e  t o  t h e  s l u r r y  
mix tank i n  t h e  spray  d rye r /me l t e r  module. This  tank  is vented 
t o  t h e  process  vessel vent  system. I 

5.2.9.3.8 Strontium Concentrator  Condensate Tank 

Provide a tank t o  rece ive .overheads  from t h e  s t ront ium 
concent ra tor .  
Provide a s u i t a b l e  t r a n s f e r  device  t o  t r a n s f e r  condensate t o  
t h e  r e c y c l e  evaporator  feed tank. This  tank i s  vented t o  t h e  
process  vessel vent  system. 

Tank should be  equipped wi th  cool ing  c o i l s .  
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5.2.10 Cesium E l u t r i a n t  Recovery/Eluate Concentrat ion 
(B .  R. Murphree) 

5 .2 .10.1 General 

The func t ion  of t h i s  module i s  t o  (1) s t r i p  t h e  cesium 
e l u a t e  of NH3 and C 0 2 ,  
e l u t r i a n t  makeup, and ( 3 )  concen t r a t e  t h e  cesium e l u a t e  t o  
about 2.0M (Na2C03 + Cs2CO3). 

NOTE: 

(2) recover  t h e  NH3 and C02 f o r  

A l l  tanks which conta in  ammonia are vented through t h e  
C s  ven t  scrubber .  A l l  ven t  l i n e s  conta in ing  "3 must 
main ta in  a w a l l  temperature  >7OoC.  

5.2.10.2 Cesium Concentrator  Feed Tank 

A tank i s  requi red  t o  d e l i v e r  cesium e l u a t e  a t  a c o n t r o l l e d  
r a t e  t o  t h e  steam s t r i p p e r .  The tank  i s  t o  be equipped wi th  an  
a g i t a t o r ,  cool ing  c o i l s ,  sampler,  and s u i t a b l e  devices  t o  monitor 
temperature ,  l i q u i d  level,  and s p e c i f i c  g r a v i t y .  

5.2.10.3 Steam S t r i p p e r  

Provide countercur ren t  packed s t r i p p i n g  s e c t i o n  t o  remove 

The p res su re  
99.99% of t h e  C02 and NH3 from t h e  cesium eluate.  
s t r i p p e r  comes from t h e  thermosiphon evapora tor .  
drop ac ross  t h e  s t r i p p e r  must be  monitored. 
s t r i p p e r  must pass  through a de-entrainment s e c t i o n  en r o u t e  t o  
a downdraft condenser. The de-ent ra iner  must reduce non-vola t i le  
r a d i o a c t i v i t y  by a f a c t o r  of 106. The p res su re  drop a c r o s s  t h e  
de-ent ra iner  should be  monitored. S u i t a b l e  temperature  senso r s  
must b e  incorpora ted  i n  t h e  packed bed a t  s e v e r a l  levels. 

Steam t o  t h e  

Vapor from t h e  

5.2.10.4 Cesium Concentrator  

A thermosiphon evaporator  i s  r equ i r ed  t o  concen t r a t e  cesium 
The evapora tor  i s  steam e l u a t e  t o  about 2.0M (Na2C03 + Cs2CO3). 

heated.  S u i t a b l e  devices  should monitor evapora tor  po t  p re s su re ,  
temperature ,  s p e c i f i c  g r a v i t y ,  and l i q u i d  level. Provide h e a t i n g  
steam pres su re  c o n t r o l  based on produced s p e c i f i c  g r a v i t y .  Design 
on b a s i s  of supplying e l u t r i a n t  makeup w a t e r  i n  overheads t o  steam 
s t r i p p e r .  

5.2.10.5 Downdraft Condenser 

A downdraft condenser f o r  t h e  vapor stream from t h e  steam 
s t r i p p e r  de-ent ra iner  i s  requi red .  Temperature a t  t h e  i n l e t  and 
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o u t l e t  cool ing  water stream and t h e  condensate stream must be 
measured. The pressure  drop ac ross  t h e  condenser must be moni- 
t o red .  An on l ine  gamma monitor t o  survey f o r  cesium carryover  
from t h e  steam s t r i p p e r  i s  requi red .  Provide condensate f l o w  
r a t e  measurement. The condenser should vent t o  the  cesium vent  
scrubber .  

5.2.10.6 S t r i p p e r  Condensate Tank 

Provide a tank. t o  rece:ive condensate from t h e  downdraft 
condenser. 
cool ing  c o i l s  ( t o  maintain con ten t s  <20°C) and s u i t a b l e  systems 
t o  monitor l i q u i d  l e v e l ,  temperature ,  s p e c i f i c  g r a v i t y ,  e lectr ical  
conduc t iv i ty ,  and pH. An o n l i n e  g a m a  monitor i s  requi red  t o  
monitor f o r  cesium carryover  i n t o  t h e  condensate.  
should vent  t o  the  cesium vent  scrubber .  

The tank  i s  t o  he equipped wi th  an a g i t a t o r ,  sampler, 

The tank  

5.2.10.7 Cesium E l u t r i a n t  Makeup Tank 

Provide a tank. t o  receive condensate from t h e  downdraft 
condenser. 
volume of e l u t r i a n t .  The tank  i s  t o  be  equipped w i t h  an  a g i t a t o r ,  
sampler, cool ing c o i l s  (to mainta in  con ten t s  <20°C), and s u i t a b l e  
systems t o  monitor l i q u i d  level,  temperature ,  s p e c i f i c  g r a v i t y ,  
electrical  conducti .vity,  and pH. Provide aqueous ammonia from 
cold feed .  Provide system f o r  sparging t ank  con ten t s  w i t h  C02 
with  maximum absorp t ion  and minimum disengagement. 
be vented t o  t h e  cesium vent  sc rubber ,  Provide pump t o  t r a n s f e r  
ad jus t ed  e l u t r i a n t  t o  the  e l u t r i a n t  feed  tank. 

The t ank  should be  s i zed  t o  hold a t  least one cyc le  

Tank should 

5.2.10.8 Cesium E h t r i a n t  :Feed Tank 

Provide a tank  wi th  a s u i t a b l e  t r a n s f e r  device  t o  t r a n s f e r  
ad jus t ed  e l u t r i a n t  t o  t h e  cesium e l u a t e  pump tank.  The tank  should 
should be vented t o  t h e  cesium vent  scrubber .  

5.2.10.9 C e s i u m ,  Vent S c r u b b s  

Provide a packed bed scrubber  t o  remove >99.9% of t h e  "3 by 
t h e  vent  scrubber  feed.  Provide c h i l l e d  vater downflow i n  t h e  
packed bed. Vent scrubber  'to t h e  r egu la t ed  f a c i l i t y  vessel ven t  
system. Measure be.d temperature;  Route l i q u i d  e f f l u e n t  t o  t h e  
cesium concent ra tor  -feed tank.  

- 5.43 - 



5.2.10.10 Purge Condenser 

A condenser is required to condense a steam sidestream from 
the cesium concentrator. Provide temperature measurement for 
cooling water inlet and outlet and condensate outlet. 
drop across the condenser must be monitored. Provide condensate 
flow rate measurement. Provide online gamma monitor on the 
condensate stream. 

The pressure 

5.2.10.11 Purge Condensate Tank 

Provide a tank to receive condensate from the cesium concen- 
trator purge condenser. The tank should contain an agitator, 
sampler, cooling coils, an3 suitable instrumentation to monitor 
temperature, liquid level, and specific gravity. A suitable 
transfer device is required to transfer the condensate to the 
recycle evaporator feed tank. 

5.2.11 Cesium Fixation on Zeolite 

5.2.11.1 General 

The function of this module is to (1) load cesium in the 
cesium concentrator bottoms onto zeolite, (2)  transfer cesium- 
loaded zeolite to be mixed with washed sludge, and ( 3 )  recycle 
the cesium-depleted cesium concentrator bottoms to sand fil- 
tration. 
instrumentation to monitor temperature, liquid level, and specific 
gravity. 

A l l  tanks are to be equipped with samplers and 

5.2.11.2 Cesium Concentrator Bottoms Tank 

Provide a tank equipped with both heating and cooling coils 
to receive the concentrate from the thermosiphon evaporator. 
The tank is to be equipped with an agitator, sampler, and suitable 
devices to monitor temperature, liquid level, and specific gravity. 
A transfer jet should transfer concentrate to the zeolite feed 
bounce tank. 

5.2.11.3 Zeolite Column 

Provide a 4 .8  ft diameter by 20 ft high stainless steel ion 
exchange column. 
(Union Carbide C o . )  IE-95. Column shouid be designed to withstand 
50 psig. Provide pressure drop measurement across the bed and 
temperature measurement at several points vertically in the bed. 

It will hold an 11 ft deep bed of Linde Ionsiv@ 
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Provide i n l e t  p o r t  a t  top  of column f o r  f r e s h  z e o l i t e  s l u r r y .  
Provide o u t l e t  po r t  a t  bottom of column f o r  removing loaded 
z e o l i t e .  Both p o r t s ' w i l l  be! blanked o f f  when not  i n  use.  Provide 
steam j e t  t o  t r a n s f e r  z e o l i t e  s l u r r y  from column t o  cesium z e o l i t e  
tank.  

5.2.11.4 Z e o l i t e  Feed Bounce Tank 

Provide a s t a i n l e s s  steel bodnce tank similar t o  those  used 
i n  cesium and s t ront ium ion  exchange. 
feed t h e  z e o l i t e  column. The pump must freewheel f o r  reverse 
flow. Provide c o i l s  f o r  coo l ing  and hea t ing .  Provide temperature  
and l e v e l  measurement. 

Provide a pump t o  downflow 

5.2.11.5 Z e o l i t e  Ftaffinate Bounce.Tank 

Provide a s t a i n l e s s  steel bounce tank similar t o  t h e  z e o l i t e  
feed bounce tank.  'Provide a pump t o  upflow water through t h e  
column. Pump must freewheel. i n  reverse flow. Provide c o i l s  f o r  
hea t ing  and cool ing .  

5.2.11.6 Z e o l i t e  R a f f i n a t e  Hold Tank 

Provide a tank t o  r ece ive  t h e  z e o l i t e  column e f f l u e n t  and 
column r ise .  Provide a s u i t a b l e  t r a n s f e r  device  t o  t r a n s f e r  
t h e  con ten t s  t o  t h e  sand f i l t e r  feed tank i n  t h e  f i l t r a t i o n  
module. 

5.2.11.7 Z e o l i t e  S l u r r y  Tank - 
Provide a s t a i n l e s s  steel tank t o  receive and dewater 

cesium-loaded z e o l i t e  s l u r r y .  P r o f i l e  w i r e  s c reen  i s  d e s i r a b l e  
on the  dewatering i n l e t .  Provide gamma, temperature ,  and l e v e l  
measurement. Provide ag i ta t :or  and c o i l s  f o r  cool ing.  

5.2.12 General-Purpose Evaporation (L. F. Landon) 

5.2.12.1 General 

The func t ion  of t h i s  module i s  t o  decontaminate miscel laneous 
i n t e r n a l l y  generated waste streams f o r  release t o  t h e  environment. 
The design of t h e  evaporator. w i l l  be i d e n t i c a l  t o  t h e  r e c y c l e  
evaporator .  
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5 . 2 . 1 2 . 2  General-Purpose Evaporator Feed Tank 

See Section 5 . 2 . 7 . 2 .  

5 . 2 . 1 2 . 3  General-Purpose Evaporator 

5 . 2 . 1 2 . 3 . 1  General 

See Section 5 . 2 . 7 . 3 . 1 .  

5 . 2 . 1 2 . 3 . 2  Specifications 

0 Capacity: 10,692 lb/hr (feed) 

0 Feed: Specific gravity - 0.984 
Solids content - cO.1 w t  % 

0 Decontamination Factor: lo6 

0 Boiloff Rate: 9,263 lb/hr 

0 Concentrate: Specific gravity - 0 . 9 5 5  
Solids content - c1.0 w t  % 
Temperature - about 100°C 

0 Steam Pressure: 25 psig maximum 

0 Steam Consumption: 1 . 1 5  lb steam/lb overhead 

0 Pot Pressure: 1-4 in. H 2 0  

5 . 2 . 1 2 . 3 . 3  Services 

See Figure 5 . 5 .  

5 . 2 . 1 2 . 3 . 4  Control System 

See Section 5 . 2 . 7 . 3 . 4  

5 . 2 . 1 2 . 4  General-Purpose Evaporator Bottoms Tank 

A tank is to be provided to receive the evaporator concen- 
trate. The tank is to be equipped with an agitator, sampler, 
cooling coils, and suitable instrumentation to monitor liquid 
level, specific gravity, and temperature. A transfer device 
is required to transfer contents to the recycle evaporator 
feed tank. 
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5.2.12.5 General-Purpose Evaporator Condensate Tanks 

Two tanks a r e  t o  be provided t o  r ece ive  evaporator  overheads.  
Each tank  i s  t o  be equipped wi th  an a g i t a t o r ,  sampler,  cool ing  
c o i l s ,  and s u i t a b l e  ins t rumenta t ion  t o  monitor l i q u i d  level ,  
s p e c i f i c  g r a v i t y ,  and temperature.  Two t r a n s f e r  devices  are t o  
be provided per  tank.  
t o  a s u r f a c e  stream, The o the r  i s  f o r  r ecyc l ing  off-spec con- 
densa te  back t o  t h e  feed tank. 

One i s  f o r  t r a n s f e r r i n g  t h e  condensate 

These tanks  are a c c o u n t a b i l i t y  tanks  a t  which t h e  r a d i o a c t i v e  
and nonradioac t ive  contaminants are accura t e ly  inventor ied  be fo re  
d ischarg ing  the .condensa te  t o  t h e  environment. 
i s  r ece iv ing  overheads from t h e  evapora tor ,  t h e  con ten t s  of t h e  
o the r  tank are sampled f o r  a c c o u n t a b i l i t y  ana lyses .  

While one tank  

5.2.12.6 Regulated F a c i l i t y  Vessel Vent F i l t e r  Heater 

The vapor e f f l u e n t s  from t h e  cesium vent  sc rubber  and t h e  
product hold tanks are coupled wi th  t h e  ven t  purge from each 
vessel i n  t h e  General Purpose Evaporation Module. The h e a t e r  
is  requi red  t o  ra ise  t h e  temperature  of t h e  vapor  a t  least 10°C 
above i t s  dew po in t  t o  prevent condensation i n  t h e  HEPA f i l t e r .  

5.2.12.7 High Ef f i c i ency  P a r t i c u l a t e  Air (HEPA) F i l t e r  

A s i n g l e ,  24" x 24" HEPA f i l t e r  i s  r equ i r ed  t o  f i l t e r  t h e  
A DF of 1000 is  

The p res su re  drop a c r o s s  t h e  f i l t e r  
vapor p r i o r  t o  t h e  release t o  t h e  atmosphere. 
assumed f o r  p a r t i c u l a t e s .  
should be cont inuously monitored. 

5.2.12.8 Regulated F a c i l i t y  Vessel Vent Exhauster 

An exhauster i s  requi red  t o  draw the vessel ven t  through 
t h e  HEPA f i l t e r  and d ischarge  t o  t h e  atmosphere. 

5.2.13 Product S a l t  Solu t ion  Concentration/Solidification i n  
Concrete (H.W. Bledsoe) 

5.2.13.1 General 

The purpose of t hese  f a c i l i t i e s  i s  t o  s t a b i l i z e  t h e  
c l a r i f i e d  superna te  from ion  exchange by inco rpora t ing  it  i n  
concre te  and burying t h e  saltcrete i n  excavated t renches  a t  
least 1 0  f e e t  above t h e  w a t e r  t a b l e  and beneath a t  least 33 
f e e t  of soil o-Jerburden. The b u r i a l  s i t e  must be cons t ruc ted  
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and engineered t o  meet both NRC and EPA requirements  f o r  
d i s p o s a l  of r a d i o a c t i v e ' a n d  chemical waste  materials. 
water and l e a c h a t e  monitoring systems must be  i n s t a l l e d  and 
maintained.  

Ground 

5 . 2 . 1 3 . 2  Feed P repa ra t ion  

5 . 2 . 1 3 . 2 . 1  General 

This  s e c t i o n  desc r ibes  t h e  f a c i l i  ies requi red  t o  prepare  
a 50 w t  % sa l t  s o l u t i o n  f o r  feed t o  t h e  sal tcrete  p l an t .  The 
f lowsheet  (FS-14) and material balance (MB-14) a r e  shown on 
Figure  4.14 and Table  4.14 r e spec t ive ly .  

Each process  vessel i s  assumed t o  have a vapor space purge 
drawn from t h e  bu i ld ing  atmosphere. All v e s s e l  v e n t s ,  as w e l l  
as o the r  p o t e n t i a l l y  contaminated v e n t i l a t i o n ,  are combined, 
heated t o  above i t s  dew po in t  and drawn through a h igh  e f f i c i e n c y .  
p a r t i c u l a t e  f i l t e r  be fo re  being discharged t o  t h e  atmosphere. 

5 . 2 . 1 3 . 2 . 2  Product S a l t  So lu t ion  Storage Tank 

A t ank  is  requ i r ed  t o  accumulate unevaporated decontaminated 
s a l t  s o l u t i o n  from the  S-Canyon ion  exchange module a t  t h e  S a l t c r e t e  
P lan t  F a c i l i t y .  The tank should accommodate s u f f i c i e n t  l a g  s t o r a g e  
between the  DWPF and t h e  S a l t c r e t e  F a c i l i t y  t o  minimize in f luence  
on canyon a t ta inment .  
p r i a t e  systems t o  monitor l i q u i d  level,  s p e c i f i c  g r a v i t y ,  and 
temperature.  A s u i t a b l e  t r a n s f e r  device  i s  requi red  t o  feed  the  
product  s a l t  evapora tor  a t  a c o n t r o l l e d  rate. 

The v e s s e l  should have a sampler and appro- 

5 . 2 . 1 3 . 2 . 3  Product Sa l t  Evaporator 

Gene r a1 

For purposes of t h i s  PTDS, i t  is  assumed t h a t  t h e  evapora tor  
w i l l  be  of t he  bent-tube type ,  c u r r e n t l y  used t o  dewater waste i n  
t h e  i n t e r i m  waste s to rage  f a c i l i t i e s .  
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S p e c i f i c a t i o n s  

a Capacity:  11 ,707  l b l h r  feed 

e Feed: Spec i f i c  Gravi ty  - 1 . 1 7  
To ta l  s o l i d s  content  - 23 w t  % 

e DF: 

0 Boiloff  rate: 4910 lb/ 'hr 

e Concentrate:  S p e c i f i c  Gravi ty  - 1 . 1 6  
Temperature - 115 t o  120'C 
T o t a l  So l ids  Content - 35.0 w t  % 

Services  

See F igure  5.6. 

Control  System 

The des i r ed  s p e c i f i c  g r a v i t y  i s  t h e  primary ope ra t ing  
parameter.  Control  philosophy w i l l  be as c u r r e n t l y  used i n  t h e  
e x i s t i n g  waste farm evapora tors .  

Feed-Rate C o n t r o l -  A remote a i r  ope ra to r  i n  t h e  c o n t r o l  
house is used t o  a d j u s t  a t . h r o t t l i n g  valve which r e g u l a t e s  t h e  
feed flow t o  t h e  evaporator .  

Liquid-Level Control  -- The l i q u i d  l e v e l  i n  t h e  evapora tor  
i s  con t ro l l ed  by varying t h e  bottoms withdrawal ra te  wi th  a steam 
l i f t .  This  i s  an automatic c o n t r o l  t h a t  c o n t r o l s  t h e  f low of 
steam t o  t h e  steam l i f t .  

a. To achieve t h i s  decontamination f a c t o r ,  t h e  evaporator  pot  
should have a t  least 66 i n .  of f reeboard and t h e  bubble cap 
t r ays  (see Figure  5 .6)  must be replaced wi th  wire  mesh 
s e p a r a t o r s  (or  a w i r e  mesh pad added downstream of t h e  
bubble caps) .  
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Bottoms Concentrat ion Control - Evaporator po t  s p e c i f i c  
g r a v i t y  (o r  temperature)  i s  used t o  monitor concent ra t ion .  A 
panel-mounted temperature  r eco rde r -con t ro l l e r  varies t h e  steam 
f l o w , t o  t h e  evaporator  tube  bundle by vary ing  a c o n t r o l  valve 
on t h e  steam supply.  

Foam Level - Foam l e v e l  i s  t o  be monitored by a d i f f e r e n t i a l  
p re s su re  device.  
tubes i n  t h e  vapor space.  

This  device  is  connected t o  steam-purged d i p  

5.2.13.2.4 Product S a l t  Evaporator Condenser 

A s h e l l  and tube  condenser i s  requi red  t o  reduce t h e  vapor 
temperature t o  <50°C. 
a p re s su re  15 ps ig  g r e a t e r  than t h e  condensate.  

Cooling water t o  t h e  condenser should be a t  

5.2.13.2.5 Product S a l t  Evaporator Condensate Tank 

S u f f i c i e n t  tank capac i ty  is  requi red  t o  r e c e i v e  t h e  over- 
heads from t h e  product  salt  evaporator .  
equipped wi th  samplers and a p p r o p r i a t e  ins t rumenta t ion  t o  monitor 
l i q u i d  level ,  s p e c i f i c  g r a v i t y ,  and temperature .  Four t r a n s f e r  
dev ices  are  requi red  t o  t r a n s f e r  condensate t o  (1) t h e  r e c y c l e  
water tank ,  ( 2 )  t h e  sa l tc re te  p l a n t ,  ( 3 )  t h e  product  salt  con- 
c e n t r a t e  tank  and ( 4 )  t h e  product  s a l t  evaporator  f o r  desca l ing .  

Tank should be 

5.2.13.2.6 Product S a l t  Concentrate  Tank 

The bottoms from t h e  product  s a l t  evapora tor  are steam l i f t e d  
t o  a tank s i z e d  t o  accommodate 1 week's concre te  product ion.  The 
tank should be equipped wi th  appropr i a t e  i n s t rumen ta t ion  of monitor 
l i q u i d  level ,  s p e c i f i c  g r a v i t y ,  and temperature .  The concen t r a t e  
temperature w i l l  be  maintained by a h e a t e r  (on a c i r c u l a t i n g  loop)  
h igh  enough t o  prevent  s a l t  c r y s t a l l i z a t i o n .  The tank  should have 
an a g i t a t o r  and a sampler.  A s u i t a b l e  t r a n s f e r  device  is  r equ i r ed  
t o  t r a n s f e r  t h e  concent ra te  t o  t h e  s a l t c r e t e  p l a n t .  The vapor 
space should be vented through a condenser w i t h  t h e  condensate 
being recyc led  back i n t o  t h e  tank.  
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5.2.13.3 S a l t  c r e t  e Prepara t ion  

5.2.13.3.1 General  

The concentrated sal t  s o l u t i o n  w i l l  be  mixed wi th  cement 
t o  produce a mixture  conta in ing  56.5 w t  % cement, 15 .2  w t  % s a l t ,  

. and 28.3 w t  % w a t e r .  The mixture  w i l l  be pumped t o  the  d i s p o s a l  
t renches  from t h e  concre te  p l a n t .  The cons is tency  of t h e  
concre te  i s  c r i t i c a l .  Pumped concre te  must be well-mixed be fo re  
feeding  i n t o  t h e  pump and occas iona l ly  remixing i s  requi red  i n  
t h e  hopper by'means of stirrers. 
should be s i g n i f i c a n t l y  long t o  preclude t h e  premature set-up 
of t h e  mixture  dur ing  pumping opera t ions .  All equipment must 
have water f l u s h  service. The concre te  p l a n t  should be c e n t r a l l y  
loca t ed  t o  the  d i sposa l  sit:e. 

The set-time of t h e  s a l t c r e t e  

5.2.13.3.2 P lan t  Capacity 

The conc re t e  p l a n t  should be  capable  of producing and 
This  would pumping a nominal 70 yd3 of conc re t e  per  hour. 

e a s i l y  s a t i s f y  t h e  des i r ed  d i s p o s a l  rate of 1000 yd3 of s a l t c r e t e l  
week. 
ope ra t ion  are  a v a i l a b l e  i n  numerous des igns  wi th  c a p a c i t i e s  
ranging from 10 t o  300 yd3/hr.  
may d e l i v e r  on t h e  o rde r  of 70 yd3 per  hour over h o r i z o n t a l  
d i s t a n c e s  up t o  1500 f e e t .  Pumping i s  economical on ly  i f  
i t  can be used over long ua in t e r rup ted  per iods  because a t  
t h e  beginning of each pump c y c l e  t h e  p ipes  have t o  be l u b r i -  
ca ted  wi th  mortar and a t  t h e  end of t h e  cyc le  cons iderable  
e f f o r t  i s  requi red  t o  c lean t h e  p ipes .  Consequently, a nominal 
t r a n s f e r  frequency of twice pe r  week i s  planned. A p ipe  
c leaning  "pig" is  requi red  t o  c lean  t r a n s f e r  p ipes .  

Ready-mix p l a n t s  of t h e  type  requi red  f o r  t h i s  type  of 

P i s t o n  pumps wi th  9-inch p ipes  

5.2.13.3.3 F a c i l i t y  Descr ip t ion  

The bu i ld ing  t o  con ta in  t h e  evaporator  and conc re t e  7 l a n t  
equipment w i l l  be of normal cons t ruc t ion .  Thick w a l l s  f o r  
b i o l o g i c a l  s h i e l d i n g  are no t  necessary because t h e  r a d i a t i o n  
level from 15 year  aged c l a r i f i e d  superna te  from ion  exchange 
i s  ve ry  low. Evaporation, mixing 'and pumping ope ra t ions  must 
be s u f f i c i e n t l y  remotable and within con t ro l l ed  v e n t i l a t i o n  zones 
t o  ensure t h a t  ope ra t ing  personnel  are not  exposed t o  body exposure 
rates i n  excess  of 0.5 mremlhr o r - a r e  they  requi red  t o  wear 
r e s p i r a t o r y  p r o t e c t i o n  during normal opera t ion .  

. 
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Required services f o r  t h i s  f a c i l i t y  inc lude  steam, cool ing  
water, f l u s h  water, e l e c t r i c a l  and normal l i g h t i n g .  

5.2.13.4 Reference Disposal  S i t e  

5 .2 .13.4.1 General Design Criteria 

0 The i n i t i a l  d i s p o s a l  s i t e  s i z e  should be scoped based on 
the w a s t e  inventory on hand a t  s t a r t u p  of t h e  DWF. 

The d i s p o s a l  s i t e  w i l l  r e q u i r e  a water t a b l e  depth below 
grade of approximately 60 feet ( t h i s  may r e q u i r e  mounding 
wi th  b a c k f i l l ) .  

0 The s i t e  must be cons t ruc ted  and engineered t o  meet both 
NRC and EPA requirements  f o r  d i s p o s a l  of r a d i o a c t i v e  waste 
and hazardous (chemical)  waste materials. 

0 Trenches must have a + foo t  impermeable b l anke t  of s o i l  
cm/sec) on the  bottom and top.  A similar b l anke t  i s  

r equ i r ed  on the  s i d e s  of t h e  s i te .  

Disposal  s i t e  must have a minimum of 33 f e e t  of s o i l  over- 
l y i n g  t h e  top  of t h e  sa l tc re te  monoli ths .  

0 

5.2.13.4.2 Concrete Monoliths 

The t r enches  are t o  be designed t o  accommodate approximately 
one weeks product ion of s a l t c r e t e .  

5.2.13.4.3 Disposal  F a c i l i t y  Design 

P i t  Excavation and Cons t ruc t ion  

Assuming t h a t  t h e  sediments underlying t h e  r e f e r e n c e  d i s p o s a l  
s i t e  do not  meet t h e  Resource Conservation and Recovery A c t  proposed 
10-7 cm/s permeabi l i ty  requirement f o r  u s e  as a n a t u r a l  i n p l a c e  
l i n e r ,  a conceptual  excavat ion and cons t ruc t ion  p lan  t o  f u l f i l l  
t h i s  requirement i s  o u t l i n e d  below. 

0 The e n t i r e  d i s p o s a l  s i t e  i s  excavated. S ides  are s loped a t  
approximately 1-1/2:1. 
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0 A minimum 5-f t - th ick  l i n e r  of se lec-ed  m a  .rial (SlO” cm/s 
permeabi l i ty )  i s  placed ac ross  the  bottom of t he  e n t i r e  
excavat ion and up t he  s i d e s .  

0 Overlying t h i s  impermeab1.e b l anke t ,  a minimum 12-inch-thick 
permeable leachant  drainage and c o l l e c t i n g  system i s  con- 
s t r u c t e d ,  This  system w i l l  c o n s i s t  of a graded sand and 
g rave l  drainage blanket  which s lopes  a minimum of 1% toward 
c o l l e c t i n g  sumps and we1l.s t h a t  provide accumulation and 
removal of l eacha te .  

Control led placement of t:he s e l e c t e d  b a c k f i l l  (S10’7 cm/s) 
i s  cont inued f o r  an a d d i t i o n a l  25 f t  above t h e  drainage 
s y s t e m  ( a c t u a l l y  mLsr  b a c k f i l l  >25 f t  s o  not  t o  d i s t u r b  
l eacha te  c o l l e c t i o n  system when t renches  are l a t e r  excavated) .  

0 

0 The remainder of t he  p i t  above t h e  impermeable material is  
b a c k f i l l e d  wi th  ,non-selec:tive s i t e  material. 

Trench Excavation 

The s i t e  w i l l  ‘be re-exc:avated t o  t h e  top of t h e  impermeable 
b a c k f i l l  and i n d i v i d u a l  t renches  excavated f o r  placement of t h e  
c o n c r e t e / s a l t  mixture .  
t renches  inc lude :  

The conceptual  development of t he  d i s p o s a l  

0 Excavation of a p i t  25-ft deep wi th  s i d e  s lopes  of approxi- 
mately 1-1/2:1, depending on s o i l  s t a b i l i t y .  

0 Excavation of a series of t renches  ( length  t o  be determined) 
approximately 20 f t  wide x 25 f t  deep w i t h i n  t h e  bottom of 
t h e  p i t .  

0 S a l t c r e t e  poured t o  a depth of 20 f t  i n  a t rench .  

0 Afte r  t h e  s a l t c r e t e  i n  a s i n g l e  t rench  has  set ,  i t  w i l l  be 
covered wi th  5 f t  of-  

As t renches  are completed and f i l l e d  wi th  sa l tc re te ,  p o r t i o n s  
of t h e  completed s i te  are b a c k f i l l e d ,  p rovid ing  t h e  33 f t  of 
design overburden. 

c m / s  permeabi l i ty  material. 

0 

Figure 5.7 i s  a conceptual s e c t i o n a l  v i e w  of t h e  d i s p o s a l  s i t e .  
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5.2.14 Product Packaging/Testing/Decontamination/Interi 
Storage (J. P. Howell and W. N. Rankin) 

5.2.14.1 General Equipment and Cell Considerations 

The cell arrangement of "A", "B", and "C" mechanical cells 
should be isolated from the rest of the canyon processing cells 
to eliminate contamination transfer. A separate ventilation 
system, crane, and equipment maintenance facility are required 
for the mechanical cells. Access to the cells from "clean" areas 
is required for introduction of canisters, welding accessories, 
machine tools, sample removal, dry smear transfer, etc. Storage 
space should be allocated in "A" cell for glass-filled canisters 
based on cell design, process equipment, and glass-pour mode of 
operation. 

Low amounts of transferable contamination in the mechanical 
cells can be maintained by providing contamination barriers 
(distance, physical barriers, differential pressure operation) 
in the spray dryer melter area. 
the main contributor of transferable contamination into the rela- 
tively "clean" mechanical cells. 

The spray dryer will likely be 

The mechanical cells and equipment should be designed, if 
possible, for remote operation and contact maintenance. "B" and 
"C" cells should be designed for scheduled personnel entry to 
decontaminate the equipment and cells. 

Cell viewing windows, closed circuit television (CCTV), and 
master-slave manipulator through-tubes should be installed at 
strategic locations to assist processing and maintenance require- 

' ments. Manipulators should be positioned in those locations as 
specified by equipment design. 

5 .2 .14 .2  Mechanical Cell A 

5.2.14.2.1 Canister Closure and Testing 

A portable surface pyrometer should be provided for measuring 

The instrument range should be 0 to 5OO0C 
canister surface temperatures before and after joint preparation 
and welding operations. 
with remote readout. Viewing windows and manipulators should be 
positioned to facilitate these measurements. 

Provide space for possible ultrasonic NDT examination of the 
glassform structure through the canister wall. 
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To v e r i f y  w e l d  i n t e g r i t y ,  SRP-EED i s  developing nondes t ruc t ive  
t es t  equipment. Process  parameter con t ro l  w i l l  be  t h e  primary 
v e r i f i c a t i o n  technique f o r  u se  wi th  the  s o l i d  s t a t e  r e s i s t a n c e  
upset  weld. However, i n  t he  event t h e t  c r i t e r i a  i s  set f o r t h  t h a t  
cannot be m e t  by process  parameter con t ro l ,  SRP-EED i s  developing 
an  u l t r a s o n i c  del ta-scan technique f o r  weld v e r i f i c a t i o n .  Such an  
in spec t ion  c r i t e r i a  i s  not  t h e  r e fe rence  process .  However, i t  may 
be requi red  i n  conjunct ion wi th  t h e  helium l e a k  test o r  a t  some 
t i m e  p r i o r  t o  any f u t u r e  c a n i s t e r  removal from t h e  i n t e r i m  s t o r a g e  
f a c i l i t y .  

Equipment and techniques are being developed t o  helium l e a k  
test t h e  c a n i s t e r  p r i o r  t o  decontamination. This l e a k  test w i l l  
supplement process  parameter c o n t r o l  as a means of v e r i f y i n g  t h e  
weld i n t e g r i t y  and w i l l  ensure  t h a t  a l e a k t i g h t  weld w a s  a t t a i n e d .  
Water t igh t  i n t e g r i t y  of t h e  weld i s  requi red  t o  prevent  in leakage  
of l i q u i d  during decontamination. Leakt ight  i n t e g r i t y  of t h e  weld 
i s  a l s o  requi red  t o  prevent  t h e  escape of r a d i o a c t i v i t y  i n  Mechanical 
C e l l  A t o  rework c a n i s t e r s  t h a t  f a i l  t o  meet l eak  s p e c i f i c a t i o n s .  

SW-EED i s  developing t h e  c r i te r ia ,  equipment, and i n s t r u -  
mentat ion f o r  c a n i s t e r  c l o s u r e  p repa ra t ion ,  c l o s u r e  method, and 
c l o s u r e  weld t e s t i n g  [5,61. The design b a s i s  process  f o r  t h e  
c l o s u r e  i s  a s o l i d - s t a t e  r e s i s t a n c e  weld of a plug i n  a 4 t o  
6-inch-diameter opening. 
75,000 pounds of f o r c e  on a plug whi le  s imultaneously d e l i v e r i n g  
about 200,000 amps f o r  about 1-1/2 seconds.  
t o  be recorded remotely are f o r c e ,  motion, c u r r e n t ,  and weld t i m e .  
CCTV should be suppl ied  f o r  viewing t h e  welding ope ra t ions  [6]. 

The welder i s  capable  of e x e r t i n g  

The welding parameters 

5.2.14.2.2 Prel iminary Canis te r  Decontamination and Trans fe r  

General 

The i n i t i a l  c a n i s t e r  decontamination should produce a DF 

i n t o  Mechanical Cell B. Decontamination s o l u t i o n s  are c i r c u l a t e d  
about t h e  canister during each e t c h  and c l ean ing  cyc le .  
time f o r  each decontamination c y c l e  i s  one hour. Decontamination 
s o l u t i o n  f o r  t h i s  i n i t i a l  decontamination come from t h e  f i n a l  
decontamination ope ra t ion  i n  Mechanical C e l l  B where they were 
i n i t i a l l y  used. 

of 10  2 t o  lo3 of t h e  t r a n s f e r a b l e  contamination be fo re  t r a n s f e r  

Residence 

. .  
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Etch Tank 
A 

Provide a tank t o  accommodate a c a n i s t e r  about which HN03-NaF bd 
may be c i r c u l a t e d .  
requi red  t o  main ta in  t h e  temperature  of t h e  e tch  s o l u t i o n  a t  5OoC. 
A t r a n s f e r  device  i s  requi red  t o  t r a n s f e r  t h e  spent  e t ch  s o l u t i o n  
t o  t h e  n e u t r a l i z e r  tank.  The tank should be vented through a 
c a u s t i c  scrubber .  

Appropriate  cool ing  and hea t ing  systems are  

Cleaning Tank 

Provide a tank,  similar t o  t h e  e t ch  tank,  t o  accommodate a 
c a n i s t e r  about which o x a l i c  ac id  may be c i r c u l a t e d .  Appropriate  
cool ing  and hea t ing  systems are requi red  t o  vary t h e  temperature  
of the  c leaning  s o l u t i o n  between 35OC and 90°C. 
device  i s  r equ i r ed  t o  t r a n s f e r  t h e  spent  c l e a n i n g . s o l u t i o n  t o  
t h e  d i g e s t o r  tank. 

A t r a n s f e r  

Spray Tank ( 2 )  

Following each decontamination s t e p ,  t h e  c a n i s t e r  i s  t rans-  
f e r r e d  t o  i t s  r e s p e c t i v e  spray tank i n  which t h e  c a n i s t e r  i s  
r in sed .  
r i n s e  water t o  t h e  spray  hold tank. 

S u i t a b l e  t r a n s f e r  devices  are requ i r ed  t o  t r a n s f e r  t h e  

Spray Hold Tank 

Provide a tank  t o  accommodate t h e  c a n i s t e r  r i n s e  waste from 
each spray tank. The tank  i s  t o  be equipped wi th  a s u i t a b l e  
l i q u i d  l e v e l  device.  A t r a n s f e r  device  i s  r equ i r ed  t o  t r a n s f e r  
r i n s e s  t o  t h e  spent  decon s o l u t i o n  pump tank.  

Diges te r  

A tank ,  equipped wi th  h e a t i n g  and cool ing  c o i l s ,  i s  re- 
, qui red  i n  which t h e  spent  c l ean ing  s o l u t i o n  can be d iges t ed  t o  

des t roy  t h e  o x a l i c  a c i d .  
s e r v i c e  t o  t h i s  tank  are requi red .  A condenser i s  requi red  t o  
condense and r e c y c l e  t h e  condensables evolved dur ing  d i g e s t i o n .  
A t r a n s f e r  device  i s  r equ i r ed  t o  t r a n s f e r  t h e  d iges t ed  s o l u t i o n  
t o  t h e  n e u t r a i i z e r  tank.  The tank should be equipped wi th  
s u i t a b l e  devices  f o r  monitor ing l i q u i d  l e v e l ,  s p e c i f i c  g r a v i t y  
and temperatures .  A s a m p l e r  i s  reqi i i red.  

Ni t r ic  a c i d  and manganese ni t ra te  
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Neut ra l i ze r  

Provide a tank wi th  cool ing  c o i l s  i n  which t h e  spent  
e tch ing  s o l u t i o n  and d i g e s t e d  c leaning  s o l u t i o n  may be neu t r a l -  
i zed .  A t r a n s f e r  device  i s  requi red  t o  t r a n s f e r  t h e  n e u t r a l i z e d  
s o l u t i o n  t o  t h e  spent  decon s o l u t i o n  Dump tank.  The tank  must 
be equipped wi th  appropr i a t e  devices  t o  measure l i q u i d  l e v e l ,  
s p e c i f i c  g r a v i t y  and temperature  . A sampler and a g i t a t o r  are 
r equ i r ed .  

Spent Decon Solu t ion  Pump T a n k  

Provide a pump tank by which t h e  spent  decon s o l u t i o n s  and 
r i n s e  water may be t r a n s f e r r e d  t o  the  r e c y c l e  c o l l e c t i o n  tank 
f o r  dewatering i n  t h e  Recycle Evaporator.  

5.2 .14 .3  Mechanical Cell B. 

5.2.14.3.1 General- 

F i n a l  c a n i s t e r  decontamination is  designed t o  produce an  
a d d i t i o n a l  DF of 102 t o  l o3  of t h e  remaining canister t r ans -  
f e r a b l e  s u r f a c e  contaminatil3n. Process  decon s o l u t i o n s  used i n  
t h i s  ce l l  are t r a n s f e r r e d  t o  Mechanical Cell A where they  are 
used f o r  pre l iminary  decontaminating of another  c a n i s t e r .  Canisters 
should a i r  d ry  by t:heir own se l f -hea t ing  i n  a r e l a t i v e l y  c l ean  
area be fo re  d ry  smearing t h e  s u r f a c e  and t r a n s f e r  i n t o  Mechanical 
C e l l  C. 

5.2 .14 .3 .2  Etch Tank - 
S i z e  and funct:ion of t h e  tank t h e  same as i n  Mechanical 

C e l l  A .  Tank i s  vented t o  a c a u s t i c  scrubber .  A s u i t a b l e  t r a n s f e r  
d e v i c e  i s  r e q u i r e d  t o  t r a n s f e r  t h e  spent  etch s o l u t i o n  t o  
Mechanical C e l l  A. 

5 . 2 . 1 4 . 3 . 3  Cleaning Tank 

S ize  and func t ion  of t h i s  ‘tank t h e  same as i n  Mechanical 
C e l l  A .  A s u i t a b l e  t r a n s f e r  device  i s  requi red  t o  t r a n s f e r  t h e  
spent  c leaning  s o l u t i o n  t o  Mechanical C e l l  A. 
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5.2 .14 .3 .4  Spray Tank ( 2 )  

S i z e  and func t ion  of t h e s e  tanks t h e  same as i n  Mechanical 
C e l l  A. 

5.2.14.3.5 Spray Hold Tank 

Provide a tank t o  hold t h e  spray water from t h e  spray tanks .  
Tank should be equipped wi th  an a g i t a t o r ,  sampler and s u i t a b l e  
devices  t o  measure l i q u i d  l e v e l ,  s p e c i f i c  g r a v i t y  and temperature .  
A t r a n s f e r  device  i s  requi red  t o  t r a n s f e r  con ten t s  t o  t h e  spent  
decon s o l u t i o n  pump tank.  

5.2.14.3.6 Caust ic  Scrubber 

The e t c h  tanks  (Mechanical C e l l  A & B) should be vented t o  
a c a u s t i c  scrubber  t o  prevent  hydrogen f l u o r i d e  from e n t e r i n g  
t h e  process  vessel ven t  system. HF and HN03 i n  a i r  over e t c h  
tank  con ten t s  assuming s a t u r a t i o n  a t  50°C is as fo l lows  

P a r t i a l  Concentrat ion,  ppm 
Pres su re ,  mm" Volume Weight 

HF 0.06 80 57 

"03  0.06 80 180 

80 H2° 
A i r  Balance 

100,000 69 ,500  

Balance Balance 

5.2.14.4 Mechanical C e l l  C 

. Provide remote equipment t o  measure c a n i s t e r  r a d i a t i o n  
l e v e l s ,  s u r f a c e  temperature ,  and s u r f a c e  t r a n s f e r a b l e  contami- 
na t ion .  Remote readout  i s  r equ i r ed  on t h e  r a d i a t i o n  meters and 
t h e  s u r f a c e  pyrometers. Provide a b i l i t y  f o r  i n t roduc ing  "clean" 
smear papers  i n t o  "C" ce l l  and removing "d i r ty"  smear paper  from 
t h e  c e l l  f o r  count ing.  The r a d i a t i o n  monitor should be equipped 
wi th  a gamma d e t e c t o r  f o r  canister r a d i a t i o n  p r o f i l e  survey one 
f o o t  from the  su r face .  The s u r f a c e  temperature  measuring equipment 
should have a range of 0-500°C and be capable  of measurements a t  
t h e  c a n i s t e r  q u a r t e r p o i n t s  a long i t s  l eng th .  
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5.2.15 I n t e r i m  Sto- 

Provide  r e i n f o r c e d  c o n c r e t e  f a c i l i t i e s  t o  s t o r e  6500 c a n i s t e r s  
t h a t  e n c a p s u l a t e  t h e  g l a s s  waste. The f a c i l i t i e s  should  be des igned  
t o  w i t h s t a n d  n a t u r a l  c a t a s t r o p h e s  such as e a r t h q u a k e s ,  f l o o d i n g ,  
and t o r n a d o e s .  Provide  f o r  removal of f i s s i o n  p r o d u c t  decay h e a t  
by n a t u r a l  convec t ion  a i r  c o o l i n g  around c o n t a i n e r s .  The maximum 
g l a s s  tempera ture  i s  5OO0C t o  avoid  d e v i t r i f i c a t i o n .  F i l t r a t i o n  
of t h e  c o o l i n g  a i r  exhaus ted  from t h e  b u i l d i n g  i s  n o t  r e q u i r e d .  
A system i s  r e q u i r e d  t o  d i v e r t  t h e  b u i l d i n g  a i r  t o  a HEPA f i l t e r  
bank a u t o m a t i c a l l y  i n  t h e  e v e n t  of a i r b o r n e  contaminat ion .  Also, 
t h e  normal b u i l d i n g  e x h a u s t  should  be blocked i n  t h i s  emergency 
mode. P r o v i s i o n  should  be made f o r  remote t r a n s f e r  of canister 
from "C" c e l l  t o  t h e  s t o r a g e  f a c i l i t y .  P r o v i d e  a i r  samplers  t o  
c o n t i n u o u s l y  moni tor  exhaus t  a i r  f o r  a i r b o r n e  a c t i v i t y .  
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TABLE 5 . 1 .  UWPF Serv ices  and Equipment 

a - Recirculntea to CS feed tank during s e t t l i n g  period 
b - Sludge layer  
c - Supernate layer  

d - Sludge layer  
e - In backwash t o  f i l t e r  bottom 
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TAR1.E 5 . 1 .  DWF Serv ices  and EquipmKnL (Contd) 

a .  These tanks vent to Regulated F a c i l i t y  Vessel Vent System 
h. Spraydown O f  de-entrainer 
c .  These f a c i l i t i e s  vent to a separate vent system (see FS-14) 

Q 
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TABLE 5 . 1 .  DWPF Services  and Equipment (Contd) 

x x x  Dfgester x x x x  

a - Agi ta t ion  by s o l u t i o n  c i r c u l a t i o n  
h - Vents to the Caustic Scrubber 

Q 



1 

! 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

1 

r- 
ul 
In 

I 

3 '3 3 



TABLE 5 . 2  

Cold Feed Serv ices  
n 

Vessel 

Aluminum Dissolver  

- Service 

50% NaOH 
Anti-foam 
Starch  Dispersion (Floje1@-60) 
8% dispers ion  i n  Dl NaOH 
Dl NaOH 

Sand, 25-40 mesh 
Anthrac i te ,  20-30 mesh 
P o l y e l e c t r o l y t e  (Versa TT?700) - 
lM NaOH 
3-4~1 "03 
Sand, 40-60 mesh 
k t h r a c i t e ,  30-50 mesh 
P o l y e l e c t r o l y t e  (Versa TI? 700) - 

3 - 4 ~  "03 

0.1% i n  d i s t i l l e d  water 

0.1% i n  d i s t i l l e d  v a t e r  

Module 

Aluminum Dissoluti.on 

S e t t l i n g I F i l t r a t i o n  Gravity S e t t l e r  

Sand F i l t e r  No. 1 

Sand F i l t e r  No. 2 

C s  I E  Columk A and B 

Sr  I E  Column 

Cs Elu te  Bounce Tank 

Sr  Elu te  Bounce Tank 

Cesium and Strontium 
Ion Exchange 

Duol i te  ARC-359 Resin 

Amberlire IRC-718 Resin 

W NaOH 

0.OlM NaEDTA - 0.OOl.M NaOH 

Cs E l u t r i a n t  Recovery/ 
C s  Concentration 

Cs E l u t r i a n t  Makeup 
Tank 
Cs Vent Scrubber 

EM "&OH (aqueous) 
Carbon Dioxide (gas)  
Chi l led Water 

Spray Calc ina t ion /  
V i t r i f i c a t i o n  

Calc iner  F r i t  

Acid Wash Column 

Backvash Hold Tank 

3M mO3 

50% NaOH 
Mercury Recovery 

Mechanical C e l l  A Diges te r  

Neut ra l izer  
Spray Tanks 
Smear S t a t i o n  

50% NaOH 
Spray Water 
Paper Smears 

Mechanical C e l l  B Etch Tank 
Caust ic  Scrubber 
Cleaning Tank 

3.5M "NO3 - 0.4M NaF 
NaOH 
100 g/L CZH204 

50% NaOH 
Spray Uater 
Paper Smears 

Spray Hold Tank 
Spray Tanks 
Smear S t a t i o n  

Mechanical C e l l  C Spot Elec t ropol i sh ing  
Smear S t a t i o n  

m03 Paper Smears 

C s  F ixa t ion  on Z e o l i t e  Z e o l i t e  Column Z e o l i t e  
Water 

Spray Water Sludge Washing Centr i fuge 

Product S a l t  Solu t ion  
Concentrat ion and 
S o l i d i f i c a t i o n  i n  Concrete 

S a l t c r e t e  P lan t  Cement 



TABLE 5.3 

Technical Spec i f i ca t ions  f o r  Wash Centr i fuge 

Basket S i ze  

Top-driven, bottom-unloaded, so l id -  
w a l l  ba tch  basket  c e n t r i f u g e  

Minimum basket  s i z e  of 48 inches  i n  
diameter  by 30 inches  high with 
120 ga l lon  capac i ty  

Speed Maximum bowl speed when plowing - 100 rpm 

Cen t r i fuga l  Force 900 g ' s  minimum a t  l i q u i d  pool 
s u r f a c e  

Separa t ion  

Drive 

Discharger  

Skimmer 

Feed System 

Cake Densi ty  

98% minimum s o l i d s  recovery over  each of : 
t h e  dewatering s t e p s  and two wash s t e p s  

300 f t - l b  minimum torque  requi red  
a t  d ischarge  speed 

Single ,  knife-edge, scraping-type plow 
wi th  h igh  p res su re  hydrau l i c  spray  system 

S ing le  l i n e a r  skimming device  

Complete o r  n e a r l y  complete 
a c c e l e r a t i o n  of feed requi red  be fo re  
e n t r y  i n t o  basket  

3 100 l b / f t  
w e t  cake i n  basket  

maximum bulk  d e n s i t y  of 
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TABLE 5 . 4  

PAT Spray  Dryer Basic Data 

Spray 
Dryer Waste Feed Rate, Wall Power 
Size, in. Type gal/hr Temp., 'Ce Input, kW 

2 la S RP 3.96 27 00- 75 0 45 

21 SRP 7.93 VOO- 7 50 50 

21 SRP 13.2 2700- 7 50 68 

21 ~ SRP 14.5 %700-750 71 

21 LWR 19.8 7 00 M O C  

36b LWR 55.5 800 225d 

36 SRP 7 9 . 3 .  770 284 

36 S RP 66.1 790 262 

36 SRP 46.2 810 211 

a. 21-in.-diameter x 6 ft 6-in.-long chamber; 35.7 ft 2 
heat transfer area. 

b. 36-in.-diameter x 10 ft 0-in.-long chamber; 94.3  ft 
heat transfer area. 

c. Maximum heater output. Wall temperature could not 
be maintained above 19.8 gallhr feed rate. 

d. Plaximum output of heaters rated at 390 klJ. 

e. Estimated wall temperature based on furnace temperature 

2 

and PNL experience. 
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FIGURE 5.1 High-Capacity Atomizing Nozzle 
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FIGURE 5.2 Conceptual Developmental Spray Dryer 
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FIGURE 5 . 3  Spray-Dryer F i  1 ter Assembly 
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FIGURE 5 . 5  Continuous Evaporator 
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FIGURE 5 . 6  Bent-Tube Evaporator 
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6. PROCESS CONTROL 

6.1 General 

The radioactive nature of defense waste requires that pro- 
cessing be achieved with minimum exposure of operating personnel 
to radiation and protection of the environment. Conducting this 
process in a remotely operated facility is an integral part of 
this philosophy, but makes instrumentation and control of the 
process difficult. 

Analytical support to monitor and control the process will 
be provided by on-line instrumentation wherever practical. 
the critical analyses can not be done on-line, sufficient hold-up 
capacity is required to facilitate off-line analysis to be 
performed . 

If 

In addition to providing support for on-line process control 
analyses and critical off-line analyses, analytical facilities 
will be required to provide a multitude of analyses required to 
characterize feed streams, to perform material balances, inventory 
discharges to the environment, etc. 

Tables 6.1 and 6 . 2  summarize the type of on-line and off-line 
analyses currently considered required to control and audit the 
process. Estimates of the concentration of radioactivity in 
process streams are available in Appendix 13.7. Estimates of other 
measurements are available from the appropriate material balance 
flowsheet in Section 4,. 
ambient to 100 unless specifically noted. 

Solution temperatures will range from 

Where steam jets are used f o r  solution transfer, steam flow and 
pressure should be monitored. 
amperage, voltage and power should be monitored. The amperage, 
voltage, power and rpm should be monitored for all tank agitators. 

.Where transfer pumps are used, 
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TABLE 6.1 

DWPF On-Line Process  Cont ro l  Measurements a 

Process  
Module Process  Stream o r  Vessel On-Line Measurement 

Aluminum Sludge Rece ip t  Tank LL, SP G ,  T 
Disso lv ing  Aluminum D i s s o l v e r  LL, Sp g, T(105-107'C), P 

Condenser Cooling Water Tin ,  Tout ,  
D i s s o l v e r  Condensate Tank LL, SP G, T 

Steam t o  D i s s o l v e r  C o i l s  F, p 

Sludge Sludge Feed Tank 
Washing C e n t r i f u g e  

C e n t r i f u g e  Feed (FS-4-3, 10, 17)  
C e n t r a t e  (FS-4-4, 11, 18) 
Wash Tank 
Spray Water 
Washed Sludge Run Tank 
Centrate Tank 
C e n t r a t e  Hold Tank 
C e n t r i f u g e  Skimmer 
C e n t r i f u g e  Discharger  

Spray Drying/ S l u r r y  Mix Tank . 
V i t r i f i c a t i o n  S l u r r y  Hold Tank 

C a l c i n e r  Feed Tank 
Feed Loop 
Calciner Feed (FS-5-8) 
Atomizing Air (FS-5-9) 
Off-Gas (FS-5-13) 
F r i t  Feed (FS-5-11] 

a. LL - Liquid  Level  A - Amperage Tu - T u r b i d i t y  
I Sp G - S p e c i f i c  Gravi ty  E - Vol tage  ET - Elapsed Time 

T - Temperature W - Power F'L - Foam Level  
P - P r e s s u r e  V - V i b r a t i o n  M - Weight 
F - Flow C - Conduct iv i ty  

b. F i n a l  Wash 

c. 

d .  65 l b  f r i t 1 3 5  l b  of s o l i d s  and salts i n  feed on a d r y  b a s i s  

4 l b s  a tomiz ing  a i r / g a l  feed s l u r r y  

- 6 . 2  - 

LL, Sp G ,  T 
T (Spindel  Bearing) .  RPM (50-1400) 
A, E, W ,  % Cake Loading, V 
F (1-60 gpm, 7.4 gpm nominal 
Cb (500-20,000 umho/cm) Tu (5000 ppm) 
SP G ,  u, T 
F9 p 
LL, Sp G ,  T 
LL, Sp G ,  T 
LL, Sp G ,  T 
P o s i t i o n  
P o s i t i o n  

u, SP G ,  T 
LL, Sp G ,  T 
LL, Sp G ,  T 
F ('5 f t / s e c ) ,  P 
F (1.0 gpm),2P 
F (2.38 x 10 l b / h r ) c ,  P, T 
P, T (as meanured a t  f i l t e r s )  
F (1.83 x lo2  l b / h r )  

A 



TABLE 6.1,  (Contd) 

Process  
Module Process  Stream o r  Vessel 

S i n t e r e d  Metal F i l t e r s  
Spray Dryer Chamber 
F i l t e r  A i r  Blowback 
Spray Dryer Cone 
Spray Dryer Heaters  
Melter 
Melt 
Melter E l e c t r o d e s  
Elec t rode  Cooling A i r  
Melter S h e l l  Cooling Water 
Riser Heat.er 
Riser Melt 
T i l t  Pour 
C a n i s t e r  
C a n i s t e r  Contents  

Off-Gas Vapor Duct 
Treatment Off-Gas Condensate Tank 

Mercury Sump 
Quench Stream Pump 
@ench Stream (FS-6-2) 
Quench Stream (FS-6-3) 
Cooling Water t o  Cooler 
Recycle C o l l e c t i o n  Tank 
DBF C1 Scrub Pump 
Scrub t o  DBF W1 Atomizing 

Nozzle 
Atomizing Air t o  DBF 

81 Atomizing Nozzle 
Scrub t o  DBF 8 1  

Spray Nozzle 
DBF P 1  
F i l t e r  PumD Tank 
DBF f12 Scrub  Pump 
Scrub t o  DBF #2 

Atomizing Nozzle 
Atomizing A i r  t o  DBF 

1 2  Atomizing Nozzle 
Scrub t o  DBF 1 2  

Spray Nozzle 
DBF #2 
Brine t o  Filter 

Pump Tank C o i l s  

On-Line Measurement 

T,  AP (about  15" H20) 
T ( p r o f i l e ,  600-9OO0C), P(-15"H20) 
T,  P, ET 
T ( p r o f i l e ,  300-600°C) 

P and T (vapor space)  
T (1150°C), LL, FL 
A, E ,  k', T (1050°C) 
F, T,  P ( i n ) ,  T ( o u t )  
F, T, P ( i n ) ,  T (out )  

E ,  W ,  T (1050°C) 

A, E, W 

T (1000°C) 
P o s i t i o n  
T (300-950°C). W 
LL, h' 

T (about 350°C) 
LL, Sp G ,  T ( s c r u b ) ,  T (vapor) ,  C 
LL (high and low) 

T, P 
T, P, F (177 gpm) 
F, P,  T (in), T (out) 
LL, Sp G ,  T 

F, P, T 

A, E, W 

A, E, W 
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TABLE 6 . 1 ,  (Contd) 

Process  
Module Process  Stream o r  Vessel 

n 

MeTCUTy 
Recovery 

Vapor from DBF 8 2  (FS-6-15) 
Ruthenium Adsorber P r e h e a t e r  
Steam t o  Ruthenium Adsorber 

Vapor from Heater (FS-6-16) 
Primary Ru Adsorber 
Vapor from Primary Ru 

Adsorber (FS-6-17) 
Secondary Ru Adsorber 
Vapor from Secondary Ru 

Adsorber (FS-6-18) 
I o d i n e  Adsorber P r e h e a t e r  
Steam t o  Heater 
Vapor from Heater (FS-6-19) 
I o d i n e  Adsorber 
Vapor from I2 Adsorber 

Off-Gas Cooler  
Exhausters 
Exhauster  E f f l u e n t  (FS-6-22) 
Canyon A i r  
Process  Vessel Vent F i l t e r  
Vessel Vent (FS-6-24) 
Vessel Vent (FS-6-25) 
Sand F i l t e r  
S tack  E f f l u e n t  (FS-6-26) 
Mercury Rece ip t  Tank 
1st Mercury Pump 
Inlet  Stream t o  Hg F i l t e r  No. 1 
Mercury F i l t e r  No. 1 
Acid Wash Feed Tank 
Acid Wash Pump 
I n l e t  Stream t o  A c i d  Wash Column 
Oxidat ion Tank 
2nd Mercury Pump 
I n l e t  Stream t o  Hg F i l t e r  No. 2 
Mercury F i l t e r  No. 2 
Mercury S t i l l  Feed Tank 
Mercury S t i l l  
S t i l l  Heater 
Cooling Water t o  Condenser 
Backwash Hold Tank 
F i l t e r  Backwash 
Mercury S t i l l  Product  Tank 

P r e h e a t e r  

(FS-6-20) 

On-Line Measurement 

T 
AP (2" H20) 
P, T,  F 

T 
AP (30" H,O) T ( 1 s t  6" of adsorbent )  
T ,  Ru - 
AP (30" H20) 
T 

F,  12, Ru, a, 8-v 
LL 

A i r  Flow t o  Oxidat ion Tank F 
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TABLE 6 .1  (Contd)* 

P r o c e s s  
Module P r o c e s s  Stream of Vessel 

Recyc le  Recyc le  Evapora t ion  Feed Tank 
Evapora t ion  Evapora to r  Feed (FS-7-9) 

Recyc le  Evapora to r  
De-en t r a ine r  
Cool ing Water t o  Condenser 
RE Condensate  Tank 
RE Bottoms Tank 
Steam t o  Evapora to r  

S e t t l i n g  and S a l t  S o l u t i o n  Rece ip t  Tank 
F i l t r a t i o n  GS Feed Tank 

GS Feed (FS-8-4) 
G r a v i t y  S e t t l e r  
S t a r c h  (FS-8-5) 
GS Bottoms Tank 
Steam t o  GS Feed HX 
Cooling Water t o  GS 
GS S u p e r n a t e  Tank 
Sand F i l t e r  Feed Tank 
Sand F i l t e r  Feed (FS-8-10] 
P o l y e l e c t r o l y t e  (FS-8-11) 
Sand F i l t e r  No. 1 
F i r s t  F i l t r a t e  Tank 

Sand F i l t e r  Feed (FS-8-14) 
P o l y e l e c t r o l y t e  Feed (FS-8-15) 
Sand F i l t e r  No. 2 
Second F i l t r a t e  Tank 
F i l t r a t e  Hold Tank 
F i l t e r  Backwash Tank 
F i l t e r  A i r  Blowback 
F i l t e r  F i l t r a t e  Backwash 

Waste Sand Tank 
(FS-8-20, 21) 

Cesium Ion I o n  Exchange Feed Tank 
Exchange Feed t o  Cesium Feed Bounce 

C s  Feed Bounce Tank 
Cesium Ion  Exchange Columns 
P r imary  and Secondary Column 

Water R i n s e  (FS-9-4) 
C s  E l u t e  Bounce Tank 
E l u t r i a n t  (FS-9-6) 
E l u a t e  (FS-9-9) 

Tank 

E f f l u e n t s  ( d u r i n g  l o a d  c y c l e )  

On-Line Measurement 

LL, Sp G ,  T 
F 
LL, Sp G ,  T ,  P (vapor )  
AP 
F, T, P 
LL. Sp G ,  T 
LL, Sp G ,  T 
F,  T, P 

LL, Sp G ,  T 
LL, Sp G ,  T 
F,  T 
LL, T, S ludge /Superna te  I n t e r f a c e  
F ,  T 
LL, Sp G ,  T 
F, P. T 

U, SP G, T 
F, T 

LL, Sp G ,  T 
F,  P. T 
F,  P ,  T - .  

AP, Gamma Leve l  
LL, Sp G ,  T 

F,  P ,  T 
F ,  P ,  T 
AP, Garmpa Leve l  
LL, SP G ,  T 
LL, Sp G ,  T 
LL, Sp G ,  T 
F,  p 
F,  P,  T 

LL. Sp G ,  T 

LL, Sp G ,  T 
F,  P, T 

LL, Sp G 
R e s i n  Leve l  

Water R inse  (FS-9-10] F, T, P 
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TABLE 6.1 (Contd) 

Process 
Module Process Stream of Vessel 

Regenerant (FS-9-14) 
Regenerant (FS-9-15) 
Column Backwash (FS-9-25) 
Column Backwash (Effluent) 
Cs Eluate Tank 
Coolhg Water to Cs ET 
Cs Regenerant Catch Tank 
Spent Resin Tank 

Strontium Ion Sr Feed Bounce Tank 
Exchange Feed to Ion Exchange 

(FS-10-1, 3) 
Sr Ion Exchange Column 
Water Rinse (FS-10-5) 
Sr Elute Bounce Tank 
Elutriant (FS-10-8) 
Water Rinse (FS-10-10) 
Product Salt Hold 

Sr Eluate Tank 
Feed to Concentrator (FS-10-12) 
Sr Concentrator 
Steam to Concentrator 
Cooling Water to Condenser 
Sr Concentrator Bottoms Tank 
Sr Concentrator Condensate 

Tanks 

Tank 

Column Backwash (FS-10-18) 
Column Backwash (Effluent) 

Cs Elutriant cs Concentrator Feed Tank 
RecoverY/Cs paporator Feed (FS-11-2) 
Concentration Cs Concentrator 

Steam to Concentrator 
Cooling Water to Purge 

Purge Condensate Tank 
Condensate (FS-11-4) 
Stripper Condenser 
Cooling Water to Stripper Cond 
Stripper Condensate (FS-11-5) 
Stripper Condensate Tank 
Cs Elutriant Makeup Tank 
Aqueous Ammonia (FS-11-7) 

Condenser 

On-Line Measurement 

F, T9 P 
C 
F,  P 
Suspended Solids 
LL, Sp G, T 

LL, Sp G, T 
LL, Sp G, T 

F9 T 

LL, Sp9 T 
F, P, T 

AP 
F, T, P 
LL, Sp G 
F, Ps T 
F, P, T 
LL, Sp G, T 

LL, Sp G, T 
F 
LL, Sp, T, P (vapor) 
F, T, P 
F,  P, T 
LL, Sp G, T 
LL, Sp G, T 

F,P 
Suspended Solids 
LL, Sp G, T 
F 
LL, Sp G, T, P 
F, T, P 

LL Sp G, T 
135cs 
AP, T 
F T, P 

LL, Sp G, T 
LL, Sp G, T 
F 

137cs 
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TABLE 6.1 (Contd) 

Process  
Module Process  Stream or Vessel On-Line Measurement 

C s  Concent ra tor  Bottoms Tank LL, T, Sp G 
Cooling Water t o  C s  CBT F,  P, T 
Carbon Dioxide (FS-11-8) F,  P,  T 
C s  E l u t r i a n t  Feed Tank LL, Sp G ,  T 
C s  Vent Scrubber Tank LL, Sp G ,  T 
Cesium Vent Scrubber AP 

. C h i l l e d  Water t o  Vent Scrubber F, T, P 
(FS-11-11) 

Scrubber  Vapor E f f l u e n t  
(FS-ll-V26) 

C s  F i x a t i o n  Z e o l i t e  Feed Bounce Tank 
on Z e o l i t e  Feed t o  Z e o l i t e  Column (FS-12-2) 

Z e o l i t e  Column 
Cooling Water t o  Column 
Z e o l i t e  Column E f f l u e n t  

Column Water Rinse (FS-12-5) 
Z e o l i t e  R a f f i n a t e  Bounce Tank 
CO~LUIU-I Backwash (FS-12-10) 
Z e o l i t e  S l u r r y  Tank 
Cooling Water t o  ZST 
Z e o l i t e  R a f f i n a t e  Hold Tank 

(FS-12-3) 

General Genera:L Purpose Evaporator  
Purpose Feed Tank 
Evaporator  Evaporator  Feed (FS-13-5) 

General  Purpose Evaporator  
De-entrainer 
Steam t o  Evaporator  
Cooling Water t o  Condenser 
GPE Bottoms Tank 
GPE Condensate Tanks 
Heater 
Steam to Heater 
HEPA 
Flow from HEPA (FS-13-VZ9) 

Product: S a l t  S o l u t i o n  S torage  
Solution Tank 
Concent ra t ion  Product  S a l t  Evaporator  (PSE) 
and S o l i d i f i -  Feed t o  Product  S a l t  Evapora- 
c a t i o n  i n  t o r  (FS-14-2) 
Concrete  Steam t o  Evaporator  

Product  S a l t  

De- ent r a l n e r  
Cooling Water t o  Condenser 
PSE Condensate Tank 
B E  Concent ra te  

Feed t o  SCP (FS-14-10) 
Steam t o  L i f t  
Concrete Flush Hold Tank 

Tank 

F, T, "39 CO2 

LL, Sp G ,  T 

AP, T. ( v e r t i c a l  p r o f i l e )  
F,  T, P 

( i n  
T 

and o u t )  

F, P 
LL, Sp G ,  T 
F, p 
U, Sp G ,  T ,  13'Cs 
F, P, T ( i n  and o u t )  
LL, Sp G ,  T 

LL, Sp G,  T 

F 
LL, Sp G ,  T. P (vapor)  
AP 
F, T, P 
F, T, ( i n  and o u t ) ,  P 
LL, Sp G ,  T 

T 
SP G, T 

F, p 
0,  g a m  
F 

LL, Sp G ,  T 

LL, Sp G,  T, P (vapor)  
F 

F, P, T 
AP 
F, P, T, ( i n  and o u t )  
LL, Sp G ,  T 

SP G, T 

F 
F, p 
LL, Sp G ,  T 

Steam t o  Heater F,  P 
HEPA AP, g- 
Flow from HEPA (FS-14-V22) F 
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TABLE 6.1 (Contd) 

Process  
Module Process  Stream o r  Vessel On-Line Measurement 

Mechanical Leak Test S t a t i o n  
C e l l  A Etch Tank 

Cleaning Tank 
Deionizer  
Deionizer  P r e f i l t e r  
Deionizer  Ef fuent  (FS-15-28) 
Deionizer  Feed (FS-15-29) 
D i g e s t e r  
Steam t o  D i g e s t e r  C o i l s  
Cooling Water t o  

Spray Water 
Spray Hold Tank 
N e u t r a l i z e r  
Spent  Decon S o l u t i o n  

Pump Tank 
Cooling Water t o  N e u t r a l i z e r  
Deionizer  Purge 

D i g e s t e r  and Condenser 

Mechanical Spray Water 
C e l l  B Etch Tank 

Cleaning Tank 
Spray Hold Tank 
HF Scrubber  Scrub 

Mechanical Canister 
C e l l  C 

F,  p 
LL, Sp G ,  T 
LL, Sp G ,  T 
LL, Sp G, T 
F 

T ( p r o f i l e ) ,  G a m a  
( p r o f i l e  

a 
Interim V e n t i l a t i o n  F, 8-Y 

S t o r a g e  
F a c i l i t y  

a. Of t h e  p a r t i c u l a t e  a i r  sampler  f i l t e r  paper .  
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TABLE 6.2 

DWPF Off-Line Analyses (Unless  o therwise  s p e c i f i e d ,  t h e  d e s i r e d  u n c e r t a i n t y  i s  2 10% 

Module Process  Stream Sampling Locat ion Analyses 

Waste Blending Sludge-Slurry I n t r a r e a  Blend OH- 
( F S - 2 - 4 )  Fe 

A l  ( i n s o l u b l e )  
Al ( s o l u b l e )  
Mn 
U 
Ca 
Hg ( i n s o l u b l e )  
Hg ( s o l u b l e )  

. N i  
C 
s i  

Waste Blending Supernate  
(Tank Farm) (FS-2-8) 

I n t e r a r e a  Blend 
Tank 

L 
NO3- ( i n s o l u b l e )  
NO3- ( so luble)  
N02--(soluble) 
S042-( insoluble)  
SOL,' ( s o l u b l e )  
C1- ( I n s o l u b l e )  
C1- ( so luble)  
F I  ( i n s o l u b l e )  
F ( so luble)  

CO - ( inso luble)  
C&(soluble) 

Na ( Inso luble)  
Na (so luble)  
S o l i d s  
I n s o l u b l e s  
F i s s i o n  Products  
Act in ides  
Tr i t ium 
SP c 
Heat Content 

OH- 
Suspended S o l i d s  
N a+ 
1 

NO5 
NO? 
A102' 
c o y  
S042' 

Approximate Sample 
Concentrat ion Frequency' 

0.25 M 1 Y r  
20 w t  z 
12 w t  x 
3.3 wt X 
5.0 w t  X 
2.3 w t  2 
1 .5  w t  X 
1 . 2  W t  2 
0.05 W t  % 
2 . 8  w t  x 
1.3 w t  X 
0.25 w t  X 
0 . 2 1  W t  2 
0.78 wt x 
33.3 w t  X 
10.0 w t  X 
0.39 w t  X 
7.0 wt % 

0.70 w t  X 
0.19 w t  2 ' 

0.05s w t  x 
0.009 wt X 
2.2 wt % 
4 . 6  w t  2 
2 . 3  wt X 
32.3 w t  2 
50 Vol. X 
9 w t x  
Tables  2.7-2.10 
Tables  2.7-2.10 
Tables  2.7-2.10 
1.14 
Table  2.7-2.10 

0.7 M 1/80d 
1000 ppm (Vol.) 
4 .6  H 

2.0 M 
1 . 0  M 
0.5 n 
0.25 M 
0.30 U 

M 
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Tab le  6 . 2  (Contd) 

A l  D i s s o l v i n g  

Sludge Washing 

Spray Drying/ 
V i t r i f  i c a t i o n  

Process  Stream 

Sludge-Slurry 
S l u r r y  
(FS-4-23 ) 

D i s s o l v e n t  

C e n t r i f u g e  Feed 
(FS-4-3, 10,  1 7 )  

Washed Sludge 
S l u r r y  
(FS-4-23) 

Spray Dryer 
Feed (FS-5-5) 

Sampling Locat ion Analyses  

c 2 g -  
c1  
F- 
Hg 
F i s s i o n  Products  
A c t i n i d e s  
T r i t i u m  

Heat Content  
SP G 

137cs  
T o t a l  Cesium 
9 0 ~ r  
T o t a l  Pu 
K 
Rb 
Fe 
N i  

Sludge Rece ip t  Tank OH- 

A1 (insoluble) 

Al D i s s o l v e r  A1 ( i n s o l u b l e )  

Sludge Feed Tank Water Content  
Dissolved Salt 
Sludge 

Washed Sludge Na* 
Run Tank S0'ZR 

Water Content  
Disso lved  S a l t  

S l u r r y  Hold Tank S o l i d s  
( A c c o u n t a b i l i t y  
sample) 

F i s s i o n  Products  
Act i n i d e s  
Na 
Fe 
A l  
Ca 
Mn 
N I  
U 

*Pr lor  to a d d i t i o n  of GS Bottoms and Waste F i l t e r  Media. 

Approximate Samp 1 e 
Concent ra t ion  Frequency" 

0.003 M 
0 .02  M 
o . o w  M 
 IO-^ M 
Tables  2.3-2.6 
Tables  2.3-2.6 
Tables  2.3-2.6 
1.22 
Table  2 .3-2.6 
2 x 109d/m/mL 
9 x 10-2 g / g a l  
3 1 0 7 d / ~ / m ~  
3 1 0 - 9 ~ / ~ ~ 1  
Trace  
2.5 x 10-4g/gal 
Trace  
Trace  

0 .3  g-moles/l 1/3d  

0.5 g-mole/l 
s l u d g e  

s ludge  

s ludgea 
0.07 p, mol/l-* 1/3d  

60-80 w t  % l / d  
15-30 wt % 
10-20 V O l .  x 
0.1-10 w t  % l / d  
0.1-5 w t  X 
0.1-10 W t  x 

0 .4  w t  x 
a 3  w t  x 

2.17 w t  % 2 1% 
See Appendix 13.7 
See Appendix 13 .7  
2.1 w t  2 
20 w 
3.5  w t  % 
1.5 ey % 
5.5 wt % 
3.'0 w t  2 
2.5 w t  X 

11 b a t c h  

Q 
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Table 6.2 (Contd, 

Module Process Stream Sampling Location Ana 1 v s e s 

Si 
C 

Frit (Cold Feed) 
(FS-5-11) 

Cold Feed 

Off-Gas System Condensate 
(FS-6-30) 

Off-Gas Condensate 
Collection Tanks 

Spray Dryer 
Off -Gas 
(FS-6-1) 

Inlet to PRA 
(FS-6- 16) 

Stream FS-6-16 

PRA Effluent 
(FS-6-17) 

Inlet to IA 
(FS-6-19) 

IA Effluent 
(FS-6-20) 

Exhauster Effluent 
(FS-6-22) 

V e s s e l  V e n t -  
Filtered 

Canyon Air- 
Unfiltered 

Stack Effluent 

Stream FS-6-17 

Stream FS-6-19 

Stream FS-6-20 

Stream FS-6-22 

FS-6-25 

FS-6-23 

FS-6-26 
(Accountability) 

- 6.11 - 

F 
Heat Content 

Na2 sioa 
B2°3 
CaO 

Ti02 

Conductivity 
PH 
Dissolved Salts 

LiZO 

Solids 
c1- 
F- 

Beta-gama 

Beta-gamma 
lo6Ru 
Total Ru 

lo6Ru 
Total Ru 
12g1 

12g1 

Hg 

Total I 

Total I 

Beta-gamma 

Beta-gamma 

Beta-gamma 

Alpha 
Beta-gama 
Fission Products 

Approximate Sample 
Concentration 

1.0 Wt % 
1.0 wt % 
3.0 wt % 
0.4 Wt % 
0.74 wt % 
0.06 wt % 
See Appendix 13.7 

Frequencv' 

53 wt x 2 2% 
19 wt x 2 2% 
10 wt % 2 2% 
5 wt % 5 2% 
4 Wt 'b 5 2% 

10 wt % 2 2% 
3 4  10 -10 umholcm 

4-6 
< .01 wt x 
0.8 wt X 
Trace 
5 10-4 Wt x 

10 iJCilft3 
6 uCi/ft3 

0.5 vCi/ft3 

0. 6 uCI ft 

8 ug/ft3 
6 x lo-' uCi/ft3 

0.05 uCi/ft3 
12 ppm 

7 10-5 ~ i / f t 3  

3 1 uglft 

0.01 ug/ft3 
3 

10 9 J  g/ft 

llbatch 

1 / 2  d 

llwk 

llwk 

llwk 

llwk 

l/wk 

llwk 

l/vk 

3 1.7 x uCl1ft l/wk 

10-l' uCi/ft3 l/d 

See Amendix 13.7 
UCi/ft3 

Actinides See Appendix 13.7 
Tritium See Appendix 13.7 



Table 6 . 2  (Contd) 

Module Process Stream 

Recycle Evaporator Feed 
Evaporation 

Evaporator 
3ottoms 
(FS-7-11) 

Evaporator 
Condensate 
(FS- 7-1 3) 

Gravity Settling/ GS Feed 
Filtration (FS-8-4) 

Starch 
(FS-8-5) 

GS Supernate 
(FS-8-8) 

Polyelectrolyte 
(FS- 8- 11 1 

Sand Filter 
Filtrate 

(FS-8-13. 17) 

NaOH 

Backwash 
Slurry 

Filter Media 

Approximate Sample 
Sampling Location Analyses Concentration Frequency' 

RE Feed Tank Total salts 7.0 wt X l/d 
OH- 0.8 M 
Beta-gamma 6 x 1O8d/m/mL 
sg G 1.03 
Solids 0.08 w t  % 

RE Bottoms Tank Total Salts 35 wt % l/d 
0.5 wt X Solids 

OH- 5.0 M 
Beta-gamma 4 x 109d/m/mL 
SP G 1.17 

l/d 
PH Beta-gamma 7-5 10 d/m/mL RE Condensate 

Tank 

GS Feed Tank Centrifuged Solids 5000 ppm 3/d 
1.7 M 
lo8g/m/mL 

Cold Feed 

Total Pu lo-' g/gal 

OH- 1 M  
Viscosity 70 cp 

GS Supernate Tank Centrifuged Solids 50 ppm 
OH' 1.8 M 2 5% 
''5, 107d /m/mL 

l/d 

3/d 

-~ 
Total Pu 

viscosity 35 cp* 

8-4 x IO-' g/gal 

Cold Feed OH- 1.0 M 

1-5 ppm 1st and 2nd Filtrate Solids 
Tanks OH- 1.6 M + 5% 

90~r 106d/m/mL 
Total Pu IO-' g/gal 
Si <3 ppm 

l/d 

3/d 

Cold Feed OH- 1.0 M 5 5% 3/d 

Filter Backwash Solids 1200 ppm l / d  
Tank 

Cold Feed Particle Size Anthracite, 113 mo 
20-50 mesh 

Sand, 25-60 mesh 

~~ 

*Stock solution before dilution in 1.0 M OHs 
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Table 6 .2  (Contd) 

Module 

Cesium Ion 
Exchange 

Process  Stream Sampling Locat ion  

Column Feed I E  Feed Tank 
(FS-9-2 ) 

Column E f f l u e n t  C s  E l u t e  Bounce 
(FS- 9- 3) Tank 

E l u t r i a n t  C s  E l u t r i a n t  
(FS- 9-6) Makeup Tank 

Water Rinse Recycle  Water Tank 
(FS-9-4, 10) 

E l u a t e  
(FS- 9-9) 

C s  E l u a t e  Tank 

Regenerant  (Feed) Cold  Feed 
(FS-9-14) 

NaOH Cold Feed 

Regenerant C s  Regenerant  
( E f f l u e n t )  Catch Tank 
FS-9-15 

Analvses  - 
137cs 
T o t a l  C s  
T o t a l  Pu 
Dissolved S a l t s  
Al 
Na 
K 
OH- 
Rb 

1 3 7 c s  
K 
T o t a l  Pu 
F i s s i o n  Products  
Rb 

NH OH 
(N&,) 2 ~ 0 3  
Alpha 
B e t a - g a m  

PH 
Conduct i v  1 t y 
AlDha 
B e t a - g a m  
137cs 
T o t a l  Cesium 

l”CS 
T o t a l  Pu 
Na 
A 1  

Organic  
K 
Rb 

“3 

OH- 
T o t a l  Cesium 

OH- 

Conduct iv i ty  
T o t a l  Pu 

“3 

Approximate 
Concent ra t ion  

10gdlmlyL 
7 x 10- g l g a l  

g / g a l  

0 . 7  M 2 5% 
4 . 5  M 2 2% 
Trace  
1 . 6  M 
10-5 g / g a l  
See Appendix 13.7 
Trace  
3 x 10 dImlmL 

2 x 1O5d/mImL 
Trace  
2 x IO-’ g / g a l  
See Appendix 13.7 
Trace  

2 M  
2 M  
102d/m/mL 
106d/m/mL 

7-9 
10 umholcm 
<1 d/m/mL 
<1 dfm/mL 
<1 d m1mL 
10-11 g / g a l  

9 2 x 10 d/m/mL 
2.4 x 10-5 g / g a l  
0.4M 
<0.01 M 
5 w t  % 
0.1 w t  % 
Trace  

27 w t  % 2 2% 

10-19 

2 H + 5 %  
Trace 

19 H 

10-14 

Tr4ce 10 umho/cm 

Trace  
0.8 la % 

Sample 
Frequency‘ 

3/80 d 

l lwk 
2lmo 
l lwk 
2 /mo 

3/80d 

l l d  
2/mo 
l / d  
1/2d 
2lmo 

l l d  

l l d  

2 /mo 

2 /mo 
l /wk 
l l d  
1 Jvk 
2/mo 
2/mo 

2 / d  

l l b a t c h  

2 ld  
l!mO 

2 /d 
1 /ma 
l l d  

- 6.13 - 
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Table 6 . 2  (Contd) 

Module Process Srream Sampling Location 

Fresh Resin Cold Feed 

Degraded Resin cs IX COlUrnS 

Strontium Ion Column Feed 
Exchange ( FS-10- 1) 

Sr Feed Bounce 
Tank or Cs 
Elute Bounce 
Tank 

Column Effluent Product Salt Hold 
(FS-10-2) Tank 

Elutriantl Cold Feed 
Reg ener ant 

Sr Concentrator. Sr Eluate Tank 
Feed 
(FS-10-12) 

Sr Concentrator Sr Concentrator 
Bottom Bottom Tank 
(FS-10-13) 

Sr Concentrator Sr Concentrator 
Condensat e Condensate Tank 
(FS-10- 15) 

Resin (Fresh) Cold Feed 

Degraded Resin Sr IX Column 

Water Rinse Recycle Water 
(FS-10-5, 10) Tank 

*Lab test of resin performance with tracers. Cs DF 2 lo4 

Analyses 

Cesium Capacity 
Particle Size 
Mo is ture Re- 

t en t ion 
Dynamic Test 

Moisture Re- 
tention 

A1 
Kd 

90~r 
Fe 
Ni 
Hg 
EDTA 

Total Pu 
9% 
Fe 
Ni 

Beta-gamma 
137cs 

EDTA 
OH- 

9Osr 
Dissolved Salts 
SP G 

SP G 
Dissolved Salts 

90~r 
Beta-gamma 
EDTA 

Sr Capacity 
Particle Size 
Moisture Re- 

t en t ion 
Dynamic Test 

Sr Capacity 

EDTA 

Approximat e Sample 
Concent rat ion Frequency 

Kd = 50-200 (dry) 21batch 
20-80 mesh 
50% 

3 x 1O6d/m/mL 1 Iwk 

Trace 
Trace 
lo-' M 

1.8 IO-' 11 tankful 
3 x io3d/m/mL 
Trace 21mo 
Trace 
Trace lltankful 
108dlmlmL. 
2 x 105d/m/mL 

Trace 21F 

M 2 5% llbatch 
0.1 M 2 5% 

~ o ~ D I ~ ~ ~ L  2/d 
0 . 2 5  w t  2 lld 
0.99 

20 w t  % lld . .  
L.1 

103d/m/mL lld 
2 x 103d/m/mL 
10-5 M 

'b = 200 
20 - 50 mesh 
65% 

2 1 batch 

H 

Ofbatch 

114mo 

lld 
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Table 6.2 (Contd) 

Module 

Cesium Elutrianc 

- 
Recovery I 
Cesium 
Concentration 

Cesium Fixation 

General Purpose 
Evaporation 

Process Stream Sampling Location 

Purge Condensate PC Tank 
(FS-11-4) 

Dovndraf t Cs Condensate 
Condenser Run Tank 
Condensate 
(FS-11-5) 

Scrubber Vent FS-11-22 

Column Feed Cs Concentrator 
(FS-12-2) Bottoms Tank 

Column Effluent Zeolite Raffinate 
(FS-12-3) Bounce Tank 

Fresh Zeolite Cold Feed 

Zeolite Raffinate Zeolite Raffinate 
(FS-12-9) Hold Tank 

Evaporator Feed GPE Feed Tank 
(FS-13-5) 

Evaporator Bottoms GPE Bottoms 
(FS-13-6) Tank 

Evaporator GPE Condensate 
Condensate Tanks (Account- 
(FS-13-8) ability Sample) 

Analyses 

l3?CS 
PH 

"3 
Beta-gamma 

l3?C5 

"4+ 
co2- 

3 
Beta-gamma 

"3 

"4+ 
c0:- 

137cs 

l3?CS 

Dissolved Salts 

Total Pu 
Na 

+ 

Total Pu 

l3?CS 

Total Salts 

Beta-gama 
Conductivity 

PH 

SP G 

SP G 
Total Salts 

Beta-gamma 

PH 
Alpha 
Beta-gamma 
Solids 
Dissolved Salts 
Fission Products 
Act in ides 
Tritium 
Hg 

Approximate Sample 
Concentration Frequencv' 

3 x 10'd/m/mL l/d 
7 
107d/m/mL 
Trace 

2 1 0 ~ d / ~ / m ~  3/d 
6 M  
2 M  
4 x 103d/m/mL 

2 PPm 3/d 

18 vt X l/d 

2 M  
10 3 x 10 d/m/ml 

3 x 10-4 g/gal 
4 M  

108 / m / a  l/d 

M 

10- 2 g/gal 
20-50 mesh 112 mo 

108d/m/mL l/d 

lid <0.1 wt X 

10 d/m/mL 
100-200 umholcm 
1.0 

9-30 

CO.1 vt z l/d 
1.03 
l&d/m/mL 

7-8 l/batch 
1 d/m/mL 

<10d/Q/mL 
(0.01 vt z 
Trace 
See Appendix 13.7 
See Appendix 13.7 
See Appendix 13.7 

Ppm 
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Table 6.2 (Contd) 

- Module Process  Stream Sampling Locat ion 

Product S a l t  Evaporator Feed Product S a l t  Solu- 
Solu t ion  Con- t i o n  S torage  Tank 
c e n t r a t i o n /  
S o l i d i f i c a t i o n  
i n  Concrete 

Evaporator Con- PSE Condensate 
densa te  (FS-14-3) Tank 

Mechanical Spent Cleaning D i g e s t e r  Tank 

3 
C e l l  A S o l ' n  a f t e r  HNO 

and Mn adjustment  

Digested Oxal ic  Diges te r  Tank 
ac id  (FS-15-17) 

Blend of Spent N e u t r a l i z e r  Tank 
Decon S o l u t i o n s  
(FS-15-13, 17) 

Neut ra l ized  Spent N e u t r a l i z e r  Tank 
Decon Sol 'n  
(FS-15-22) 

Deionizer  Feed FS-15-28, 29 
and E f f l u e n t  
(FS-15-28, 29) 

Mechanical C e l l  A Spent Decon Sol 'n  
Spent Decon Wash Pump Tank 
(FS-15-32) 

C a n i s t e r  Smears C a n i s t e r  Sur face  

Approximate Sample 
Analyses Concentrat ion Frequency' 

Dissolved S a l t s  
OH- 
SP G 
F i s s i o n  Products  
Act in ides  
Heat Content 

A302- 
2 
NO2' 

so42- 

F- 
c1- 
Tri t ium 

23 w t  % l/wk 
1 . 4  M 
1 . 2  
See Appendix 13.7 
See Appendix 13.7 
See Appendix 13.7 

2.5 M 
0.3 M 
1 . 3  M 
0.6 M 
0.15 M 

0.002 M 

0.001 M 
0.01 M 
See Appendix 13.7 

M 

Beta-Gam 102d ImlmL. 2/wk 
PH 7-9 

H+ 
Hn 2+ 

1.0 l l r u n  
0.01 M 

H+ 0.4 M l / r u n  

H+ 2.0 M l / b a t  ch 

on- 0.17 M l l b a t c h  

Beta-gamma 
Conduct ivi ty  
T u r b i d i t y  

2/wk 

OH- 0.10 M l / b a t  ch 
Dissolved S a l t s  10 w t  % 
S o l i d s  0.9 w t  X 

2 2 Alpha 10  d/m/dm 
Beta-gamma 103d/m/dm2 

l l c a n i s t e r  
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Table 6.2 (Contd) 

Module Process Stream 

Mechaniral Etch Solution 
Cell B (FS-16-7 ) 

Cleaning Solution 
(FS-16- 7 ) 

Scrub Solution 

Canister Smears 

Approximat e 
Concentration Sampling Location Analvses 

Cold Feed H+ 
F- 

3.5 M 
0 .4  M 

1.0 M R2C204 Cold Feed 

Scrubber Pump OH- 
Tank 

2 M  

2 Canister Surface Alpha <1Od Imldm 
Beta-gamma <1OOd /m/dm2 

Mechanical Canister Smears Canister Surface Alpha <10dlmldmL2 

Interim Air Exhaust Building Exhaust Beta-gamma' Trace 

Beta-gama <100d/m/dm Cell C 

Storage 

a. To avoid repetition, sample frequency is given only when it differs from that 

b. 
r .  Analysis of particulate air filter. 

for the analysis described on the previous line. 

Concentrations are on a dry tlasis. 

Sample 
Fr equencl' 

1 /batch 

l/batch 

llday 

llcanister 

1 /canister 

Daily 
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7. RADIONUCLIDE CONTENT, ACTIVITIES, AND HEAT GENERATION 7.1 

7.1 General 7.1 

7.2 Calculational Basis 7.1 

7.3 Reference Waste' Composition 7.2 

7.4 Curie Balance 17.2 

7.5 References 7.3 

, 

. . .  
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7 .  

7.1 

RADIONUCLIDE CONTENT, ACTIVITIES, AND HEAT GENERATION 
(J. R. Chandler) 

Gencial 

The radionuclide concentrations of each process stream must 
be known in order to specify biological shielding requirements, 
process cooling requirements, and environmental releases. The 
concentrations have been computed for each process stream of the 
reference flowsheet by using a computer model of the flowsheet. 

7.2 Calculational Basis 

The radionuclide calculations assume the following: 

0 

a 

a 

a 

a 

.. 

Both SRP and non-SRP reactor fuels will be processed. 

Five SRP assemblies will be processed: Mark 16B, Mark 22,  
Mark 31A, Mark 31B, Mark 53A. 

Non-SRP reactor fuels (RBOF fuels) are two years old when 
processed. They have a plutonium content equal to 0.32% of 
their U-235 content. Non-SRP fuels have the same relative 
radionuclide composition as a Mark 16B assembly that has been 
irradiated 330 MWD, and the fission product activity at proc- 
essing is 60 Cilgallon. Liquid waste is generated at 808 
gallons/kg of U-235 processed, and the fractions of isotopes 
lost to waste are the same as for the Mark 16B fuel. 

Pu-238 scrap will. be processed. The plutonium distribution of 
the Pu-238 scrap is the same as the plutonium distribution in a 
Mark 53A. The Pu-238 waste generation factors are 0.17% plu- 
tonium l o s t  t o  waste and 1500 gallons/kg of scrap processed. 

Pu-239 scrap will be processed. The plutonium distribution in 
Pu-239 scrap is the same as for a Mark 31A. The Pu-239 waste 
generation factors are 0.02% plutonium lost to waste and 475 
gallons/kg of scrap processed. 

The waste generation rates are based on the average of produc- 
tion schedules for FY-1988, 1989, and 1990. 
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7 . 3  Reference Waste Composition 

Radionuclide concentrations in spent SRP assemblies were 
determined-with reactor production-depletion calculations 111. 
Typical irradiation conditions (Table 7.1) were assumed. Radio- 
nuclide concentrations were calculated for SRP assemblies that 
have cooled 180 days following irradiation. Separation factors 
(Table 7.2) were applied t o  the radionuclide concentrations in 
cooled assemblies to determine the radionuclide concentrations in 
Liquid waste. The radionuclide content of plutonium scrap and 
non-SRP fuels was based on the assumptions in Section 7.2. 

The design basis waste blend is a blend of liquid wastes 
generated during reprocessing of the various spent fuels. The 
relative amount of each type of waste in a unit volume of waste 
blend is proportional to the volume of waste generated from each 
fuel assembly (Table 7.3). Waste blend factors in Table 7 . 3  are 
based on the estimated waste volumes for FY-1988, 1989, and 1990. 

Tables 7.4 through 7.39 list the radionuclide concentrations 
in the reference waste blend and individual assembly wastes for 
five and fifteen-year ages. Results for activity, decay heat, and 
radiation source spectra are provided in Appendix 1 3 . 7 .  

7.4 Curie Balance 

A computer model of the reference flowsheet was developed by 
using the SHIELD [I] system. The computer model simulates the 
flow of radionuclides through the DWPF. The activity, decay heat, 
and radiation source spectra of each process stream were calcu- 
lated from the radionuclide concentrations (see Appendix 13.7). 
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7 . 5  Refe rences  

1. D. R. F inch ,  J .  R. Chandler and J .  P .  Church, "The SHIELD 
System, Transac: t ions of The American Nuclear  S o c i e t y ,  
Volume 32 ,  American Nuclear  S o c i e t y ,  Lagrange Pa rk ,  ZL 
(November 1979l. 
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TABLE 7.1 

Calculational Bases (Beyond FY-1988) 

Mark 16B 

U-235 (kg/assy) 

U-238 (kg/assy) 

U-234 (kg/assy) 

U-236 (kg/assy) 

Power  (MW/assy) 

Fission Exposure 
(MWD/assy) 

Days Irradiated 

Days Cooledt 

Liquid Waste/Assy 
(gal/assy) 
High-heat 
Low-heat 

Total 

3.360 

0.767 

0.087 

1.680 

6 .O 

2.1188 

198 

180 

330 
234 

564 
- 

* The power increases in Mark 

Mark 22 

3.200 

0.480 

0.065 

0.960 

5.1 

%lo05 

197 

180 

220 
156 

376 
- 

Mark 31A 

0.671 

332.85 

- 
- 
2.0-3.1* 

2126 

55 

180 

27 
23 1 

258 
- 

31 assemblies during 

** Time when 80% plutonium content is Pu-238. 

Mark 31B 

0.456 

225.95 

- 
- 
2.0-3.1* 

2.1 06 

44 

180 

18 
157 

175 
- 

a subcycle. 

Mark 53A 

- 
- 
- 
- 
Varies 

%41** 

180 

588 

58 8 
- 

t Elapsed time between the end of the assembly irradiation and 
processing of the assembly into its product 8nd waste fractions. 
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TABLE 7.2 

Fraction of Radioac:tivity in Spent SRP Fuel Lost to 
High-Level Waste During Fuel Reprocessing 

Percent Loss to Waste 
E 1 ement Mark 16B Mark 22 Mark 31A Mark 31B Mark 53A 

Tritium 28 28 28 28 28 

Noble Gases 0 0 0 0 0 

Other F.P. 100 100 100 100 100 

Ur ani um 0.15* 0.15* 0.02* 0.02* 100 

Ne p t uni um 3.5 3.5 6.0 6.0 0.10 

Plutonium 100 100 0.22* 0.22* 0.17 

Am, Cm, etc. 100 100 100 100 100 

* Average of analyses on waste for calendar years 1976 and 1977. 
The majority of analyses were less than the minimum detectable 
concentration. Consequently, this fraction is conservative. 

** Average of analyses on waste for calendar years 1976 and 1977. 
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TABLE 7 . 3  

Volume Proport ion of Wastes 

A s  semb ly F r a c t i o n  

Mark 16B 0 .2153  

Mark 22 0 .1453  

Mark 3l.A 0 .2894 

Mark 31B 0 .0652  

Mark 5 3 A  0 .0212  

RBOF 0 .2213  

Pu-238 Scrap 0 .0114  

Pu-239 Scrap 0 .0309 
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TABLE 7.4 
ISOTOPIC CONTENT (g/gal) OF THE REFERENCE 
DWPF WASTE BLENO - 6 YEARS 

c 

I snrim 

n 3  
- - - - - - - 
I4E 3 

v 5 1  
CR 5 1  
EO 60 
N I  6 0  
GE 12 
GE 1 3  
GE 14 
GE I6 
A S  15 
S F  r r  
SE 78 
S E  19 
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ISOTOPIC CONTENT (glgd) OF THE REFERENCE 
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TABLE 7.7 
ISOTOPIC CONTENT (Cilgal) OF THE REFERENCE 
DWPF WASTE BLENO - 15 YEARS 

1 SOIOPE 
- - --- - - 

t i 3  

A B  n i  

CO 60 
S E  79 

S R  8 9  
S A  90 

v YO 
v 9 1  

Z R  93 
L R  95 
NB 95 
NB 95M 
IC 9 9  
R U I 0 3  
R U l O 6  

R H 1 0 6  
P O I 0 1  
4GI IO 
C0115M 
I N 1 1 5  
I h l l 5 N  
S N I Z I M  
SNIZ)  

RHIOJN 

CUNCENVRAI I C N  

2.33 9 5 7E-03 
5.15334E-03 
I .60884€-05 
1.01639E-09 

2.61905E OU 
2.61374E 00 
I - B Z Z O Z E - Z 6  
2 - 04 30 LE-04 
I.az36zE-23 
3 - 9 3  l 9 3 E - 2 3  
2.31599E-25 
5 -329 1SE-04 
4.39488E-40 
3.50439€-04 

3 -50439E-01 
I .OB1 O3E-06 
6 -492 IZE-08 

7.34 IYSE- I 6  
2. I 1 9 8 9 E - 4 2  
3.23329E-Ob 
9 -04 I 1 3 ~ -  I4 

-- -- - _------ 

4 .  iai UE- 30 

a. m e 4 0 ~ - 4 0  

z . 4 1 1 9 i e 3 a  

1 S C I C P E  

S A L 2 6  
se 1 2 4  
S6 I25 
SB I 2 6  
SBlZ6M 
IElZ5M 
1 E l 2 T  
l E 1 2 7 M  
I C 1 2 9  
l L l 2 9 M  

I 1 2 9  
C S l 3 4  
C 3 l ? 5  
CS131 
t i l 1 3 7 M  
CE141 
C L l 4 2  
C E l 4 4  
PA 144 
PRl44M 
N O L I 4  
PR147 

Pk146M 

- - - - - -- 

p c i 4 a  

I - 7 I 2  €+E-  ( 6  

1 .515 I 3 E - C j  
2 -39 19 7E-Cl 
I. l lZ84E-Cb 
I .84988t-C3 
8-36129E- I 6  
8 .54ZSlE-  16 
3.11105E-49 

S 4 I620t-C 1 
l.34596E-CZ 
t .12293E-Cb 
2-853lOE CC 
2.69503E 00 
t. I53SOE-49 

1.52224E-C4 
I .5Z229t -C4 
l.e2611E-C6 
5 -49430E- 14 
1.5 5052E- C 1 

2.7LbZBE-40 

4 - 4  1.934~- 30 

4. ~ W B L I E - ~ S  

I . O ~ I J T E - C ~  

i .auoz+E-4i 

isarwE 

sni4a 

----- 
S M 1 4 1  

SMl49 
SM151 
EU152 
E U l 5 4  
Ed155 
GO152 
It1160 
TLZOB 
PWIL 
B I L I C  
P O Z l b  
RNLLO 
R A Z Z 4  

U Z J l  
d 2 3 4  
UZ35 
U236 

NPL36 
NP237 

rtitza 

uzja  

ECNC€NIRAT I W J  

................................................................................................................................ ---. 
TOTAL ACTIVITY 1.13 01 a/@ HEAT GENEAATION. watlrlgel 

Prima" 2.37 -02 
Gmma 9.W-03 

...................... ....................................................................................................... -.--. 

lSOfOPE 

PU236 
P b 2 3 1  
PUZ 3 8 
PUZ30 
PUZIO 
Pb24 1 
PU242 
1m241 
AN242 
AM24ZR 
dM243 
c n 2 4 2  
CM243 
CM245 
CH245 
CM246 
L M Z I l  

B K 2 4 Y  
CF249 
CFZ50 
CF251 
C f 2 5 2  

cnzza 

CbNCENIRAIICN 

b.ZZl49E-OI  
4.11514t-4C 
7. a I 8266-01 
a. 005 4 ~ E - O  4 
5 .0322lE-04 
5.902 77E-02 
6 .6969 3E-0 1 
2.39 131E-03 
I .  534 I TE-06 
I .54 ie ic -o t  
6 . 5 ~ 6 8 3 i i - a t  
1.21250E-06 
4 - 8 9  I 8  7E-0 1 
I e2692 I€-05  
7 - 4 6  ICZE- IC 
5 . 9 5 6 4 l E - I 1  
1.33299E-1 7 
1- 65 76 5E- 1 1 

4 . 4 5 1 4 6 E - I t  

7 .35bk2E-18  
I .  3 5 ~ 0 7 E -  I 1  

I .OI I I T E -  I e 

I . 0 3 3 e c ~ - i s  

6 
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TABLE 7.8 
ISOTOPIC CONTENT Ig/suanblv) OF A MARK 16B 
FUEL ASSEMBLY - 5 YEARS 

1 SIIIOPE 

H 3  
I I E  3 

V 51 
CR 51 
c u  f * O  
N I  60 
L E  72 
I,€ 13 
bE I4 
b E  I 6  
A S  75 
S F  I1  
SE In 
S E  79 
S E  '10 
S E  8 2  
flu 8 1  
K R  A2 
U 8  A5 
R B  01 
SR n8 
SR R 9  
SR 90 

Y 89 
Y 90 
Y 91 

L R  YO 
L R  91 
L R  92 
7 R  9 3  
L R  94 
L R  95 
I P  96 
N B  V5 
N B  55M 
no 95 
MO 96 
MO 91 
MG 98 
MCIOO 
IC 99 
R U I O O  
R b I O I  
R U l O Z  
RUIO3 
RUIOZ 
RUIOb 
R H I O 3  
R H I O 3 M  

- - - - - - - COMCENIWAIION 

3 -4 I 125E-04 
I .459 13E-04 
1-39 I 24E-  03 
1.2335VE-22 
I.fl3544L-OL 
1-11 328F-02 
2 .331  31E-04 
v.520 12E-04 
2.551 IIC-03 

b.07024E-03 
3 - 3 9  5 d I F - 0 2  
(1.56 4 60E- 02 
2.12 38 l t -01  
5.11 b 6 I t - 0 1  
I.03641t 00 
A-b686lt-O 1 
3 .44110€-+1 
4 .46553C VO 
1.10355t 0 1  
1.6002l t  0 1  
Z.Ob2 17E- 10 
2 .3Z048E 01 
2.14466E 01 
b.03911t-03 
4.41 130t-39 
J.26435E 00 
Z - L R O 9 O E  01 
7.1406LE 01 
3.1VU35L J I  
~.D22ZVE UI 
5.32LlIE-08 
J.01005C 01 
6.16952E-08 
3.1254l t - I  1 
3.06633E 01 
1. 11 165E-01 
2.YIO8OE 01 
Z.93191L 0 1  
3.11851E 01 
7.99326E 01 
3.164 I lE-01 
2.51133E 01  
2.23499E 01 
6.23s2Bc- I 4 
I .OI5dZt  01 
6.65124E-02 
2.3+221E-OI 
I.ZZ5RlE- 16 

- - _- - - - - - -- - 

I . e I n B ~ E -  o z 

I S C I C P E  

MHICL 
PO104 
PDIO5 
POI06 
POI01 
P O 1 0 8  
PO1 IO 
A C I U 9  
A C I  I 0  
CCI IO 
L C I l I  
L E I 1 2  
C C l l 3  
C C I l 4  
COI 154 
CCIlb 
lh115 

S h l l b  
S h l l l  

S h I  I 9  
SA120 
S L I Z I W  
S h l L 2  
SA123 
ShIL4 
MI.?> 
SA126 

- - --- - - 

i n i i ~ n  

w i i n  

s e i 2 1  
s e i 2 1  
58124  
58125 
SI3126 
S8126M 
IC122  
ILL24 
lE125 
1E125M 
f E I 2 6  
ILL21 
lE121H 
I i I 2 8  
IEIZ9 
I t  129n 
I t130  

1121 
I 1 2 9  
1 1 3 1  

CLhCfhlRII LLN 

6 -23  18ZE-C6 
5.03037t-CI 

Z.SB399E 00 

6 .  IIC40E-CI 
2.1 MOZE-CI 

3 . O O L I B E - C C  
5.561 1Pt-02 
I .  5 Ib58E-C 1 
1.1491 LE-C I 
C.06861E-03 
2.05641E-CI 
I .  845 16E- I5 
Smd4944E-C2 
6 .16389E-CZ 
7 . O I O e Z E - 2 2  

5.61681E-CZ 
1.019IZt-CI 
I .  032C I f -  C I 
1.08IZIE-CI 
j.OZ931E-CS 
I -21555E-CI 
2 .  t 3 4 2 S E -  Cb 
l.PZ45YE-CL 
1. 68  3e  3E -6C 
4.lZE61E-CI 
I .  1 2  1 I O € - C I  
1.4>841E-CI 
4 .V854dE- 13 
6.16375E-CZ 
2.L4912E-CP 

C. 63(1 bbE-C3 
I .ZZ.31E-t3 
I.dl64OE-01 
V.607t5E-C4 
9.OZ9ClE-C3 
3.19033t-C9 
9 . 1 1 Z S t E - C t  
L.61286t 00 
9.251 SI€-2 I 
I .UOl EZE- I 1  
1.00461E CI 
1.03573C C 0  
4.65JC4E C C  
3 .065  TOE-69 

-- - --- --- - - -- 

5.1eee0~ cu 

1 . 1 v t 1 3 4 ~  co 

2 .  a J 5 TOE - CI 

z .  ~ ( I F Z B E - C Z  

I .  I O ~ ~ B E - I I  

ISIJIWt 

IC131 
I t 1 3 2  
C S 1 3 3  
LS135 
LS135 
CSI36 
C ! W l i l  
UA134 
81136 
MA I JbM 
64137 
uAl3frl 

BAL40 
L I l 3 9  
LA140  
C E  I 4 0  
CEISI 
C f I 4 2  
CE 145 
P H I 4 1  

PHI44 
PM 14414 
NU 142 
NO143 
NO144 
NO145 
NU146 
NU141 
NU148 
NO150 

PA148  
PMlSdrl 
SlCISl 
b H I S 8  
St4149 
3*150 
SW151 

S U I 5 4  
fU15l  
tlJlSZ 
Eb153 
Et8154 
EU155 
t J 1 5 6  
GUISL 

84138  

 PUIS^ 

~ n i 4 i  

sni>z 

L L NCE N 1 R A I I CN 

d .  159tIE-01 
1.524Sbt-17 
4.268CVt 0 1  
3 . 6 9 5 5 4  E-0 I 
4.914CZL 00 
1.53ZIbE-45 
3.832t8E U I  
1.131i3E 00 
I .  2 I I t I€-01 
6,609 11E-5L 
1.908i3E 00 
5 .840COE-06  
4.11080E 01 
4.405iOE-53 
4.50510E 01 
6 . 6 4 4  I + € - 4 4  
C.4545UE 01  
1.25lEOE-I6 
4.19318E 01 
3.6bZ26E-01 
4.15610E 01  
1.569C8E-40 
1.545?1i-05 
7.126 42E-OB 
2-II lSSE-01 

5.51439E 01 
Z.lZVl2t 01  
Z.ZBd85E 01 
I -291  1 L E - 5 0  
I .Z l l i 5E  UI 
4 . V 4 0 1 3 t  UU 
2.416C3C 00 
5 - 2 4  I f9E- I 1  

1.111t3E 00 
2.51131E 00 
4.521 I l f - 0 1  
1 .176C4E O l  
5 - 1 0  J?  I t -01 
3.85110E 00 
6.05153E-01 
1.S6459E-02 
I .65BC9€-03 
Z . L 6 1 € 8 €  O C  
J . 1 4 Y I Z E - 0 1  
B.154EZE-02 

4.318;bE-04 

5 . 1 5 j e 1 ~  OI 

5 -855 a€- 15 

i . O W C L E - ~ B  

I S U I O P t  

t i c154  
GJ155  
G O 1 5 6  
GU151 
b G 1 5 8  
6U16O 
l M 1 5 9  
f81bO 
OIL60 
O Y 1 6 1  
OVlb2 
i L Z 0 8  

PBZlZ 
8 l L I Z  
PO2 I 6  
R h Z Z O  
K I Z L I  
I H Z L 8  
u.? 32 
u2 3 4  
u235 
UL 36 

h P 2 J l  
PUZJb 
VU238 
Pb239  
PUL40 
P b Z 4  I 
P U L C Z  
AM241 
AN242 
A M Z C Z M  
AM243 

CM243 
CM244 
CMZ45 
CM246 
CMtSl 

8K249  
CCZS9 
CF250 
CF251 
CFL51 
C k 2 5 3  

- --- - -- 

Pnzce 

uz3a 

C M L 4 2  

cn248 

C U N C t N  1M A I I C h 

1-62445E-01 
8 - 6 1 6 4 5 t - 0 2  
5.18364E-0 I 
9.03851E-04 
I .  (19 1 9 ~ - 0  1 
5.21 J68E-03 
1.21421~-02 
I.cP46eE- I I 
1.06961E-05 
1.30395E-03 
9.IVO86E-04 
6.312 I Z C -  I 3 
1 . 5 4 5  IbE-0  1 
3-  123bCE- IC 
3.53155E-1 I 
1-49b31E- 1 5  
5-61 153C-13 
3.2kV5b€-OC 

4.153s9E-05 

2.82131E oc 
2 .81254E 00 
1.10435E O C  
1.93Y46E OC 
2.11594E-05 
7.C8519E O C  
1.58095E 0 1  
3.17580E 0 0  
1.30215E O C  
2.55 154E-0  I 
3 - 531 36E-0 I 
I - 8 4 3 5 4 E - O C  
1.54194t-04 
8-42214E-03 

1.563OCt-05 
5.810 IO€-04 
~ . O Z B I I E - O  1.12333E-05 I 

2 0422 1E-C 5 
5.65408E-I1  
5.06532E-I5 
2.8542ZE-I3 
4. L O P 3 S t -  I 4  

9.165316-It 

-I-----_--- 

6 . 3 3 ~ ~  ~ E - O  i 

I .05e35~-0 I 

I . t a d  I i e o t  

1.226 lee- I 4 

8 .139 IEE-65  

.. 
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TABLE 7.9 
ISOTOPIC CONTENT (Ci/anemblyl OF A MARK 169 
FUEL ASSEMBLY - 5 YEARS 

I SV?VP€ 

H 3  
C R  5 1  
C,O 60 
S E  79 

SR 89 
SR 90 

Y 90 
Y 91 

Z R  9 3  
LR 9 5  
NB 95 
NB 95M 
I C  09 
RU103 
RUlOb 
Rt4103M 
RHlO6 
P r J l O l  
4 C I  10 
C U I  15M 
I N 1 1 5  
lh115M 
S N l t l M  
SNIZ3 
SN126 

- - -__ -- 

R R  a 7  

CUNCFNlRbl ION 

3.35>55E 00 
I . I 3 5 2 5 E - I 1  

1-46 I Z I E - 0 2  
9 -66485E- 0 7  
5.dZ6OZE-Ob 

3 . Z A 4 4 3 E  0 3  
1.082 74E-04 
I -53632E-01 
I.lI19lE-U3 
2 . 4 1 0 4 b t - 0 3  

5 -08 1 O 6 t - 0  I 
I .  39 7 55L- 09 
2 . 2 2 2 3 4 t  02 

2.22234E 0 2  
6.1694 7E-04  
1.41505E. 00 
4 - 7 0  136E- I I 
3.R3912E-13 
4 .2+308E- I S  
2 .-37625€-03 
2.16945E-02 
1 - 3 4  l56E-03 

z . o n z i w  0 1  

3 . ~ 8 3 5 ~ ~  03 

I.+L~BIE-O~ 

3.  ~ V B Z E - O ~  

I SGTOPE 

SI! I 2 4  
SI3125 

S81ZbH 
I E I Z S H  
1 € 1 L l  
If! 127H 
I E 1 2 9  
l E 1 2 9 H  
I129 

LS134 
C S l 3 5  
CS136 
CS137 
3A136M 

LIa140 
L A I Q J  
C E I 4 I  
C E l 4 2  
CE144 
P R l 4 3  
P h l 4 4  
PR144H 
NU144 

----- -- 

s e i 2 6  

e c i 3 7 ~  

CLACENIHAI  ICN 

a. ~ Z ~ ~ I J E - C ~  

I . B B O F ~ E - C ~  
7.09119E C 1  

1.34356E-C3 
l.1311OE Cl 
8.42596E-03 
8.60230E-63 
I .92901E-L i  
3 . 0 3 ~ 2 8 ~ -  13 
t l .  12 it of-C4 

5.73574E-C3 
5.561CBE-40 
3.32494E 0 3  
1.181 46E-40 
3 .14539E C3 

4 . i a 9 3 ~ t  oz  

3 . 2  1 4 5 3 ~ -  3a 
3 . ~ 9 9 2 5 ~ - 3 a  
) . 5 e 3 0 5 ~ - 1 z  
1.00687E-C6 
l.lbB38E C3 
1.05511E-35 
I.l68*ZE c 3  
1.4UZClE C I  
5.34387E- I I 

L L N C E h l R A I  IC14 

I . 0 4 u o E - 4 5  
2 .291CZE 0 3  
(I -6  I b t  1 E - I 2  
1 - 2 4 5 3 b E - I 0  
1.678CLE-01 
7 . S P Z ? Z E - 1 3  
I.CBT56E-I3 
1.30013t 0 1  
2.965ilE-01 
d.5 IUS4E 01 
3.923C6E 0 1  
3.883tOE-33 
5.244 I 3 E - I 5  
1 . 2 3 6 i l E - 0 7  
I -85Ut6E-04 
5 .  17Ji3E-0+ 
5 .  I 7 3 CO E- 0 4  
5.11559E-G4 
5.175 6 0 t - 0 4  
> .175tOE-04 
5.19516E-04 
8.9252dE-U4 
6-bC945E-04 
6. l lU43E-06 
l.BIVi5E-04 

TOTAL ACTIVITY 1.91 04 Ci/nsy MEAT GENERATION. walts/mv 
Primary 423 01 
Gmma 1.74 01 

I SOICPE 

1r23a 

YUZ j a  

NP237 
PbZ3b 

PU239 
PUZ40 
P O 2 4  1 
PU242 
AH241 
A H 2 4 2  
AM242M 
AH243 
C M Z I L  
C H 2 4 3  

C H 2 4 5  
CM24b 
CH247 
CMZ4a 
BK249 
CF249 
CF250 
CF251 
CF252 
C F 2 5 3  

cnz44 

CGNLENIRAIICN 

3 - 1 1  151E-01 
l.36683E-03 
I .  15554E-02 
I.ZlZ6UE 02 

7.ZZ019E-CI 
1.31315E 02 
9.13711E-05 
1.21411E O C  
I 490 18E-03 
1 .49825E-03  
4.23925E-03 1.68082E-03 

8.066t4E-04 
4 . 7 4 8 4 5 f - O i  
1.933blE-OL 
1.544lbE-01 

1.91443E-I3 
8.45685E-12 

4.60066E-12 
1 1 94 ZOZE- 1 + 
4.92754E-I3 
2 . 4  1233E-44 

9 . a z 4 6 1 ~ - 0 1  

I . a 9 4 2 ~ ~ - 1 3  

1.16a49~-12 
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TABLE 7.10 
ISOTOPIC CONTENT (platmblyl OF A MARK 168 
FUEL ASSEMBLY - 15 YEARS 

I SUIUPE . ------_ 
H 3  

HE 3 
'4 51 

CR 51 
CC b O  
M I  (10 

CF. 13 
GF 74 
GF 76 
4 5  15 

s c  78 
S E  79 
S E  80 
S E ,  HZ 

KH 92 
RB.  d5 
R 0  a7 

G r  72 

SE , I 7  

0R ? I  

S A  ne 
SR nv 

V" ?9 
SR vo 

v 90 
v 91 

L R  90 
LR 91 
L R  92 
L R  9 3  
ZR 94 
1 R  9 5  
L R  96 
NR 95 
NB 95M 
YO 95 
no 9b 
no 9 7  
nu v9 
MClOO 
T C  99 
RUIOU 
R U l O l  
RUIW 

R U l O 4  
R U I  06 

R U I O ~  

C U N C E N l R A l I U N  

1.912 3 7E-04 
Z .95UOLE-04 
7 34 I Z Z E - 0 3  
3.47072E-b2 
4.V09bOE-03 
1-05 1blE-02 
2.33 l31E-04 
V e520 72E-Ok 
2.55 I l4E-03 
I .Al983E-02 
6.02024E-03 
J. 3958rF-02 
8.5b46OE-02 
1.113b5E-OI 
5 .  I I3blE-01 
I .03b4 7E 00 
8.661)b7t-OL 
3 . 4 4 I I O E - 4 l  
4 . 46>5) t  00 
1.10)55€ 01 
l.bO027E 01 
I . 4 1 9 1 9 ~ - 3 l  

2.1k4bbE 01 

1. bZ 39CE-2 8 

2.68OtOE 01 
2.1k062E 01 
3.190326 01 
l.OZZ29E 01 
8 -103 5bE-2 5 
3.01005.E 01 
l -OO561E-2k  
b.09ZOZE-28 
3.06633t 01 
l.711b5E-Ol 
2.9108OE 01 
2.93IPIE 01 

Z.9V8lbE 01 
3.16417E-01 
2.57133E 01 
2.23489E 01 
1 - 0 7  0 WE- 4 I 
I . O I 4 B Z E  01 
b.9bVk5E-05 

_ _  --- - -- 

i .ei3tzE 01 

+.iiez0+03 

a . 3 3 ~ 1 5 ~  00 

3 . 1 i e 5 i ~  01 

ISUIOPE 

h M 1 0 3  
HH103P 
RHlCb 
PClC4 
PO105 
PJl06 
POIC 7 
POIC8 
P C l l U  
WICQ 
l i l  IO 
CCIlO 
C C l I l  
CCI I 2  
CCII? 
LE114 
CCI 15n 
CCI I 6  
l h l l 5  
lhl I5I l  
S h l  l b  
S h l l l  
! h l l 8  
S h l  I 9  

S h l Z l M  
S h l Z Z  
Sh123 

smtzo 

sni24 
sm126 
sei21 
58123  
511121 
S @ l 2 S  
le126 
S812bM 
1E 122  
IEIZS 
ILL25 
lElZ5M 
IL11b 
1E127 
1 L l Z 1 M  
1LlI0 
lE129 
IEIZVM 

CGNCENIRbl ICh I StiiW€ 

Z.O4227~-c I 
2 - 1 0 3 F 5 E - 4 4  
t -5362 7E- I I  
5.0JC37E-CI 
' . I 8 8 8 0 €  c o  
3 . 0 5 0 4 3 €  00 
I . 1 9 8 3 4 E  co 
t .  I 4520E-Cl 
2 .  I 3602E-Cl 
2 = 835 30t- C 1 

5.591 7lE-CZ 
I. 51 t  58E- CI 
I. I49  I I t - C  I 
2.0686 I € -  C3 
Z-CSbI7E-CI 
4.IO27VE-40 

t.l6389E-C2 
1.55889E-46 
Z.eb928E-C2 
5. b l 6 e  7E-CZ 
I .C7912€-cI 
I. c 320 7E- c I 
I.U8ltlt-Ol 
4.377BPL-C5 
I .21555E-C I 

l.92459E-CI 
4.7Z8tZE-CI 
I . I 2 1  I 7 E - C l  
1.45843t-CI 
2.11325E- ? I  
5.339b7E-03 
2.2 49 IO€-c9 
l.7093bE-lI 
I -6386bE-C3 
1.225 31E-C3 
2.50822E-01 
1-5848lE-C5 
9.03233E-C3 
2.b0970E- I 9  
7.454606- I7  
2.b128bE 00 
1.11436E-53 
1.20592~-50 

I . 3 o o e ~ ~ - c e  

s.e+vwE-cz 

i.900ie~- IS 

Tt130 
I121  
I I L J  

X E l 3 I  
It132 
CSl33 
CSlJk 
CSIJ5 
C S l J 7  
9A 1 3 4  
tIA13b 
BAll7 
0AIJ7M 
dAIl(I 
LA139 
C i l 4 0  
CEl4l 
CE I 4 2  
C t l 4 4  

PRlC4 
PRlCIH 
NU142 
NU143 
NDl44 
NDI*5 
hOl4b 
N O 1 4 8  
hUl5V 
Pl l Ik l  
P M I C B  
PMlSBW 
S M l 4 7  

511149 
S H l 5 0  
SMl5I 
SMl52 
SM154 
E U I S I  
EU152 
E U l 5 3  
E U l 5 4  
Ed155 
GO152 
( i U l 5 4  

Pal41 

smile 

CChCENlRIIIUN 

I.OO4tlt 01 
l.035i3E 00 
4.b53C4t 00 
2 . 1 4 V f  I€ -C l  
I .524SbE-l 7 
4.2bI)CYE 01 
l.271:2t-uL 
4 . S l 4 t Z E  00  
3.04434L 01 
2.088CCt 00 
l.2lltIE-0i 
1-519IbE 01 
C-b3076€-06 
4.71080L 0 1  
* . 5 0 5 3 0 €  01 
4.45458E 01 
1.59 3 €Sf-  5 0  
4.19318E 01 
4.SrJ5ilE-05 
4.ISblCE 01 
Z.IO354E-09 
1.051 i 5 t - I I  
2 .  I I 1 t5E- 0 I 
5.45311E 01 
4 .55 lCOE 0 1  
2.12V12E 0 1  
2 . 2 8 8 t 5 E  01 
1.217iSE 01 
4 . Y 4 9 l 3 t  00 
1.7b240E-01 
I.Z5UlOE-43 
I -3PkC4E-4 I  
P.bl345E 0 0  
2.5IIJ7E 00 
4 .sz 7 l i t - 0  I 
l.lJ664t 01 
4.73b55E-01 
3 . 8 5 l l O E  00 
6-OSlS3E-01 
5 .b32t3€-02 
S .bib ?Zt-04 

1-~0517E-OI 
1.92Li9t-OL 
4 .318 ib€-04 
3.367 ieE-01 

--- 

2 . 2 6 1 e n ~  00 

ISOILPE 

G O 1 5 5  
COI 56 
G O 1 5 7  
GO150 
G O 1 6 0  
18159 
IBICO 
01160 
O V l 6 l  
UV162  
I L L C U  
P82C8 
P B Z l l  
B I L L 2  
PO2 I b  
RNZZO 
RAZ24 
lh228  

b232 
u 2 3 4  
bZ35 
U23b 
b236 

NPZJ 7 
PU23b 
PUZ 38 
PU239 
PW4U 
P U Z I l  
Pb242 
AM241 
AM242 
AM24LM 
AM243 
CRZIL 
CM243 
cllz44 
CMZ45 
CM246 
CMZ4 7 
CMZ48 
8 K 2 4 9  
C F Z 4 9  
C F Z 5 0  
C F 2 5 t  
C F Z 5 L  

-____ C~hCENIRIIICh 

I. CSCEBE-CI 
5-78364E-01 

1 .c 79 19t-0 I 
5-21 3b8E-03 
1 -27Ci 1t-02 
b- lt)bZ3€-2 1 
1.069bIE-04 
1.30355E-03 
i- IPC(CL--C4 
1 .42267L- I2  
I. 518CSE-OL 

1.959CIE-11 
3-14849€-15 
1.264 l 6 E - I 2  
1 - 32OStt-CS 
I-4ZZ82t-Ub 
5.59 7 l5E-05 
1 .U5833E-01  
2.82131E O C  
2.11254t oc 
1.10435t O C  
1.93946t 00 
I v 9 I 3 LIE-06 
b.54705t O C  
l .58049t 01  
3.11244f  OC 
8.12991E-01 
L.55152€-01  
8.3365SE-0 1 
I .76135€-09 
I . * 7 3 Z l t - O 4  
8 - 4  I 4 2  3t-03 
3-56 754t-0 1 
I - 22 5 5% E-05 
4.00312t-04 
1. IZZ41€-0S 
5.02C80C-01 
2.OIZZ7C-GF 
5.654CbE-ll 
I .  5 1 5 8 1 E - l €  
2 .84811€-I3  
Z.4778lt-l4 
l.2l538E-12 
b. b Z L 3  7E- I 7  

9 . 0 3 ~ 7 ~ - 0 4  

e . m i r t - i c  
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TABLE 7.11 
ISOTOPIC CONTENT (Ci/assembiyl OF A MARK 168 
FUEL ASSEMBLY - 16 YEARS 

1 sorupe 

n 3  
- - _ _  - _ _  
CO 60 
S E  19 
RB 8 7  
SR 8 9  
SR 90 

v 90 
V 91 

L R  9 3  
Z R  95 
NB 9 5  
N0 95M 
I C  99 
R U l O 3  
RUIOh 
R H I O 3 M  
RH106 
P O I 0 1  
4 G l I O  
C O l l 5 N  
I N 1 1 5  
l N l l 5 N  
S N I Z l N  

CONCEWTRAI l l i N  

I.W663k 00 
5.57124E 00 
1-48105E-02 
V. 664 85E- 0 7  
4.1 17 76E-27 
2.56578E 0 3  
2.56645E 0 3  
I - 0 6 d  73E-2 3 
1.5363 I t -01  

3.94 I 1kE-20 
2.32 L16E-22 
5.OBZflPE-Ol 
3 -42 PObE-3 1 
2.32R 66E-01 
6 -8bk  BbE- 37 
2 .  J 2 8 6 1 t - 0 1  
6 - 16Y46E-04 
6.13302E-U5 
1.04537E-35 
3.838lZE-13 
9.4*dOZt-40 
2.590 1 3 t - 0 3  

i . w a  LIE-20 

ISCICPE 

S h t Z 3  
Sh126  

SOL25 
S B l Z b  
S 1 1 2 6 M  
I E 1 2 5 H  
I E l Z l  
I t l Z l M  
l E 1 2 9  
IE129M 

1129 
CS134 
CS135 
C S I 3 1  
BA131M 
CEL41 
C f l 4 Z  
C t  1 4 4  
P P I 4 4  
PR 144w 
NC144 
PP 14 1 

-__--- 

se 124 

CChCEhlRAI ICN 

6 -5061 1E- I 1  
l.34355E-C3 
4.14566E-21 
5.59818E 00 
l .B8csrc -c+  
1.34355E-C3 
I . 3 t l l O E  C O  
t . B P Z C 6 E - I 3  
1.036 12E- 13 
i.322CCE-46 
3 - 6 5 1 2  l e 4 6  
B.lZ159E-C4 
1.65566E CI 
5 - 7 3 5  72E-C3 
2.64103E 03  
i .49842E C3 
5.679CIE-46 
1 .OObe 1E-C6 
1.59044E-CI 
I .59050E-C1 
I .9015bE-C 3 

1 . 6 > 4 ' i B E  CZ 
~.~CIZZE-II 

CChCEhlHAI lCN 

2 . 0 5 4 5 9 E - 3 8  
2.9196bE-37 
Z.ZOI?B€-O7 
1.59232t-13 
1.C(11:6E-13 
1 .2Ul iS t  01  
1.750EBE-01 
3.79VILE 01  

9.24413E-IS 
1.663tLE-23 

I I 6 5  S3E-03 
1.165S3E-03 
1.16555E-03 
1.16555E-03 
l .16555E-03 
1. lbb I5E-03 
1.201 IbE-03 
b.60F i7 t -04  
6.1 IU43E-06 
1.0192IE-04 
3 . l l l l 7 E - C 7  

- - -_ 

9 . 2 4 i e o ~  00 

C . I E ~ I ~ E - U ~  

IS(r1CPE 

NP237 
PU236 

PU239 
Pb240 
P b 2 4 1  
P U 2 4 2  
AH241 
4H242 
C M 2 4 Z M  
AM243 
CMZ42 
CN2k3 
CM244  
CH245 
CMZ46 
CMZk7 
CHZ48 
0K249 
CF249 
CtZCO 
LF25I 
CF252 

p w 3 a  

CCNCENlRAIICN 

1.366 E i  E-03 
1 -0 I634E-03 
I . IZU50E 02 
9. E2lB4E-01 
I - i 1315E-0 I 
8.19838t 0 1  
F.73759E-04 
2 . 8 6 0 t 4 E  OC 
1.42432E-03 
I ~ C 3 I k 6 f r 0 3  
1.61924E-03 

6.32 5C BE-0 4 
3.23836t-02 
1.93203E-Ot 
1.54220E-01 
1.89423E-A3 
1.9 I 4 4  Z€- 1 3 
2.6643 LE-I5 
1.16599E-12 

1-92  709E-14 
3.56UZ4E- I 4  

-_ - -_-_ - 

I. I B I  3 8 ~ 0 3  

2 .  roe 1 4 ~ -  ii 

TOTAL 4CTIVITV 1.07 Dd C i h q  MEAT GENERATION. w8tltlasv 
Primny 2.39 01 
Gmmr 9.36 00 ....... ..................................... ............................................ ........ ---.-.---.- ......... -.--. 



TABLE 7.12 
ISOTOPIC CONTENT (glsssembly) OF A MARK 22 
ASSEMBLY .- 5 YEARS 

c 

I 

P 
(n 

I 

I SOTOPC 

M I  
I I F  1 

V 5 1  
C R  51 
co 60 
N I  60 
bE I 2  
G E  I 3  
G €  14 
GE 16 
A S  15 
SE 7 1  

SF 19 
SE 80 
SE 82 
BR RI 

--- -- _- 

s E  i n  

KI) az 
ne 85 
R E  8 1  
$1 88 
SR 89 
SR 90 

90 
* v  91 
Z R  90 
ZR 9 1  
t u  9 2  
Z R  93 
Z R  95 
Z R  95 
LR 96 
NB 95 
NB 95M 
no 95 
MO 96 
HO 91 
WO 9 R  
no I O 0  
rc 99 
R U l O O  
nu101 
R U I O t  

RUIO4 
PU106 
R M I O 3  
RMIO3H 

v n9 

nu103 

CONCENIRAI I ON 

2 .938 I 5 t - 0 4  
I - 2 3 5 0 4 E - O I  
4.41962E-03 
I .  S 7 b V 9 t  - 2 3 
I -11 Z56E-02 
l .03RSLE-02 
2. I I 8  I IC-04 
8.874 C I€-01 
2 . 3 5 9 0 l E - 0 3  
1.6438 1E-02 
5 . 4 5 0 0 9 t - u 3  
3.06616C-02 
1.121blE-02 
1.88195E-01 
6.525 IBE-01  
9. I 39 bOE-0 I 
1.651 63E-01 
3 . 1 3 4 6 3 E - 4 1  
3.92UIPE 00 
9 . i 2 9 2 ~ ~  00 
i.+iia+E 01 
I .  V I  5 53E- IO 
L.06504E 01 
I .89017E 0 1  
5.32 1 4 Z E - 0 3  
3.80 153E- 09 
2.88564E 00 
2.3b32lE 01 
2 A L b 4 9 E  01 
5 . I 8 8 I O E  01  
2.664ZZE 01 
+.59453€-08 
2.65309E 01 
5.30850E-08 
l . Z I 5 9 l E - I  I 
2.10191€ 01 
I.6639bE-01 
2.96b43E 01 
L.5R589E 01 
2.80152E 01 
2.64213E 01 
3.19915E-01 
2.2b531E 01 
l .91641E 01 
5.338 I TE- I4 
8.95185E 00 
5. R0605E-02 

I -04949E- I b 
I . i + a + 3 ~ - 0 1  

I SGIGPC 

R H I O 4  
P O I 0 4  
PO105 
POIOb 
PO107 

P O I  IO 
AGIO9 
A G I  IO 
cc I 1 0  
cc:: ! 
c0112 
CD113 
CC114 
co115n 
C O I  16 

l h 1 1 5 M  
S A 1 1 6  
S h l l l  

S N I  I 9  
Sh120 
SNIZ I H  
S h l Z Z  

- ---- -- 

p o i c e  

i n 1 1 5  

s n i i e  

sn1z3 
sniz+ 
Sh125 
Sh I 2 6  
5812 I 
s e i 2 3  
s e u 4  
S B I 2 5  
58126 
S B I Z b M  
I E l 2 2  
I L I Z S  
I E 1 2 5  
I t 1 2 5 M  
I €  I26  
I€  127 
I t I Z 7 M  
I t 1 2 8  
&E129 
l E l Z 9 M  
T t130  
I I21 
I 1 2 9  

CLNCENTRAI ILN 

5 - 4 4 5  18E-C8 
l . 5 4 5 4 3 E  CO 
4.55923E 00 
2.58bOlE 00 
1.05413E C O  
5 . 3 e  I 3 I € -  c I 
I . ~ S ~ ~ T E - C I  
2.45935E-c I 
C . Y O 8 6 6 E - 0 4  
5.42639E-CZ 
!.IO140E-C1 
1.U3414E-CI 
2 .  I501 X - C 3  
I .853EOE-CI 
I -6 195 I E- I 5  

5 .3840l t -CZ 
6.15345E-22 

a . P C ~ ~ ~ E - C Z  

2.805 ICE-OZ 
e . 7 u i 3  IE-OZ 
5.774F3E-Ct 
9.36124E-CZ 
9.1996VE-02 
4.53?10E-C5 
1.100tlE-C1 
Z.J433lE-C6 
1.131lIE-(1 
6.56024E- 60 
*. Z I S C  7 f - C I  
1.U1075E-CI 

4 .95  IZOE- I 3  
6.0 7 l t  I€-CZ 
2.02 143E-C9 
1.53633E- I t  
2.658 8 I E- C 3 
l.Z~15ZE-C3 
I .6895bE-C1 

I . ~ I T ~ ~ L - C I  

~ . ~ Z Q ~ O E - C S  
~ . c I ~ ~ w E - c ~  

Z . ~ ~ ~ Z O E  co 
2.81264E-C9 
8 . 0 3 4 C P E - C I  

1 . 5 1 O I O E - 2 1  
8.62496Z-I8 
8.89542E CO 
9.27 JIVE-C I 
4 . 1 3 1 5 6 E  C O  

l J U l U P t  

1131 
X t 1 3 1  
X E 1 3 2  
cs133 
C S l 3 4  
C 5 1 3 5  
C S 1 3 b  
CS137 
bA134 
O A I J I  
UA I 3 b N  
U b 1 3 1  
d A I 3 l M  
U A l 3 8  
HA140 
C A I 3 9  
L n i 4 u  
L E I S O  
C t 1 4 1  
L E I 4 2  
LE I** 
P R I S I  
PWIk3 
P H I 4 4  
PRlSQn 
N U L 4 2  
NO113 
N O 1 4 4  
W l I 5  
N O l 4 b  
NO141 
NU148 
NO I50 
P M I I l  
P M l C U  

S M 1 4 1  
St4148 
S H I 4 9  
SMIYO 
sn15,l 
S M I 5 2  
St4154 
L U l 5 1  
EU15Z 
EU153 
t U 1 5 4  
tU155 

- --- -- - 

P n i w i  

4 .  3 I 9  S Z C - 6 ' .  

I . 2 9 5  22t- I I 
3.143?8€ 01  
3 .!D604VE-O 1 

7.13b 17E-45 
3.J1736E 01  
L.bfd58E OU 
1. I 1 7  IS€-01 
6 e 2 6 1  19E-52 
5.5Ctt36E GO 
5 . 1 4 6  ZUL-U6 
4 . 1 5 0 € 4 €  01 
J . 1 5 j : l E - 4 3  
3 . 5 1 2 t U E  01  
5 .661 ? O t - 4 4  
3.S2389E 0 1  
I .018C6E- I 6  
3.69384E U l  
3.20163E-01 
J.66849E 01 
I .338COE-40 
1.35361E-05 
u . la125E-Ce 

3.695SIE 01 
3.87Z?ZE 01 
2.39953E 01 
I.~JO?ZE 01 
1. lUO?dE-5U 
1.126t4E 01 
4 - 3 b 3  IZE 00 
2.09935E 00 
C.94459E-17 
5.5IJFSE- I5 
6.2b1S2E 00 
2.2U95CE 00 
4 - 2  1341E-0 I 
I.Ob648E 01 
4.98912E-01 
3 .2424LE 00 
5.329 IO€-01 
I.SZ3TBE-02 
I.CB257E-03 
2.0503LE 00 
1.911 E O € - 0 1  

i . a j i ~ ~ t - 0 7  

~ . O ~ S ? I I E  00 

I . ~ L ~ ~ O E - O I  

1 . 9 7 k e e ~ - o z  

ISUILPt 

t L l S C  
C U I 5 2  
G O 1 5 4  
G O 1 5 5  
GO156 
GO151 

G O 1 6 0  
Ill50 
IO160 
iiviuo 
OY 16 I 
01 1 bL 

PaLC@ 
PI9212 
8 l Z I Z  
P U Z I 6  
a h 2 2 0  
WAZLI 
r w 2 8  

d Z 3 2  
U 2 3 4  
JZ35 
U T 3 6  
U t 3 8  

NPZ Jb 
NP237 
PU23b 
P U Z 3 I  
PU23U 
PUZ39 
PtIZSO 
rut4  I 
P d Z C Z  
AM241 

AM242M 
bM243  

C M L 4 3  
c n z 4 4  
C M Z 4 5  
c M Z C 6  
c n z 4 1  
CM248 
BKZIP 
CF249 

- ---- -_ 

coi5a 

r u c e  

nnz4z 

c n z 5 z  

CGNC€NIRAIlCN 

5.V3 1 2 3 E - 3 t  
3.95 2 4  *E -c  4 
I . 5012CE-01  . 
8.49201E-c i  
5 .V l32bE-0  I 
8.1oo5lE-oc 

- - --- - --- - _ _  

9 . 4 5 4 e  I E - C Z  
4.625 5€E-03 
1. I2UC4E-02 
1 .0114OE-11  
7.JjJitE-Oi 
I .  159 1 )E-C 3 
7 . v 0 l C 9 t - 0 4  
3 . 1 2 5 1 1 t - I 3  
I.ZII3SE-OL 
I -84 358E- I C  
I .  74859E- I  I 
1 . 3 5 9 1 4 E - I t  
L . i i a L P E -  I .60tld I € - O S  1 3  

i . o 5 m ~ - 0 5  
3.13825E-0 1 

I .  7 1  15:€-02 
2.83326E O C  
1.12995E O C  
6 . 8 3 4 1 3 t - 0 1  
3.82991E-01 
1.45100E 00 
I .cI5c4€-os: 
1.10066E- I t 
5.61043E O C  
1.21884E 01 
2.3131ZE O C  
1 . 1 0 5 7 6 E  C C  
2.0020l~-0 I 
3 .OOV 7 2E-0 1 
I .  6 9 2 2  IE-C 5 
1.41542E-04 
I .C9VO3€-05 
I.IOZ14t-Ot 
I . 4 2 4 5 1 E - 0 5  
5.883C4E-OC 
1.3682 I € - 0  I 
~ . ~ ~ I I I E - O F  
Z . B ~ ~ ~ S E - I I  
1.35239E-13 
4.9991 LE-I 5 
2.145CFE- I 1 



I 

TABLE 7.13 
ISOTOPIC CONTENT (Cilermblv) OF A MARK 22 
ASSEMBLY - 5 YEARS 

I SOlOPE CONCENIRAI IGN 

I - 3  
CR 51 
CO 60 
S E  19 
R B  81 
S R  8 9  
SR 90 

V 90 
V 91 

ZR 93  
ZR 95 
NB 95 
NB 95M 
I C  99 
RU103 
R U I W  
RH103M 
R H I O 6  
P O I 0 1  
A G l l O  
COl15M 
I N 1 1 5  
I k l15M 
S N l Z l M  
SN123 

z . a + 0 2 2 ~  00 
6.80094E-18 
1.26249E U l  
I .)I 24BE-02 

5 -01 4 74E-06 
Z.RPJB2E 0 3  
2.179451E 0 3  
9.33 2 1 *E- 05 
2 .  I O 2  86E-01 
9 -650 l 3 E - 0 4  
2.000 B O € - 0 3  
l . Z Z 5 6 4 E - 0 5  
4 - 4  1929E-0 I 
I .  T I  049E-09 
1.939F5E 02 
3 -424 M E - 0 9  
1.93995E 02 
5.42103E-04 
l.31129E 00 
4.  I Z I I I E -  I I 
3.35 2 5 l E -  13 
3.12945E-I5 

l .9298 lE-02 

a . 5 2 0 9 0 ~ - 0 1  

z . ~ ~ z s ~ E - o ~  

ISCIOPE 

Sh 126 
S B I 2 4  
S B  125 
S E I 2 6  
SB126M 

I E I Z l  
1E127M 
1 E  I 2 9  
IE129M 

I 1 2 9  
c s 1 3 4  
C S l 3 5  
C S 1 3 6  
C S l 3 1  
8113611 

B A l 4 0  
LA140 
C E I 4 I  
C E I 4 2  
C t l 4 4  
PRIG3 

I E I Z S ~  

eri j i r  

~ ~ 1 4 %  
P H I I I ~  

CLLC€hIRAI  ICN 

I .ZC7%4E-C3 
8.66 126E-09 
t.36554E E l  
1.69056E-C4 
1.2015kE-C3 
1.55449E C l  
1 .42845E-  0 3  
7.58392E-C3 
I .66080E- 13 
2.61515E-13 
1.22256E-C4 
4.61436E CZ 
5.86203E-03 
5.2 73S9E-40 
2.92993E C3 
1.6a16eE-40 
2.17111E c 3  

-------- 

Z . T ~ B W E - ~ ~  
3.15204c-ia 
3.c7 I C  LE- 12 
e.86839E-Cl 
1.02333E C 3  
9 .O0632€- 36 
l .02331E C 3  
l.22RCZE E l  

L L K E N I R A I  ION 

4.584Cl t -  I I 
IJ -89UF6E-4 6 
1.94151E 0 3  

---- -------- 

E . u a z i E - i z  I. i la5  ic- io  
1.42639E-07 
6.92 l 6 9 E - I  3 
1.012 I Y E - I  3 

2.68541E-OI 
1.885?9€ 01 

3.26 I lbE-  33 
8.26). C4E-I5 
I .21610€-01 
9 -202 30E-C5 
2 -561 29E-04 
2.561 IBE-04 
2 -56246E-04  
2.5624LE-04 
2 - 5b2 46E-04 
2 . 5 1 2 1 1 ~ - 0 4  
4 .41225E-04  

b.IZ316E-06 

1 . ~ i i e 3 ~  01 

3 . e 3 6 e o ~  01 

4.ai5t8~-04 

I SOICPE 

U236 
U230 

NP236 
NP23 1 
PU236 
Pb231 

PU239 
P u t 4 0  
pui4i 
PUZ42 
AM24 I 
AM242 
A M Z I Z M  
AM243 
C M 2 4 2  
CMZ43 
CM244 
GI4245 
C M 2 4 6  
CM241 

PUZ 3 a 

c n ~ 4 a  
euz+v 
CF249 

TOTAL ACTlVlTV 1.69 04 Cibssy HEAT GENERATION. wa~ls/Mtv 
P r h r y  3.69 01 

.................... .. . . .................................................. srmm.? _ _ _ _ _  M?.. O !  ................. -- 

CLNCENIRAIICN 

I. I I ~ F ~ E - O ~  
2.297CtE-01 
5 .u* 5 IO€-CF 
I.OL259E-03 
5 . 1 I 4 I ~ E - O ?  
I. 328 1 OE- I 2  
9.60202E 01 
1.94 124E-0 I 
5.25932E-01 
I.1ISblE 02 
1.64045E-05 
I .0330lE oc 
I. 368V&03 
I . 3 1 5 3 i E - 0 3  
1.49659E-OS 
3 . 6 5 l l l E - 0 3  
l . J S 2 O l E - 0 4  

2.35512E-CE 
I. 79 I I I €-OF 
2.63290E-I5 
3.119 1 5 ~ - I 5  
9.34633E- I t  

4 . 1 5 a 4 3 ~ - 0 4  

I. 1 2 3 a z ~ - i t  
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TABLE 7.14 
ISOTOPIC CONTENT ($/assembly) OF A MARK 22 
ASSEMBLY - 15 YEARS 

I S O I U P E  - - __  - _- 
I 4  1 

HE 3 
V 5 1  

C R  51 
co bo 
N I  60 
GE 12 
G E  1 3  
tiE' I 4  
CE 16 
A S  15 
SE I 1  

>.5E 1 0  
S C  19 
S E  RO 
SE 82 
B R  P I  
KR 82 
Re- 85 
RH d l  
SR RR 
SR RV 
sa vo 

Y a9 
Y 90 
Y 91 

LR 90 
IR 91 
L R  92 
t u  9 3  
L R  94 
LR 95 
L R  96 
NO 95 
NU 9511 
MO 95 
MG 96 
no Vl 

M O I O O  
r c  99 
R U l O O  
R U l O l  
R U l O Z  
RU103 
R U l O I  

nc ve 

CONCENIRAI IUN 

I .6hQ46E-04 
2.5U J 13t -U4 
k . 4 4 9 6 L k - 0 3  
2.10366C-bZ 
2.975WE-03 
I .R534LE-02 
2.17RLlE-04 
8.8740lE-04 
2. ISPOLE-03 
I -64 3 E 7E- 02 
5.460U9E-03 
3-06116E-02 
1 - 1 2  167E-02 

4 -52 5 I BE-0 I 
9.~139 bUE701 
1 -65 I 6 3 E - 0 1  
3.13463E-41 
3 .%Ol9E 00 

1 . 4 l l 8 4 t  U I  
I .z 13 2 LE- 3 I 
1.59199E 01 

- --- - -- 

i ' .n8i w - 0 1  

V.IZPZ~E 00 

1 . e g o 7 r ~  01 
4.151) I ~ E - U ~  
6 - 5 1  I 55E-28 
1.357166 UU 
2.36327k 01 
2.4lb4PF 01 

Z . 6 6 l Z Z E  01 
1.51 325C-25 
2.65309E 01 
e.68ORIE-25 
5.25 88bE-ZU 
2.1OlVlL 01 
1. bb 39Rt -0  I 
2.56b43E 01 
2.5R989E 01 
2.80152E 01 
2.64ZUIE 0 1  
3.19v I S € - 0 1  
2.26531E 01 
1.97641t 01 
9. IbI84E-42 

1.1aeo5t' 01 

a.951d5E 00 

ISI I ICPE 

R l l C t  
RH103 
RI- IOJW 
A h 1 0 6  
POlC4 
POI05 
P U I C I  
P O I 0 1  

POI IO 
A G I O 9  
d b 1 1 0  
c c  I I O  
C C l l l  
C C l l Z  
CC113 
c c 1 1 4  
C O I  I 5 M  
C C I  16 

l h115M 
Sh116 
S h l l 7  
Sh118 

p o i c e  

i m i i 5  

S ~ I I P  
smiio 
smiz2 
m i 2 3  

S h l Z l M  

Shl24 
Sh126 
se121 
S 8 1 2 J  

SB12':  
58126 

s e i z s  

sa12tr  
r ~ 1 2 2  

r E  IZSM 

I E I Z ~  

r c i z o  
r E i m  

IC124 
lE.125 

I E l L b  

IE127M 

C C NC EN 1 R A  I ILh 

6.08385E-C5 

I - 80 12 3 t -  44 
5 . 1 ~ 5  IO€- I I 
1.54543E C 0  
4.55V23E 00 
2 .64401E C O  
1 .05413E C O  
5.38731E-01 

2 .45935t -C l  
1 .26065E-C8 

1-60 140t-C I 
I .c 3 4  14E- C I  
2.  I 5 0 7 3 t - C 3  

3 -601 C3E-40 

5.38401E-CZ 
I .  3 t 8 2 4 k 2 4 b  
2 .805 LCt-CZ 
t. lC731E-CZ 
S.11453E-CZ 
Y.36124E-CZ 
5. IP969E-CZ 
3.5 4590E- cs 
1 . IOObIE-C I  
7.02 1 5  2E- 15 
I. 7 37 VIE-CI 
4 .24Y 94E-01 

1.3 I 1PUE-CI 
2 . 6 5 4 5 9 € - ? 1  
4 .  19327E-C3 
2 -02 1 4 z t - 0 9  
I -536 32k- I I 

1.24152E-03 
2 . 2 5 6 t  )E-C 1 

H.UZZ19E-C3 
2.300 1%-  I 9  
b.511' i lE-I  7 
2.38520E c o  

--- --- 
I .  I C ~ ~ ~ E - C I  

I .a958 1 ~ - c  I 

S . C S ~ ~ B ~ - C Z  

1 . a 5 3 e o t - c i  

8. 9 4 8 5  JE- cz 

I .oica ~ - c i  

c .698e I E - O I  

t . a o e t 5 ~ - c 5  

9 . 5 v 3 e * ~ - 5 4  

I SOIOPt 

r t 1 2 9 M  
I t 1 3 0  

I L L 1  
I I Z V  

X t l 3 1  

cs133 
C S 1 3 4  
LS135 
C S I J I  
B A L 3 4  
LIA 136 
# A I 3 1  
U A l j l t i  
BA 138 
LA139 
CEI4O 
C E 1 4 1  
C t I 4 Z  
CE 144 
PR I4 I 
PR144 
PR144M 
NO142 
NU143 
NUL44 
h0145 
NU146 
hU140 
NO 155 
Pn14 1 

PMI40H 
S M l 4 l  
SMl48  
SMl4V 
SI4150 
S M l S l  
SM152 
SI4154 
E l l 1 5 1  
t U I S i  
t u 1 5 3  
t tJ154 
E l l l z 5  
b O I S 2  

------- 

1 1 ~ 1 3 2  

pni+a 

LChCENlRAIION 

I . O ~ B ~ I ~ - S C  
U.HV542t 00 
O.L IOiYt -01  
4 . 1 J l S 6 E  00 
I .a 3 1  t 9 E - 0  1 
I - L P S I Z t -  1 7  

1 .2 30€4C-02  

2.b8266E 01 
2.Chb lZ t  OU 
1.1 I1 14E-01 
I . 2 4 5 5 1 E  0 1  
4 . C B l  t I t - O b  
4 . I S U t 4 E  0 1  
3.512tOE 01 

I .  1CU55E-50 
3 .653€4t  01 
4 . 3 6 6 ? 3 E - C 5  
3.66849E 01  
I - d S L I U t - 0 9  
9.21 184E- I 2  
1.828 3 O E - 0  I 
3 . 6 9 5 5 l t  01 
3.POI..Vt 01 
2.399!3€ 0 1  
1.93052E 01 
l . ILbC4E 01 
4 . 3 6 3 I Z t  UU 
1 . 4 9 4 2 8 E - O I  
I . 1 7 9 i 4 t - 4 3  
I . j I 5 C 2 t - 4 l  

j.r+3:at c i  

5.oa+!at 00 

3 . ~ ~ 3 e 9 ~  0 1  

a . Z i i t 4 E  00 
L . z e F t 4 t  00 
4 - 2 1  347E-01 
1.ObbCUE 0 1  
4.63058t-01 
3 . 2 4 2 4 Z E  00 
5 . 3 2 9  l o t - U l  
5.509 5 7 t - 0 2  
8.695?3E-04 
2.05021t 00 
1 . 3 0 2 5 l t - 0 1  
I .e 79SLE-Ci 
3 .S5244E-04  

I SUICPE 

G O 1 5 4  
GO155 
GO156 
G O 1 5 1  

tic1 60 

10160 
O Y 1 6 0  
O l l b l  
OY I 6 2  

- -- ---- 

G O L S O  

r a i w  

r ~ z c a  
p w c n  
P U Z l 2  
O I Z L Z  
PO216 
RkZLC 
876224 

b232 
d 2 3 4  
u i 3 5  
UZJ6 
W 3 E  

NP236 
N P Z 3 l  
PU236 
PtJL 3 7 
PII238 
PIDL39 
P U 2 4 0  
PuZ41 

3W241 
AWL42 
AM242M 
A11243 
CM242 
CM243 
LM244  
c n 2 4 5  
CH246 
CM241 
LH24U 

C F 2 4 9  

in .u8  

P C Z 4 2  

BKZIF 

LCLCENIRAI ICN 

3.1225tE-C I 
1 . 4 5 8  7 I t -0  I 
5.01 j Z 6 E -  0 I 
8.1UOSlE-04 
9.454 f 1 t - c i  
4.62458E-03 
1 .1289 l t -O i  
6.67913k-21 
1.05 3 I It- C I  
1.159 I 1E- 0 3 
7.90 I c'i t - 0 4  
1 .C3 J L 4 t -  I ? 
1 .51329t -0  I 
4.1486SE-IC 
3 . 9 3 4 e e t - I l  
I . t 5 5 3 4 t - I S  
e. 2 4 9 3 5 ~ -  1: 
3 -61 UVSE-OS 
1 . 0 3 3 l l E - 0 1  
2. lbbS~E-C: 
1.1 I l 3 3 E - O i  
2 . d 3 3 L b E  UC 
1.ILPCSE CC 
b e  834 13E- 0 I 

1.Q5C99t CC 
9 . 4 5 1 4 0 E - U I  

5.18430t OC 
1.2784IE 01 
2 .31ObIE  OC 
b . 9 0 0 4 1 E - U  I 
2-00  I C a t - 0  I 
1 .(e3 3 % - G I  
L.blb83E-OS 
1 . 3 5 L 3 2 & 0 4  
1.49191t-05 
3 . 2 7 4 8 l t - 0  1 
I. 11 1c I € - 0 5  
4.01213E-0t 
I .  36 lG9E-01 

3 . a z v i ~ t - 0 7  

8. a i q  ISE- 4 I 

s . e ~ z 5 s t - c ~  
z . e j a 5 e ~ -  I I 
7.352LZC- 13 
1.514Y5E-t i  
2.14041E-17 
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TABLE 7.15 
ISOTOPIC CONTENT (Cilmmblv) OF A MARK 22 
ASSEMBLY - 15 VEARS 

P UJlUPE 

k 3  
CU 60 
5E I9 
R O  8 1  
S Q  R9 
S R  90 

v 90 
V 91 

Z R  93 
ZR 95 
NB 95 
Nt) 9 5 n  
1c 99 
R U I O 3  
RU106 
R H l 0 3 M  
nnio6 
P O I O I  
&GI IO 
C O I I 5 H  
I N 1 1 5  
I N 1 1 5 H  
SN121R 

- -- - - - - CONCfNrRAl lCN 

1.61982E 00 
9.31703E 00 
I .  31234E-02 
R -52090E-0 1 
3 -5V601E-2 I 
L.Zbl2ZE 0 3  
2.26181E 0 3  
I .6 lO77E-2J  
2 - I O Z 8 5 E - 0 1  
1.51815E-20 
3.4OZbbC-20 
2 - 0 O C  &E-22 
4 - 4 1 9  l 5 E - 0  I 
2.93569E-37 
2.03216E-01 
5.81 I l 5 E - 3 7  
2.03216€-01 
5.42 103E-04 
5 .VI 3 3SE-05 
9 .  I ?  525E-36 
3 .3525 l t -13  
8 -292 58E-CO 
2 - 3 3  5 OV E- 0 3  

I s c r c P E  - - -- - - - 
Sh123 
Sh126 
S B l i 4  
58125 
58126 
SB12bH 
l E 1 2 5 H  
I E l Z l  
1 E  1 2 1 n  
l t 1 2 9  
I L 1 2 9 M  
I129 

C S l 3 4  
CS135 
c s 1 3 1  
Bb13111 
C L l 4 l  
C t  I 4 2  
C t 1 4 4  
PRlC4 
PR144C 
h D 1 4 4  
P P I 4 7  

CLhCthlRAIICN 

5.7e 1 4 4 ~ -  I I 
1.201 5 4 f - 0 3  
4.1169Ft-21 
5.02531E CO 
1.69055E-04 
1.20154E-C3 
l.ZZ72OE CO 
6 -076 50E- I 3  
6.20368E- I 3  
1 . V 9 9 I ~ E - 4 6  
3.14 e 6 b t -  46 
I.L2255E-C4 
l .59516E 01 
5.8620ZE-C3 
L.32127E C 3  
2.2016OE C3 
4.8682 LE- 46 
P.e6839E-CI 
I .39300€-Cl  
I .  393C5E-CI  
1.b7163t-03 
4 . 6 2 2 0 4 t - 1 1  
1 . 3 e t z ~ ~  cz 

ISUIIJPE 

P H I 4 8  
PMl4UM 
S H 1 4  I 
M I 4 8  
SHI*V 
S R l 5 l  
CUI52 
C U I 5 4  
E U l 5 5  
GO152 
l B I 6 V  
1LZ08 
PBZ I2 
BIZlZ 
PUZIb 

RAZZ+ 

u232 
J235 
U 2 J 5  
4236 
UL38 

------- 

mzzo 
in228 

CChCENlRAIION 

l.SJE5lE-38 
Z.BlO17t-37 
1.870 I3E-07 
6 . F Z l t 9 t - I 3  
1.012 19E-13 
l . l8024E 01  
1.5 15c4t-01 
3.520C5E 01 
9.04359E 00 
8 . 4 6 l C Q t - I 5  
1 - f 4 Z t 6 E - 2 3  
2.c I O 5 J E - 0 4  

5. I 6 3  EO€-04 
5. I63S3E-04 
5.16353E-04 
5.16353E-04 
5.164LIJt-04 
5.545i9E-C4 
4 . 8 1 5 i 4 L - 0 4  
6.12316E-06 
I . I  lUF9E-04 
2 ,297C6L-C 1 

-- --------- 

5.163 e I E - O ~  

I SOICPE 

NPZJb 
N P L j l  
PUZJ6 
PV2 J I 
PUZ18 
PUZJ9 
PUL40 
PUZSI  
PU24L 
AH24 I 
AH242 
AM242M 
AM243 
C H 2 4 2  
C M Z 4 3  
CMZCI 
C8245 
C M L Q L  
C11241 
CWZ48 
t)K245 
C F 2 4 9  

--I-- 

TOTAL ACTIVITY 9.44 03 Cllnry MEAT GENERATION, wotlI/msv 
Primary 2.07 01 
Gmmr .__._ B.25 __._ Q!2 ..._............ 

CGNCENIRAIICN 

5.044I?OE-C5 
I .  022 ~ E E - 0 3  
5 - 0 2 4 1 1 t - 0 4  
I . 0 6 4 t + t - 3 t  
8 .81273t  0 1  
7.91495t-01 
5.25316t-01 
6.9619CE 01 
1.640 35E-0 4 

I - 30 1 4 5 t - 0 3  
1.31 40  IE-6 3 
I .  495 1 E€-0 5 
I .a814 QE-03 
5.16474E-04 
3.245 ICE-04 

1.18845E-OF 
2 .  b329CE- I5 
3. I I909E-15 
L.bZI48E- I C  
1-12 1 9 2 t -  I 6  

---------- 

Z . + ~ I I ~ E  oc 

2.353 ZOE-o e 



? 2 -3591 OB '5 
EZ-3CS940'1 
11-348426'1 
4 1-31 0099.f 
?l-300f 14-E 
31-319071.f 
ao-399625 -9 
10-369160*9 
10-38426O'Z 
?O-301 090'5 
; 0 -195 ZOO' 3 
31 -31 C4Bl"r 
?0-3099C F '1 
30-359ff1.2 
EO-3EZOZ1'4 
20-363584'5 
10-3E1196'1 
CO-3t ;l92'1 
21-305E t(u0 
ZO-~~DZIZ*I 
in 3519zn-i 
E 0-35?lCl'E 
10-381 007'1 
LI-3bS+ZC'I 
11-352554'1 
fI-3S56Sf'R 
S1-3Zcflf'r 
5 I -3G38'5'1 
12-354215'1 
1 1-351 Ih9.9 
31 -3CS93h'S 
F1-313212'6 
51-35858f'8 
f 0-31 1 hO1.1 

GO-38 3f 99.5 
21 -315171 '2 
i3-39169C-9 
EO-326810'5 
20-350593'5 
i0-363h05'2 
10-351i302' 1 
? 0-3 3 52 C 6' 2 
io-3f 61 11 '5 

' 50-3810S1'1 

?3-33; 551 ' ? 

N3l IVtllN33V'W 

~0-3n044t,*i 

3r-38 ~noo-+ 
--_---------- 

13-39296€'7 
03 310099'1 
81-38;313'3 
12-31 1513'C 
13-324599'9 
13 -3f 25 5 1 'E 
63-319901'1 
f3-3ZIi22'2 
5D-33146E'f 
20-31 1 SE 1 ' 9 
53-360510'5 
93-361E90'2 
21 -3094ff-5 
01-339931'4 
23-31106f'? 

73-388611'5 
20-3911SZ'b 
13-31 €661'1 
65-3+1950'1 
73-3ff 590.9 
93-31067*1 
23-312575'h 
53-395011'1 
73 -345 260'5 
23-364 1 10.5 
23-351 570'3 
23-34'rbE 0'3 

22-31 S0Z1'8 
23-315h32'5 
23-3999Sh.f 
SI-3lC6fl.7 
23-3250C2'5 
f3-35Of70'1 
23-X 8 Ihf '3 
23-370 I E0'i 

43-33SlZE'1 
I3-304f 13't 
13-31 SOZ9' 1 
13-3931 f 0'* 
13-351017'1 
03 35G681-I 
03 3t3813'1 
73-353014'2 

11-3f D71h"r 

$1 -351 reo- 9 

t 3-38 5 L +c -f 

z3-m 5~0. I 

n 1-36571 I -c 

1211 
CfI31 

W6213l 
62131 
ez131 

niz131 

~52131 

12131 
971 31 

S2131 
52131 
221 31 

92lilS 

521ns 
EZl0S 
17185 
921YS 
:21w 
521vq 
f71YS 
?.?INS 

021YS 
6llYS 
UlIYS 
11 IYS 
91 IYS 

nsi IYI 
511VI 
91 133 

nsiio3 
51 103 
E1137 
21103 
11133 

01 190 
60ll)V 
01 Ion 
(I31Od 
1OIOd 
931Qd 

5OlOd 

WfOIiH 

n9zies 

;zias 

nizivs 

01 13-1 

sniod 

WIHH 

~JDL~S I 
-_ -- - - - 

20-3ZCtY1'0 
20 -34 0 ZUF 'f 
no 3~c~6o-z 
31 -396b6h.Z 
OF 311f90'f 
no ~RZIOL-C 
f 0-397 1 10.6 
no ~S~C~S*C 
00 3552f8'C 
on 35743*-~ 
on 3~test-E 

on W,QLS~-E 

no 3izuzt*c 
nn -39s s sv I 

(0-321 119'1 

21 -30698f' 1 
0O-39f C I?' I 

00 3L0151'( 
00 398U,O'€ 
00 3lEB11'2 
00 311914'7 
l0-31501b'2 
01 -309(I9(r*U 
5O-ql1 f f9'6 
00 315900,'2 
on 3C9fYI'? 
11 -31C I1 9'F 
00 341104'1 
00 3Ell+0'l 
10r310 962'5 
29r316ObO'6 
20-3BEt 09'6 
10-315CZl'l 
20 -3906 59' 5 
70-961 € 14.2 

EO-3SSlOh'f 

EO-3191 17'7 
30-319fub'C 

50-3535C2'6 

C0-3hf 104') 
E2-31fS2O'C 
EO-36E COB' 1 

40-3fOChY'f 

70-31 s e oc- I 

9n-361 btt'6 

~n-3~ c9 0 I z 
to-3oeioz-9 

so-3isrics-I 

NllIlVMlN3WO3 

coin w 

+om 
winn 
zoinn 
loinn 
ooinn 

ooinw 
e6 on 
16 on 
96 ow 
46 on 

YSI BN 
46 (IN 
96 112 
4b HZ 
9h 82 
E6 YZ 

901Qd 

66 31 

26 nz 
16 nt 
06 ni 
Ib A 
06 A 
69 A 

69 dS 
06 ns 

00 ns 
LQ en 
48 on 
ze w 
IU na, 
28 3s 
OB 3s 
61 3s 
01 3s 
11 3s 
41 sv 
91 33 
91 33 
€1 33 
21 33 
09 IN 
09 03 
14 U3 
I5 A 
E 3n 
tn 

3d0105 1 

3 3 
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TABLE V.17 
ISOTOPIC CONTENT ICilassambly) OF A MARK 31A 
ASSEMBLY - 5 YEARS 

I S C I O P t  

H 3  
C R  5 1  
C O  hO 
5.E 19 

F R  R 9  
SR 90 

Y 90 
Y 91 

Z R  9 3  
Z R  95 
NB 95 
N0 95H 
I C  99 
RU103 
Rul06 
hM103M 
A M I 0 6  
P O I 0 7  
A G l l O  
C O I I S H  
I N 1  15 
I N l 1 5 M  
S N l Z l M  
SNI7.1 

- _ _  -- - - 

R B  a 7  

CONCENlRI \ I  ION 

3 - 5 6  I Z S E - 0  I 

5.10803E 0 0  
I . I 5 3 1 4 E - V 3  
9.12344E-08 
1 .0934OC-06  
3 .V6332E 02 
3.0641Zc OL 
1.91114E-05 

Z . Z l b 1 6 E - 0 4  
4 -11957E-04 
2-81 521E-06 
6.59665E-02 
9.00514E-IO 
I.13UZPt 02 
1.602 12E-09 
l . 1 3 0 2 9 E  02 
3.14323E-04 
2 -9f l332E-01 

2 -64 2 F5E- I 3 
4 sQ265OE- I 5  
6.92 105t-04 
I .03291€-02 

- - _ _  - - - --_ -- 
z .in+ i w - i n  

i.z)siaE-ot 

~.SPU~EE-II 

I S O I C P E  

Sh 126 
5 0 1 2 4  
so I25 
S B 1 2 6 M  
T t  I Z S M  
I E l Z l  
IElLIM 
I E l t Y  
1 F 1 2 9 M  

I 1 2 5  
c s 1 3 4  
C f 1 3 5  
C S 1 3 6  
c s 1 3 1  
eA136P 
3 A 1 3 l N  
d A l 4 O  
LA140 
C E  I 4  1 
CL I 4 2  
LE I 4 4  
P R l 4 3  

5 8  I 26 

P R I ~ ~  

1 SUIOPE 

PHISIM 
N O 1 4 4  
NO147 
P*141 
P M l 4 8  

SI4141 
SI4148 
S M l C V  
\ M I 5 1  
EU152 
EU154 
EU155 
Eu156 
b0152 
I E 160 
rLz0.9 
P d L l 2  

P U L I 6  
RNZZO 
R A Z Z 4  
I H Z Z U  
U t 3 2  

pni4en 

e l L i z  

L L h C t h  l R A 1  I C N  

I.16lilE 00 
5 .032 %E-I2 
4 I 1 2  4CE-46 
4.46846E 0 2  
I .0928OE- I2 
1 . 5 0 4 ~ l t - I l  
J . 0 3 6 a l t - v B  
2 - 2 1  7 E4E-14 
4.121 54E- 1 4  
6 . 5 S l i b E  00 
E. 7 I7  ZOE-02 
2.188FIE 00 
1.325€5t 01 
Z.LOQi5E-33 
3 - 1 4  IFOE-IC 
2.395€6E-CI 
2 - 4 6 9  ZdE- 10 
C . B l ~ 2 4 t - 1 0  
6 .  E I2 W E -  IO 
6 .B 10 COE- I O  
6 . B I O C O E - l O  
b .0 l r ) ( O E -  10 
6.851 1 9 t - I O  
3.34102t-IO 

--- I SUIGPt 

U234 
u235 
U236 
U23E 

NPZ3 1 
PU236 
PU23E 
PU239 
PUZCO 
P U Z I I  
PU242 
A M 2 1 1  
AM242  
AW242M 
A M 2 4 3  
CM242 
CW243 
CM244 
CW245 
C M 2 4 6  
CM24l 
CM24B 
flu249 
C F 2 4 9  

TOTAL ACC7IVITY 2.43 03 C i k s q  MEAT GENERATION. waltdaa%v 
Primnv 4.83 00 
Gmms 1.19 00 ................................................................................. .................... --.--..-..---.-.----..--.... 

C C h C t N l R A I l L h  

0.E95LFE-ZC 
2 . 5 Y 3 E O E - O I  
2 - 4 1  I 6 3 E - 0 1  
2.36 14OE-OS 
(1.54 I E C L - O €  
4 - 2 5 IO IE-0 S 
Z.15905E-03 
4 . 9 4 1 1 5 E - C i  
I. 0 4 2 5  I E - O i  
5.16586E-01 
E. 1 4 2 9 9 t - 0 1  
2 . 5 l 8 l 4 t - O l  
3.d69 1 I E - 0 4  
3.U89lIE-04 
l?.07BE5E-G1 
6.92'352&CI 
2 . 5 2 4 5 4 E - 0 5  

b. 4043tE-  I I 
1.01931E-12 
3.3948IE- lS 
0. I 70 I tE-ZC 
1.163FCE-20 
2.315 13E-2 1 

5.za145t -o t  



c e 

TABLE 7.18 
ISOTOPIC CONTENT (g/asmbly) OF A MARK 31A 
ASSEMBLY - 15 YEARS 

- I SOIOPE CONCEN I R A 1  I C N  

h 3  
t4E 3 

V 51 
CR 51 
CU 60 
M I  60 
G r  12 
G E  13 
C t  14 
GF 16 

SE.  17 
S E  18 
S E  19 
S E  80 
S F  8 2  

K R  82 
R B  85 

SR dB 
SH 89 
SR 9 0  

V 90 
v 91 

L R  90 
L R  91  
L R  92 
L R  9 3  - 
L R  q4 
L R  9 5  
L R  96 
N0 9 5  

M U  9 5  
I40 96 
NO 9 1  
HO 9 R  
nul00 
I C  9 9  
R U l l J O  
R U l O l  
R U l O Z  
R U I O 3  
R U I O 4  

n s  15 

en 81 

R a  n i  

v a9 

Na 9 5 ~  

2 . 0 9 3 2 l E - 0 5  
3-139336-05 

B.51 I 1 8 € - b 3  
I . 10 *ORE- 0 3 

Y.25505E-05 
2 .  IB633E-04 
4 -40 341  E-04 
2.2116lE-03 
Y.33919E-04 
3.90 155E-03 
I - 0 0 8 5 I E -  0 2  
2 - 5 1  3 53E-CZ 
5 - 0 4  4 0 4 t -  02 
1.1244l~-01 
9.68938E-02 

I . B O U J P E - O ~  

1 .  49 8 9 0 ~ -  03 

9.89 aviE-+z 
4 .  29  + a  i t -  o I 
I .OIII3E 00 
1.50715E 00 
2.77606E-32 
1.69160E 00 
2.0045LE 00 
4 -401 TOE-04 

1.64384E-01 
2 . 5 7 6 l l E  00 
2 .1 l831E 00 

3.15103E 00 
I .725 IVE- 2 5  

1.99396E-25 

3 . 3 5 3 0 9 t  00 
1.41 1 1 2 t - 0 3  

3 .445256 00 

3.59484E ou 
9 .011 266-633 
3.30128E 0 0  
3 . 0 6 3 I I E  00 

I - 3 9 2  ~OE-Z a 

j . o + a m  ou 

3 . 3 ~ e t i ~  00  

i . z 0 1 9 5 ~ - t e  

1 . 3 5 a 4 3 t  0 0  

3 . 8 3 2 5 5 ~  00 

+ . t a e o ~ ~ - 4 2  
t . o w w  00 

ISLIOPE 

AC I06  
Hh103 
RH103H 
Rk 106 
POI04 
PO105 
PO I06 
POICl  
P O ? C R  
P O I  I 0  
A G I O 9  
161 IO 
C C I I O  
C C l l l  
c o t  I 2  
C0113 
L C l l l  
CCl l5M 
C C I  16 
l h 1 1 5  
I h l l 5 t 4  

-- - -- -- 

sm I 16 
smi i i  
smiia 
smi 19 
Sh120 
ShIZIH 
sc122 

S I 2 4  
Sh126 

58123 

Sa125 
SEI26  
S8126M 
l L l 2 2  
It124 
l E l 2 5  
1El25H 
1E126  
l E l 2 1  
1Et21M 
It128 
1E129 

!mi23 

s e i 2 1  

se 124 

CcmcEhiHLi I C I V  

E . I B ~ ~ Z E - C Z  

- 
3 - 5 4 4  IOt-CS 

a - 4 3 0 4 6 E - 5 5  
2 . 3 2 4  3 Y t -  I I  
2.5 I B C C € - C Z  
1.41F61E CO 
I . 2 2 3 3 3 E  CO 
3 .z I C  I Z E -  C l  
5. R37CbE-CI 
1.62C51E-CI 
3 .  c 1 3 5 OE- c I 
Z.14262t-OV 
I .O42OIE-C2 
S.831CZE-C2 
6.391a3E-CZ 
1. CZ3C5E- c3  
5 .Z5O$ZE-CC 
4 .15681E-40 
3.95bt6E-CZ 
5.24441L-C2 
1 .80141E-46  
3.34158E-C3 
4,O3V45L-C2 
4.CZ414E-CZ 
5.01 I5PE-CZ 
4.09295E-C2 

4.5252 I t - C Z  
3.16163E-I5 
t .06533E-CZ 
1.19936E-01 
4 .25  IP IE-C2 
5 .  I2oooE-c2 
3 . 3 0 9 3 3 E - 3 2  
1-8E6F4E-C3 
5 I 10456E- 10 
4-33558E-12 
2 - 0 6 ?  1 9 E -  CS 
S - B l 4 0 9 t - C 5  
U . t I 8 5 l E - C Z  
2.6eC32E-C5 
Z.22595E- C 3 
S - C 3 5 1 3 € - 2 0  
2 - 5 8 C 5 9 E - I 1  
4 .6655ZE-Cl  
4 -906C4E- 54 

I - O I ~ V ~ E - C ~  

IsoroPE 

l t l 2 9 M  
T E  l 3 Q  

I 1 2 1  
1 I 2 9  

x t  I J I  
X t l 3 Z  
C S 1 3 3  
CSI3C 
CS135 
C S l 3 7  
BAI34  
B A L 3 6  
@ A I 3 1  
B A l 3 1 M  
81138 
LA139 
C t l 4 O  
C t I Z l  
CE 142 
C E  144  

P R l 4 4  
PR I 4 4 M  
N V l C Z  
h D I 4 3  
NO144 
1 3 1 4 5  
NO146 
NO148 
NO150 
P N l 4 l  

-----_- 

PniZi 

pt i i+e  
pmi+em 

SIIICB 
S N l 4 1  

SI4149 
SN150 
SN151 
SNl52 
511134 
EU151 
t J 1 5 2  
E U I 5 3  
t u 1 5 4  
t u 1 5 5  

CCNC E h 1R A I I LN 

5 - 3 0 9  I 5 t - 5 1  
I . 4 6 C f I t  0 0  
Z 396 i 6 t - 0  I 
I -846CVE-01 
I .  i 9 2 2 4 t - 0 1  

5 . 2 8 l . l t  00 

5.901 4LE-O! 
3.641€OE 00 
4 .54ISVE-02 
3.306 I 5 t - 0 2  

- - - - - - 

e .62+44~-1a 

z . e w E a t - 0 4  

1 - 5 s a i 3 ~  oo 
5 . 5 5 a 3 o t - 0 1  
5 .252ElE 00  
5 . I l I S S t  00 
5.01340E 00 
5; -900 36E-51 
4 .6681Zf  00 
6.ZbZllE-06 
4 .14043E 00  
2 -642 35E- IO 
1,321 I 5 t - l i  
Z .42 lC6E-03 
6.15452E 00 
4.29713E 00 
3 . l I 6 4 3 E  UO 
C . 5 3 1 t 6 E  00 

1.316tSE-01 
3.4264IE-02 
I .  58542E-64 
I 16151E-42 
I . 1 8 I 4 5 E  0 0  
7.53451E-02 
I .  718 IcE-OI 
1 . O l l t l E  00 
2 -402 36E-0 I 
5.149C4€-OI 

1 . 5 5 ; n m  00 

I. 3 az 5 IE-o I 
z . e ~ 2 3 6 ~ - 0 2  
t.a4ziit-u4 
2.6Zli?t+Ol 
4 .bo6 J3t -03  
6 - 5 9  5t4E-0  3 

I S U I C P t  

GO152 
GO154 
GO155 
GO1 56 
C U I 5 1  

GO160 
l(1159 
I l l b O  
ov I t o  
OVl6l 
0 V I 6 2  
I L Z C U  
P B Z C 6  
P(12 I 2 

P C Z  16 
R N Z Z O  
RAZZ4 
l h Z 2 8  

u232 
U L 3 4  
4 2 3 5  
UZ 36 
U 2 3 8  

NP23 I 
PUZ 3 6  
PUZ38 
P U Z J 9  
PU24C 
PUZ4l 
P4L4Z 
A M 2 4 1  
AM242 
AW242M 
AM243 
CM242 
C M 2 4 3  
C W Z 4 4  
CN2 4 5 
CWZ 4 6 
C M Z I l  
CM248 
8 N Z 4 9  
CF249 

--I-_- 

G O I ~ R  

e l z i t  

COFICLNIRAI lCh 

1.1501EE-05 
I.LUYG8t-UZ 
5 .03856E-Oi  
I . 2 0 4 5 5 t - C  I 
2.5UVC9E-03 
4.46CBIE-02 
4 * 07 8 9 2E-0 3 

1. f15ZZE-L? 
5 -6b3C 8E-0 5 
1.955OOE-03 
I. I O 9 l I E - 0 3  
5-46 I 95E- I5 
I - 6 L 6 O l E - I i  
3 . i Z l 9 3 L - l t  
3.C558SE-I  I 
l-ZBS54t-LL 
4.65329E- IS 

5 - 4 b l 5  3 t - 1 3  
2.cu4t4t-11 
l . 4 2 4 4 1 E - I 1  
I * ZOO 18E-0 1 
3.  I 3 1  t kE-03 
1.02615E 01 
I .  2 I zc 4E-02 
I . 0 4 5 t 4 E - 1 3  
1.18066E-04 
1.95944E-01 

3.19525E-03 
2.13612E-OI 
7 I 4 IO 16E-02 
4 .51  z I I E- I C  

---------I 

a. 36s 1 6 t - 0 3  

z . B I O ~ ~ E -  15 

+ . ~ B O Z ~ E - O Z  

3. e a  I ~ E - O  s 
~ . O ~ ~ Z L E - O C  

3 .e3560t -0  J 
5.2606 3E-0 t 

4 .  * 5 3  I LE-0 c 
3 .  I l l  9 I E -  IC 
3.50666E-IZ 
3 -6600 LE- I 5 
I .vz 5 a  it- I I 
3 .JZ e s v t - z  1 
5 . 1 9  1a6E-2 2 

._ 
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TABLE 7.19 
ISOTOPIC CONTENT (Ci/anemMv) OF A MARK 31A 
ASSEMBLY - 15 YEARS 

I SOIUPE 

H 3  
CO 60 
S E  IQ 

- _- - - -- 

R R  ni 
SR a9 
S A  90 
I 90 
I 91 

L R  9 3  
L H  v5 
NB 9 5  
NR V5M 
I C  VQ 
R U I O 3  
RU106 
RHIO3H 
R H I O 6  
P O I 0 1  
&GI 10 
C O I  1 5 M  
I h I I 5  
I h l l 5 M  
S N I Z l M  

CONCENIRAIIUN 

2.02350E-01 
1.36634E 00 
1.15295E-os 
~ . I z J ~ + E - o ~  
1.a40t3t-21 

- - -- - - ------- 

2.393blE 02 
2.39430E 0 2  
3.41355E-24 
1.23511E-02 

1 -8  I 5 8 6 E  - 2 I 
4.603106-23 
6 . 0 9 4 4 6 E - O L  
I .s 1402E- 37  
1.184 31E-01 
2.150 13E-31 

3 .15  32ZE-04 
I .29301E-05 
I. 2 I 2  o x - 3 9  
2. 64295E- 13 
I .09543E-39 
6.029 18E-04 

3.6t49at-21 

I . la*  ~ ~ E - O I  

CCLCELIRAI I L N  

3 .c9 18%- I 1  
3 .+0113t-04 
5.193lZC-28 

4.1108 LE- c 5 
3 - 5 0 1  13E-Ck 

2 . 3 8 t 5 L f - I 3  
2 -5363 T E -  I S  
I . O t Z J Z E - + L  
I .6lO IS€-56 
I .36949E-C4 
3.15692E-Cl 
0 .BlCF3C-C5 
3 . l t 4 5 6 E  C2 
2.09361E C2 
I .  6 8 C B l E - 4 6  
l . l 2 c 9 o E - c l  
I .qs 18ZC-CZ 
I * FPlBPE- c 2  
2 .39143E-Cl  

-_----- -- 

i . q i e t B t  co 

~ . ~ ~ I o ~ E - c I  

5 . c a i + i E - 1 2  

.............................................................. 
TOTAL ACTIVITY 1.14 03 Cilwsv 

..... 

..... 

CLNCENIRAI IW 

3.I8O'.lC GI 
2.606ZZE-39 
3.1185 IC-38 

Z . Z l l t 4 t - 1 4  
4 . 1 2 1  . . + e 1 4  
b . l Z 3 1 3 t  00 
5 . 1 4  1 SEE-02 
I .254C8E 00 
3.l2455E 00 
3 .14  ISOE- I 6  
1.485i6C-23 
I - 6 0 8 L Z t -  I O  
5 .41626t-IO 
4 - 5 1 6 2 6 t -  LO 
4 . 4 1 6 2 6 € - I O  
4.41626E- IO 
4 .416 Z 6 E - I O  
4 - 4  I 6  2 8 t -  IO 
4.47953E-10 
8 -895 44E-20 
2.5938OE-07 

-- ---- 

4.05413t-oe 

............................................................. 
HEAT GENERATION. w a t t h w  

Prhnory 1.98 00 
Gmma 1.10 W ................................... 

I S O I b P E  

U236 
U Z 3 8  

h P 2 3 1  
P W j 6  

PU239 
PUZ*O 
P U Z 4 I  
PU242 
A M Z I I  
AM242 

AM243 
CN242 
CM243 
LH245 
CMZCS 
CM246 
CN241 
CM248 
BKZ59 
CF249 

p w 3 a  

~ ~ 2 4 2 1 4  

COhCENlRAIlCh 

2.51 t t  3E-01 
2.361 4OC-05 

3. 1 5 L 9 I e l C  
2.020E5E-03 
4.94632E-02 
1.04 ISOC-02 
3.22 3 12E-0 I 
8.15551E-01  
2.5435 1E-0 1 
3.6912bE-04 

8. 0 1  l 2 6 t - 0  3 
3.0666 3E-0 4 
1.9 1 9 5 0 ~ - 0 5  
3.601E C E - O t  
6.399 I Z E - 1  I 
1.01113t -12  
3.3948lE- 15 
8.llOOOE-20 
5.55129C-24 
2.31 1 l3E-2 I 

------- 

a. 54  I i x - o t  

3. IISBCE-OI 
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TABLE 7.20 
ISOTOPIC CONTENT (ghsembly) OF A MARK 318 
ASSEMBLY - 5 YEARS 

1 SUIflPE 

H 3  

v SI  
C R  5 1  
CO 60 
N I  60 
GE 72 
GE 13 
(if 74 
GE 76 
A S  I5 
SE 77 
SE 1R 
SE 1.) . SE 80 
S E  8 2  
6 R  81 
KR 82 
h R  05 
RR d l  

- __  -- - - 
nE 3 

S R  9n 
SR e9 
SR 90 

v 89 
v 90 
Y 91 

Z A  90 
Z R  91 
ZR 92 
t R  9 3  
ZR 94 
L A  95 
L R  96 
N 6  9 5  

no 95 
WO 96 
no 9 7  
no 9 8  
NO100 
T C  9 9  
RUlOO 
R U l O l  
R W l O Z  
R U I O 3  
RUlO4 
RUlO6 

NB 9514 

R H I O )  

CUNCENIRAI ION 

3.0'4 1256-05 
I .  3 0  I w t - 0 5  
6.10531E-04 
1-02 >9ZE- 2 3 
1.52 6 ))E-03 
1.424 74t-U3 
5 .539 13E-05 
1 . 3 7 f l 3 E - 0 4  
l .dRdb3E-04 
I -55584E-03 
6 e 3 1  58ZE-04 
2-7V837E-03 
1 - 3 1  2 9 b t - 0 3  
I .A35J4t -02  
4 . l96R4E-02 
8.284 I S € - 0 2  
1.1644OE-02 
'4.2 7 ROUC-42 
3.21904F-01 
7.B3076E-01 
1.13258E 00 
3.11 *el€-I  I 
I . 6 3 3 3 4 F  00 
l.50845E 00 
4.25010t -04  
b.4303RE- 10 
2 . 1 8 7 6 6 t - 0 1  
I .933VVt 00  
2.03504E UO 
2.27691E 00 
2.36145E 0 0  
8 -27053E-09 
2.47302E 00 
V - 5 5 5  76E-09 
5 78 0 9  LE- I 2  
2.493256; 00 
0.66615E-OI 
2.48665E 00  
2.54735€ 00 
2.R3396E 00  
2.65299E 00 
6.75'#7VE-03 
2.41715E 00 
2.22317E V O  
I .95203E- I 4  
l .49244E 00 
2.39 I WE-02 
6 . 3 9 3  53E- 0 2  

- - --- - -- ISUIOPE 

H H l O 3 C  
R h  I Ob 
P O I 0 4  
PO105 
P O I 0 6  
POlC7 

P D I  IC 
AGIO? 
AGl IO 
i C i  10 
C C l l l  
C U I  12 
C C I l 3  
C C 1 1 4  
COI15M 
COI 16 
Ihll5 
I h l 1 5 A  
Shl 16 
S h l l l  
S h l  I n  
S h l  IS 
S h l Z O  
Sh lZ ln  

Sh123 
S h l Z 4  
Sh125 
Sh126 
S6121 
S B I 2 3  
S6 124 

_- - -- _- 

P c i c e  

smizz 

se i25  
sei26 
SUl26M 
I €  122 
l E I Z 4  
1E125 
l L I 2 5 M  
1 E l 2 6  
I E I L I  
I E l Z l M  
f E 1 2 R  
I t 1 2 9  
lC129M 
IEI3O 

I 1 2 7  

COhCENIHI l  ICN 

j . 8 3 1 1  LE- I7 

1 . 4 0 4 4 V E - C Z  
I . O I I Z 5 E  C C  
6.6  59 5 ZE- C I 

3.4C64RE-C I 
1 . 1 0 8 6 2 t - E l  
2.l5bVOE-Cl 

5 . 9 2 3 8 4 E - i 3  
6 . 4 V l I l E - C 2  

3.82 I LVE-C3 
5.ROCC8E-CZ 
1.396 1PE- 15 
2.4272lE-CZ 
2 .55  12 LE-CZ 
5 .3049lE-22 
1 .6915lE-03 
2.472S3E-CZ 
2.48050E- C i  
2.46S85E-CZ 
2 . 5 2  302E-CZ 
8.45357E-Ob 
2.79453E-CZ 
8.05CSVE-C7 
3.81732E-C2 
8.85006E-CO 

2.63023E-CZ 
3. I8014E-C2 
3.56239E- I 4  
1.54922F-CZ 
3 .no1 79E- 10 
L . I 8 9 4 4 E - I 2  
l.C405PE-C4 
5.  56248E-C5 

2.200 59E- c4  
1.56421E-C3 ' 
1.84VlVE- 10 
2-24205E-C7 

3.1925OE-P I 
3.4548lE- I R  
I.OS7C8E 00 
1.6 5043E-C I 

z.z4zaoE-ce 

5. i 1 8s LE-OI 

3 . 6 5 2 e ~ ~ - c 5  

~ . O Z T ~ B E - C ~  

T . V ~ J O B E - C Z  

3.  V ~ B ~ Y E - O Z  

3. L e w  5 e c i  

isurupE 
- ---- - - 

1129 
I 1 3 1  

XL131 
X E  132 
L S 1 3 3  
L S 1 3 4  
C S l J 5  
C51Jo 

t I A I J 4  
86136 
8 A l j b r l  
U A l J l  
6 A I 3 I H  
I A 1 3 8  
UA140 
LA139 
LA140 
LEISO 
C t  14 I 
C t  lS2  
CL144 
P N l 4 1  
P R I 4 3  
P R l 4 4  
PM144H 
NU142 
h J 1 4 3  
NU144 
N J I 4 5  
NU146 
NO147 
NULIB 
NO150 

PI4148 
Pn148M 
S H I 4 1  
SH148 
S H I S V  
srl I 5 0  
sn151 
sn152 
S H 1 5 4  
CUI5 I 
EU152 
E U I S J  
E U l 5 4  

C ~ l J l  

P M ~ C  r 

CChCEhll(A1 I LN 

5 . 6 0 2 C B E - 0 1  
2 . 5 5 6 4 4 E - 6 9  
1.084CbE-07 

3.9Uai8E 00 
5.01254E-03 
3.19443E-0 I 
5 .  ITSIOE-45 
3.3YYClE UO 
2.222'OE-CZ 
2 . 3 6 e  i 2 t - u i  
5.C68CZE-52 
4.185 5bE-0 1 
5 .179 I?€-0 1 
3.9CI47E 00 
1 .653t8E-43 
J.19213E 00 
2 -4V4 l b t - 4 4  
3 . 1 2 1 1 6 t  00 
3.039 IO€- 17 
J.473ZVE OU 
3.472 i5E-02 
3 . 5 1 8 I 6 E  OU 
5.4V750E-41 
I .465 I3E-Ub 
7.325:2t-09 
I .5 1 3  i v t - 0 3  

3.16922E UU 
2.330E5E 00 
I .Eb7StE 00 
5.276 Z3E-5 1 
I.140SVE 00 
5.303 IrE-01 
3.628 18E-01 
3.655tbE- 18 
4 .C16&1E- l6  
5 .598 lOE-01  
5.162 78E-02 
I . 3 C V 5 1 t - 0 1  
1.14523E-01 
1.758:St-01 
4.213ltJE-01 
9.lVe56E-02 
6.724 16E-C3 
3 .113lSE-04 I. (I JR30E-01 

6.837'5E-03 

-------- ---- 

e.  1 s 3 t v ~ -  i e 

4.ecrcYE 00 

I S D l C P t  

EU155  
E u l S 6  
GUISZ 
GO154 
GO155 
C U l  5 6  
C U I 5 1  
GV158 
GC I 6 0  
It1159 
1 i i lbO 
U Y l b O  
O V l b l  
OV 1 62 

Pd208 
PBZIZ 
81212 
P b L l 6  
ANZZC 
RA224 
I t i t26  
u23z 
UZ 3 4  
u23s 
U236 
V i 3 8  

N Y 2 3 1  
PU236 
P L Z l 8  
PUZ 39 
PU240 
P b Z Q I  
PlJ242 
AM241 
AM242 
AM24ZM 
AH243 
CM242 
CM24 3 
CM244  
c w 4 5  
CM246 
C h 2 4 l  
CM248 
OK249 
CF249 

- -- - --_ 

i c z c e  

CUNCENIRAlICh 

i . e b + t i ~ - c i  
3.32066E-3e 
1.05561E-05 
3. 4 2 2 8  IE-C3 
I . V ~ I P ~ E - O ~  
8. 5d4 ieE-02 
I . 84508E-03  
3 . 0 9 4 7 9 t - 0 2  
2.80003E-C? 
5.18015E-03 
i . i i Z 2 5 t - 1 2  
5 .351StE-05 
1.33534E-03 
7.4315 )E-04 
S.82037E-I  5 
1.0788OE-OE 
5 . l V 2 l ~ E - L Z  
5.494 36E- I 3  
2.3 10 5OE-11 

5 . 0 5  I JOE- I I 
5.78951t -05  
1 . 8 2 I Z V t - 0 1  
9.1050X- I C 
1.Y4615E-02 
2.1535FE-O? 
4.1711ZE 01  
1.4bbCIE-03 

b - 6 8 2  8 1 E-05 

3.41355E-02 
3.238S4E-03 
1.49294E-04 
4 . 5 6 4 3 7 E - 0 i  
L -42053E- IO 
2 -0245  4 E - O f  
2.2928 3 e O t  
I . 0 8 5 l t E - O  1 
2.2029OE-0 1 
3.0594OE-08 
I .  369  12E- I C 
1 . 4 1 I B I E -  12 
I .  14004E- I5  
5.02299E- I I 
2.83531E-24 
1.55691E-22 

e. IZZE IE-I: 

9 . 3 e 4 z x - o ~  

5.sevoiE-01 
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TABLE 7.21 
ISOTOPIC CONTENT (Ci/assembly) OF A MARK 318 
ASSEMBLY - 5 YEARS 

I SOIOPE 

H 3  

CO 60 
SE 19 
R B  F l  
SR 8 9  
SA 90 

V 90 
v 91 

LR 9 3  
L R  9 5  
NO 9 5  
NO 95M 
I C  99 
AU103 
R U l O b  
R H l O 3 M  
R H I O 6  
PO101  
AC110 
C O I  I S M  
I N 1 1 5  
lhl15M 
S N I Z I M  
SNl23 

- -- _- - - 
en 5 1  

C O N C E N l R A l l O N  

2 - 99 40  I E- 0 I 
9.44 138E-19 
1.13202E 00 
I - 2 1 9 9 9 t - 0 3  
6 - f l 5 8 1 6 E - O B  
8 - 1 9  1 3 O E - V l  
2.31123E V t  
Z.31183E 02 
1 .5161  1E-05 
9 - 2 2 8 8 9 E - 0 3  
1 ~ 1 3 1 2 1 € - 0 4  
3 - 1 6  5 6 2 E - 0 4  
Z.ZOb25E-06 
4 .50109E-02  
6.254 1 9 E -  10 
1 .99039E V I  
I. 2 5 2 I 9 E -  09 
7.99039E 01 
2.635 18E-04 
I. 722 13E-01 
3.55 14VE- I 1 
1-61 123E-I 3 
3 - 2 1 5 1 8 E - I 5  
5 .002  94€- V 4 
b .63031E-03  

---- - I SOIUPE 

Sh126 
56124 
Si3125 
S E I 2 6  
S E I Z b H  
I €  125H 
I E I Z l  
I E I Z l H  
f E l 2 9  
l E 1 2 9 H  

I l Z Y  
C S 1 3 4  
C S 1 3 5  
CS136  
C S 1 3 1  
BA136M 
EA13711 
B A l Z O  
LA140  
C E I Z I  
C E I 4 2  
C E I 4 4  
PP 143 
P A I S 4  

----I- 

C b h C E N I R A I  I C N  

2 - 2 1  ICBE-CC 
b -2  3 6 IZE- 10 
I.6LCZIE 01 
3 I I 1 5  5 LE- c 5  
2 - 2  1 ICOE-04 
3 .56639E CV 
2.0 l JC4E-  03 
2.11643E-03 
6 .65249E-  1 4 
1.041 16E-13 
9.7 181 LE-05 
6 .49620E CO 
3.68301E-C4 
4-26853E-40 
2.94812E CZ 
1.36553E-40 
2.18949E 02 
I . 2 0 6 t  8E - IO 
1.39868E-38 
e .  65136E-  13 

I . IOI15E CZ 
3 - 699EVE-36  
l . I V 1 1 9 E  02 

---- -- ---- --- 

I J . ~ ~ ~ ~ ~ E - c B  

I h J l U P t  C L L C E N I R A I  ION 

P R I 4 C H  
NO144 
NO147 
P M l Q f  
P I Y l 4 U  
PHICBM 
SM147 
SMl4U 
S H l 4 9  
S t i l i 1  
EU152 
E U l 5 4  
EU155  
E U l 5 6  
GO152 
lJ160 
I L Z O B  
P d 2 l Z  

P U Z l b  
RNZLU 
R A Z Z 4  

U 2 J 2  

elLiz 

r twe 

1 . 3 2 9 3 3 E  0 0  
3 .15153E-12  
4 . L b b S l E - 4 b  
3 . 3 6 6 4 2 E  0 2  
6 -005 ?bE- I 3  
8 - 7 1 3 9 O E - l i  
2 .21540E-08  
1.25 I) 4 9  E- I 4 
3.146 19E-14 
4.48221E 00 
6.83454E-02 
I . B I 1 B V E  00 
B . t l l 5 l E  00 
1 .82949E-33 
2 -259 E 9 E -  I 6  
1.368F8f-08 
2 .891 tPE-06  
C .C41 e6E-06 
E .C48 I LE-06 
8 .C4523€-06 
C . 0 4 5 i 3 E - 0 6  
9 .04523E-06  
8 -023 55E-06 
? .SIj?CE-Ob 

TOTAL ACTIVITY 1.80 03 Ci/aay HEAT GENERATION. walelessv 
Prlmny 3.58 00 
G m n a  1.27 00 

--.-.---.--- ..... .................................................................................................................. 

I SOIOPE 

u2 3 4  
U Z J 5  
UZ 36 
U238 

N P 2 3 1  
PU236 
PU238 
PU235  
P u t  40 
PU24 I 
PU242 
hH241 
AH242 
4M242M 
AM243 
CNZ42  
CM243 
C M Z Z I  
CH245 
CM246 
CH24  1 
CM249  
8 K 2 4 9  
C F Z 4 9  

C O N C L h l R A I I C N  

6-0608ZE-ZC 
1 .11142E-01  

1.6035OE-05 
5 - 26 I V Z E - 0 6  
4 .5  8 5  2 5E-0 5 
1 .14314E-03  
3 -  C l 3 2 S E - 0 2  
1.161 34E-03 
3 . 2 6 1 3 9 E - 0 1  
5 - 69 16 3E- 0 1 
1 - 5 6 6 6 0 E - 0 1  
1.95131E-04 
1. Vb I I BE-0 4 
5.515E3E-01 
3 .59335E-04  
1 - 1 3  CEPE-0'. 
2.4 145bE-06 
2.35668E- I I 
4.34585E- I 3  
1 . 0 5 1 4 3 E - I t  
2 .13094E-ZC 
4 .733  12E- 2 I 
b .37385E-22  

I .  1 8  I 12E-0 i 



c c 

TABLE 7.22 
ISOTOPIC CONTENT (p/aamblv) OF A MARK 318 
ASSEMBLY - 15 YEARS 

c 

I 

-.J 

N 
ul 

I 

1 SCIOPE CONCEN I R A r  I UN I S C  1LPE C C N C t h l R A I  I C N  

H 3  
HE 3 

V 5 1  
CR 5 1  
co 60 
N I  60 
ti€ 72 
GE 1 3  
G E  74  
GF 16 
AS 15 
S E  11 

S E  19 
S E  80 
S t  82 
BR 81 

R B  1)5 
R e  8 7  
SR 8fl 
SI( 89  
SR 90 

V A 9  
V 90 
I 91 

Z R  90 
ZR 91 
Z R  9 2  
Z R  9 3  
Z R  9 4  
Z R  95 
L R  96 
N E  95 
NB 95M 
no 95 
NO 96 
no 91 

WCIOO 

RUlOO 
R U l O l  
R l I I O Z  
RU103 
RUIO4 

SE 7 9  

K R  nz 

MG 9a 

rc 99 

1-75966E-05 
2 . 6 3 9 3 l E - 0 5  
6 - 1053 I E - 0 4  
2.88644E-63 
* . O I L  l e t - 0 4  
2.542 7 L E - 0 3  
5 . 5 3 9 1 3 E - 0 5  
1 - 3 1  71 3E-04 
2 . B B B b 3 E - 0 4  

6 -315B2t-04  

1 . 3 1  29bE-03 
I .A3 5 l5E-02 
4 .  IY 6 ~ 4 ~ - 0 2  

1.16440E-02 

3-21 9OCE-OI  
1.830 16t-UI  
1 . I325EE 00 
I - 2 3  J bOE- 3 2  

l . 5 0 9 4 5 t  00  
3.3210ZE-04 

5 - 75 891E-0 I 
1.933996 GO 
2.03504t  00 
2.27689E 00 
2.36145E 00 
1.35245E-25 
2.4730ZE 00 
l.56262E-25 
9.46b4Ot-ZY 
2.49J25E 00 
8.666 I5E-04 

2.54135E 00 

2.65490E 00 
6.15979E-03 
2.41 115E 00 
2.22317E 00 
3.35024E- 4 2  
I .4924CE 00 

1 . 5 5 5 a s ~ - o 3  

z .19a 3 7 ~ - 0 3  

0.284 I S E - O ~  

9 . n n w t - 4 2  

1 . 2 i b t a ~  00 

I.IOYB~E-Z~ 

z.4abt.w 00 

t . a 3 3 9 0 ~  00 

RL 106 

RF103M 
RHICC 
P O I 0 4  
PUICS 
P O 1 0 6  
P D l O l  
PO109 
p o l l 0  
AGIOS 
I C 1  IO 
C C I  IO 
L C l l l  
C C I I Z  
CC113 
cc I I4 
C C I  1 5 N  
C C I  16 
I h l 1 5  
lh115M 
S h l l b  

w t o j  

s n i i i  
S h l I E  
Sh119 
S h l Z O  

ShlZZ 

Sh I24 
Sh126 

s n i z i m  

sa l21  
s e i 2 3  

s e i 2 5  
51) I 2 4  

S B l i 6  
58126N 
I€122 
1E124 
1 E 1 2 5  
1E l 2 5 N  
1E I26  
I E I Z l  
l E l Z l M  

1El29 
w i z a  

2-  5 0 5 8  5E-C 5 
6 .3935JE-CZ 
6 .58662€-4> 
L . J S O l O E -  I I 
I . 4 0 4 4 9 E - C Z  
1.01125€ C C  
P . 8 9 e S O E - C 1  
5 .11U5OE-Cl  
f.40648E-C L 
l . l O e 6 2 E - C l  
2 . 1 5 6 , S O E - C L  

5 .96025t-C3 
L - 4 9 7 1  It-CZ 

I . s e3 I a€- c 9 

4 . o z i 2 a ~ - c L  
:.~ZIIYE-C~ 
5 .  t l O C C 8 E - 1 2  
3.10448t -40  
i . 4 2 1 2 l E - C 2  
i .59721E-CZ 
I .  I7V57E-46 
I - 6 9 1  SIE-C3 
2.4 72 5 3E- c z  
2.48U50t-02 
2.46se5E-Cz 
2-52302E-CZ 
1 . 3 5 8 9 1 E - C I  
2.19453E-C2 
I .  4 1 4 4  7E- 15 
3. E173ZE-CZ 
1 .993C3€-CZ 
2 . 6 3 0 3 3 E - C 2  
3 .  LEt  22E-CZ 
l .93877E-32 
1.22303E-C3 

L.aEv4zE-I2 
1.04059E-04 
5.5624BE-C5 
5 -43555E-CZ 
I . l 3 7 2 7 € - C 5  
1.564 lTE-C3 
6.4LOb5E-20 

? -2.94 6 5E- 0 I 

3 .  eoi I C E -  IO 

i . a 3 4 0 1 ~ - i i  

J .a429 it-:+ 

ISUIGPt 

I E 1 2 9 N  
It130 

1 1 2 1  
1129 

XtlJL 
x t  IJL  
C S l J 3  
C S l 3 4  
C S I J 5  
L S l J l  
t lA134 
UA I 3 6  
8 A I J l  
8A137M 
B A I J U  
L A 1 3 9  
CE I * U  
C t l 4 l  
C E 1 4 2  
CE144 
PR I 4  I 
PUIS4 
PW 144M 
N J 1 4 2  
NU143 
NJ144 
NO145  
NO146 
NO148  
N O 1 5 0  
P H I 4 7  
PMl48 

S1114l 

SM149 
SI4 I50 
sn151 
94152 
511154 
EUl51  
E U l 5 2  
EU153 
E U I 5 4  
Ed155 

P n i w n  

sni*a 

C C h C E k l R A I l C N  

4 .158tGt-5  I 

1.6 50 4 J t  - 0  I 
5.60ZC8t-Ul 
I .C1)4C6C-07 

3.906iEt 00 
I.732FIE-OS 
J . ! 9 4  4 L E - 0  I 
2 . 6 S S P I E  00 
2.10641t-OZ 

1 . 1 7 1 t v t  00 
4 . l l j E 9 t - C 1  
3 . F U l 4 l t  0 0  
3- 192 13E 00 
l . l L 1 1 6 t  VU 

3.51329E 00 
4-72655t -Ob 

1.994 WE-  IO 
5 .s71 W E -  I J 
I .51310E-O3 
4.UCICYE 00 
3.203'33E 00 
2 .330tSE 00 
I.86lFZE 00 
I . L I C % P E  oc 
5.300 I C E - 0 1  
2.5829OE-02 

9.122 € LE-4 3 
1.3365Lt 00 
4.162 )E€-02 
1 . 3 C 9 S l t - 0 1  
1 . 1 4 5 3 3 E - U I  
1.6 32 IPE-0 
4.27318E-01 
5.19626t -02  
1.93634E-02 
2.213C7E-04 

3 . 0 5 2 i l E - 0 3  
4.396C4E-OJ 

------ --_--- 
1 . 0 5 r c a ~  00 

a. 153 E Y E -  i n  

z.3aaiz t -oz 

4 . a i i t ~ t - s i  

3.51ac6t  00 

I J . I I ~ L I E - + ~  

I.B~U?OE-OI 

I S U I C P t  

6 0 1 5 2  
t i3154  
G O 1 5 5  
G O 1 5 6  
( 1 U 1 5 1  
G O 1 5 8  
6016C 
16159 
I Y I b U  
O Y 1 6 0  
U V l 6 1  
O V 1 6 C  
I L Z C B  
P82GE 
PO2 I2 
fl l21Z 
PGzlb 
RN22O 
R A Z Z 4  

b232 
LZJ4 
U t 3 5  
C236  

NPZ 11 
PU236 
PUZ 38 
PLZ?9 
PU240 
PU.241 
PUZ42 
AM241 
AM242 
AM24ZH 
AM243 
CW242 
CM243  
CM244 
CM245 
CM246 
CW241 
CMZ4E 
En249 
C F 2 4 9  

- -- - --- 

1 n22 a 

uz3a  

L C h C E N I R A l I C h  --- 
1.0556lE-OS , 

7 -LO 1 9 IE-03 
J . 4 U l Z l t - 0 2  

I .  845C8E-0  3 
3 .  GV 4 1VE- Oi 
2 .  8 0 0 0 3 t - 0 3  

e.5eCiet-02 

5. i a o  I 5 ~ - 0  3 
: . ~ : X ~ E - Z E  
5 . 3 5 1  56e-05 
I - 335 M E - 0  2 
1 - 5 3  13 3E-0 4 
6 . 3 9 6 3 2 t - I 5  

3.  l l 3 l o ~ - l z  
3 -  5 l e  b6E- 1 3  
I -50545E- I 1  
5-6a352E-15 
3.29125E-lI  
6.995ElE-OS 
2.44113E-01 
9.70411E-IE 
1,94615E-02 
2.1535YE-03 
4.17112E 01 
1.4663Et-03  
8. Z>C 5 I€-c 5 
6.251CPE-05 
5.5814 I t -0  I 
3.4C993E-02 
2 .OZOS9E-OJ 
1.49446E-04 
4 .61244E-02  
2-3 I 263E- I C  
1.F3429E-05 
2-29067E-Ot  
4.68413E-OC 
1.7273OE-0 1 
2. Cab 4tE-0  e 
1.368OCE-IC 
1.4 I 2  ICE- l i  
I .  ISO04t- lS 

B.Y3252€-2E 
1.55429E-Zi 

I .vo+ I w-ue 

3 -022 a PE- 1 P 

.. 
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TABLE P.23 
ISOTOPIC CONTENT (Ci/assernblv) OF A MARK 318 
ASSEMBLY - 15 YEARS 

I 

4 

N 
m 
I 

I SOroPE 

t i 3  
CO 60 
SE 19 

- ---- - - 

R B  e i  
SR e 9  
SR VO 
I W  
V 91 

L R  9 3  
LR V5 
NB 95 
NB 95H 
I C  99 
nu103 
R U l O 6  
R H I O 3 M  
RH106 
P O I 0 1  

C O I  I S M  
lh115 
l N l l 5 M  
S N l Z l N  

actio 

CONCENIRAflON 

I. TO I Z O E - 0  I 
4 -63299E-01 

6 -0SQ16E-08 
6 - 3 0 8 4 9 E - 2 8  
I.BO599E 02 
1-80646E 0 2  
2.72031E-24 
v .nu8 3E- 0 3 
2 - 8 I O l 9 E - 2 l  
6. I Z S O T E - 2  I 

*.50094E-02 
I a07 35OE-37 

2 .  1 4 9 1  LE-31 
8.3726BE-02 
2 -635 IBE-04 
7.463 93E-06 
7-91004E-36 
I .bIT23€- I 3  
7.14909E-40 
4.3548ZE-04 

- ---- - ------- 

I . z r 9 e 5 t - o j  

3.60 IBUE-Z 3 

B . ~ I Z ~ ~ E - O Z  

ISLICPE 

SN123 
Sh I26 

S B l Z 5  
S 8 I Z 6  
5812611 
IE l 2 5 M  
1 E 1 2 1  
l E l 2 1 I 4  
I €  I 2 9  
I E l 2 9 N  
I I 2 9  

CS134 
C1135 
c s 1 3 7  

C E I S I  
C t  L I Z  
C t  144  
PI4144 
P P I 4 4 M  
N O 1 4 4  

:e124 

e ~ 1 3 7 n  

CChCENlRI I  IliN 

1.5884 I€ -  I 1  
2 .2  I l C 6 t -  OC 
3.39189€-28 
1.28224E 00 
3 - 1  1948t -C5 
2.21106E-04 
3 . l 3 l Z 8 E - C I  
I -65576E- I 3  
I - 13 I 25E- 13 
8.0078 I t - 4 1  
1 . Z b l Z Z E - 4 6  
T.17810E-C5 
2 .Z I !D~OE-CL 
3.683OUE-C4 
2.35220E CZ 
2.215126 CZ 
I . 3 1 2 3 8 € - 4 6  
E. 33888E-CB 
I. 50 192E-ct 
1 . 5 ~ 1 9  1E-02 
1.8CS 5 3E- C4 
3.19263E-I2 

CChCEhlRAI IGN 

2-39616E 01  
I . 4 3 3 i  1E-39 
2.01818E-38 
J.01242E-08 
I .25849€-14 
3 .14619E- I4  
4.16014E 00 
4.COB'PE-02 
8 . 2 4 8 O E - 0  I 
Z . I l 4 8 6 E  00 
2.25SEFE-16 
8.4866 7E-24 

5 .242COE-06  
5.ZlZCOE-06 
5 -242C LE-06 
5.242CIC-06 
5 . 2 4 Z C O C - 0 6  
5.242C3E-06 
5 . 2 I 5  72 €-Ob 
6.060LSE-20 
I .11142€-01 

---- ------ 

I .~e355~-06 

ISOICPE 
----I 

U236 

NPZ31 
PU236 
PUZ38 
PbZ3F 
PUZ40 
PU241 
PUZSZ 
AM24 I 
AM242 

AM24 3 
CM242 
CM243 
CM244  
EM245 
CM246 
cnzsr 
CM218 
8K249 
CFZ49 

u 2 3 e  

anzwn 

CONCENlRAl ICN 

I .781 I l t - 0 3  
1 - 6035OE-0 5 
5.26 LF LE-06 
5.38320E-06 
1.065 R SE-03 
3 - 4 1 2  2 PE- 0 i 
7.153 13E-03 
2.039OOE-01 
5-10345E-01 
1-58310E-0 I 
1.8701 I€ -04  
l - 8 7 9 4 9 E - O l  
4 .  5 1  153E-0 7 
1 -55114t -04  
8 - 9 143 I t - 0 6  
1-68 l b l h - 0 6  
2 . 3 5 4 1 t f - I 1  
4 .33948E- I3  
I. 0 5 1 4 3 t -  I5 
2.13C89E-ZC 
1-49134E-24 
6.3631l&22 

-- 

TOTAL ACTIVITY 861 02 Cihrsv HEAT GENEAATION. wallslmssv 
Prlmsry t.4? 00 
Gmma 002-01 
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1 

4 

N 
4 

I 

TABLE 7.24 
ISOTOPIC CONTENT (glnsembly) 
ASSEMBLY - 5 YEARS 

I SOIOPE 
- - - -- - - 

H 3  

V 51 
C R  5 1  
C O  60 
N I  60  
GE 12 
CE 13 
GE 14 
GE 16 
4 s  15 
S E  11 
S E  18 
SE 19 
S E  80 
SE 82 
8 R  81  
KR 82 
R B  *5 
R 8  31  
SR 88 
SR 89 
SR 90 
I nv 
Y 90 
Y 9 1 ,  

Z R  90 
L R  91 
L R  92 
Z R  93 
L R  v4 
Z R  95 
L R  '76 
NB 95 
HB 75M 
no 95 
MO 96 
10 9 1  
Y U  98 
MOIOO 
f C  99 
R U l O O  
RUIOI 
R L I O Z  
RUlO3 
RUIO4 
RU106 
RH103 

ti€ 3 

CONCENIRAIIOM 

I -19812E-05 
5.036ZbE-06 
5-91 118E-04 
9-94399t-24 
I.4933OE-03 
1.39391E-03 
8.499 11E-06 
2-40152E-05 
5-29418E-05 
Z . Z I 3 3 0 E - 0 4  
I .  IOZPIE-04 
4 -  31 4 50E-04 
I .63294€-03 
3.41 100E-03 
8.11805E-03 
I .l8106€-02 
1-21 3 96E-02 
2 - 3 2  2 58E - 42 
3.69314E-02 
B .OV698€-02 
l.15962E-01 
2.553 84E- IZ 
I s6141ZE-01 
1.41215E-01 
4 - 2 0  l6lL-05 
6 .  I465ZE- I 1  
2.110146-02 
2. I68 88E - 0 I 
I.6363JE-01 
3-41 3 1IE-01 
1.92 16oE-Ol  
I -25401E-09 
4.59669E-01 
I -4C895E-09 

4 -  39 1 blE-01 

5-01585E-01 
5-49381E-01 
6-51562E-01 
5-61561E-01 

5.6116lE-01 
5.514SOE-01 
9. I I 536E- I 5  
5.882 13€-01 
1-30 8 46E- 02 
1.61546E-02 

------ 

8. r i  re it- 13 

i .+neie~-o+ 

2.  1 a 5 5 9 ~ -  03 

OF A MARK 53A 

I SOIOPE 

R H I O 3 M  
R H 1 0 6  
POLO4 
PDIC5 
P O I 0 6  
POICl 
PO138 
PCI  IO 
li109 
b G 1 1 0  
CCIlO 
C C l l l  
C G l l 2  
CCI 13 
CC I I4 
CCI ism 
CCI I6 
I h l  I 5  
lh115M 
S h l  l b  
S h l  I 1  

S h l  I 9  
ShlZO 
S h l Z l M  
S h l Z Z  
S h l Z 3  
S h l Z C  
M I 2 5  
S h l t b  
se121 

- _- - - -- 

shiie 

s e i t 3  
se i24  
SEI25  
58126 

IF 122 
I t124  
1E I25 
It125M 
TE126 
IElZl  
IE12lM 
IEl28 
I E  I29  
IE129M 
I t 1 3 0  

1 1 2 1  

- s e i z i n  

CLNCtNIRAI ILN 

I .CO5tPE- I 1  
1-22 1 13f-CB 
i . I 2  1 83E-C2 
4.463C3E-Cl 
5.01983E-Cl 
1.26035E-01 
I .J0050E-CI 
6.66eZZE-CZ 
: - 4 C 6 2 6 E - C :  
L .V I632E-CS 
1.I7389E-CZ 
3.C1610E-CZ 
1.33213E-CZ 
1.64166E-CI 
I.5464>E-C2 
1.95211E-16 
4-52951E-03 
4. I I6  3 8 ~ - a  3 
l . J l9196-23 

4 . 5 3 8 2 4 E - C 3  
4.516lVE-C3 
4.6SC24t-C3 
4.152 13E-C3 
5 - 0  I H O E - 0 6  
5.23RZ 3E-C3 
1.3bt 35E-CT 
l.hZO4IE-C3 

2.4115lE-CZ 

6 .  C6406E- C 3 
1.5885IE-lC 
4 .  J 5  1 30E-C3 
l .l503JE-lO 
8.742lZE- I 3  
4.50246E-C5 
3.0191SE-C3 
I-14200E-CZ 
6.18084E- C5 
1.521 6 LE-C4 

------------- 

i.zz+ceE-cC 

I .4 1 I e x -  e c 
~ . ~ C I S R E - C ~  

z.4siaqE-io 
1. I Y  ~ C Z E - C ~  

i . i i48zE-az 
I.00VlZE-C1 

B.34869E-I9 
3 .01252~-0  I 
5.81 3 5 1 E -  CZ 

I S O I U P t  

I129 
I I 3 1  

X t l j l  
X E 1 3 2  
LSl13 
CS134  
C S l 5 5  
Lb136 
b J . 3 1  
MA134 
86136 
MA I 56M 
&AI31 
8Al1lM 
81138 
t lA140 
LA139 
LAl4J 
LE 140 
CE I C  1 
CE I 4 2  
CE I44 
P R I + l  

C C .  

~ l t 1 4 3  
Pni++ 
PR144M 
NU142 
NU143 
h0144 
NUL45 
h O l 4 e  
N U 1 4 1  
NDl4r) 
NUL50 
PHI41 
PMlk8 
PM14BM 
SM141 
SMl40 
SMl49 
sn150 
SMlSI  
SMl52 
Si4154 
EU151 
EUl5.2 
EUl53 
EU154 

CChCEh I R A r I L I d  

1.113 10E-0 I 
3.91952E- 10 
l.681!2E-L8 
l.ll6E4E-18 
e.430HJt-OI 

5.191t>E-02 
Z.UlZC4€-45 
1 . 6 6 G t 3 E - 0 1  
1 .265tZE-02  
l.bl245E-02 
1.8L8lbk-52 
1.125 1 9 ~ - 0 l  
l . l6 l i8E-07 
1.584 5 I € - 0  I 
2,1905 1E-44 
1.24 I t 6 L - O I  
3 . 3 0 4 ' 3 E - 4 5  
1.38669E-01 
4.1462 IE- 18 
6.10818E-01 
5.596 (+E-03 
l.ICl€SE-Ol 
6 -681 P9E-42 
2.36ItZE-01 
1.180 NE-09 
1.391 I S E - 0 3  
1.468iBE-01 
5.651 1ZE-01 
4 .  I31 t4E-01 
3.513tSE-01 
6. e11 PIE-54 
2.398C9E-01 
l.4l425E-01 
6.582 It€-02 
6 . I51 25E-I9 
6.6595lE-11 
I .84ZZ3E-O I 
I .582tRE-02 
I .693tZE-02 
I. 115cot-0 I 
2.583i3E-02 
I .5123+€-0l 
4.085L4E-02 
5.86ltbE-04 
I.1865lE-05 
6.V29t 1E-02 
6 -031 39E-03 

- - 

z .804e9~-03 

I S U I O P E  

E U l > 5  
Ell156 
bo152 
CUI54 
GO155 
G O 1 5 6  
GO151 
GU158 
GOi6G 
18159 
10160 
UYIbO 
O V I I I  
01162 
l L 2 O r )  
P8208 
P B Z l Z  
D l Z I Z  
P t i Z I 6  
RNZZO 
R A Z Z 4  
f H Z Z 8  
bL32 
u234 
U L 3 5  
UZJb 

tip231 
PUZ 3 e 
PU218 
PU239 
PU240 
PlJ.24 I 
PU242 
A M 2 4 1  
AM242 
AM242M 
AW4J 
C M Z l I  
LM243 
CM244 
CM245 
CM246 
CMZ4 1 
C R Z 4 8  
UKZ49 
CFZ49 

w 3 n  

C C N L E h l R b I  lCh 

5-12962E-03 

3.88062E-Ot 
J.05 I I B E - O ?  
5.4415 l t -03  
5.32 I RIE-Ci 
3.589t4E-04 
1.836.22t-OL 
i .  1404Ci-03 
3.53 l4Bt-03 
1.62684E- 12 
B.Z3055€-05 
1.3615lE-U4 
4 . 8 5 0 2 5 E - 0 4  
9.26604t- I 3  
3-35510E-01 
5- 465ClE- I C  
5 . 1 8 4 2  I€ -  I I 
2 . l 8 I  LIE-I5  
(1 .234 t  3E- I 3  
4.16854E-OF 
5.21640E-0 1 
6-24 1386-05 
( 1 . 1 9 Z 4 5 E - l S  
6 . C 4 8 6 8 E - I  5 
I .  I 5 8  l 5 t -  14 
1 .G lL35E- I4 
8.82936E-0 I 
2 - 0 0  1 5 3 t - 0 1 
1.59255E-01 
1-23501E-02 
l.31625E-U2 
3.0 109Ok-OJ 
5.835 I9E-OQ 
5 . 2 8 5 2 3 t - 0 2  
1-499PtE-I 3 
I .25460€- I e 
9-69 303E- 15 
2.38034E-ZC 
5.11 0 1 1E- IS 
2-91  l32E-15 

I .4599 1E-I1 
V .13 1 6ZE- 2C 
3.9U054E- 2 I 

I .  19829E-25 

I . L S , ~ ~ E - ~ F  

e -016 5 5 ~ -  I I 

2. I B Z Z S E - Z ~  



TABLE 7.25 
ISOTOPIC CONTENT (Ci/-bly) OF A MARK 53A 
ASSEMBLY - 5 YEARS 

I SOIOPE 

H 3  
CR 5 1  
CO 60 
SE 7 9  

- --- - - - 

R B  n7 
SR ev 
S R  90 

Y 90 
V 91 

ZR 9 3  
LR 95 
NO 95 
Y B  95M 

RU103 
RU106 
RHlO3M 
R H I O 6  
POLO7 
AGIlO 
C O I  1514 
I N 1 1 5  
lh115H 
S N l 2 l H  
SN113 

rc  9 9  

CUNCENIRAT ION 

I .  15 e I BE- o I 
9.15129E-19 
1.69454E 00 
2 A 2 0  7 lE-04 
7-08959E-09 

2.2849OE 01  
2.28549E 01 
I .50659€-06 
I -38366E-03 
2.63415E-05 
5.679 WE-05 
3 - 3 4 5  36E-07 
9.63 900E- 03  
1.639 IO€- I O  
4 . 3 7 1 8 l E  01 
3.28 I42E-  10 

1.67854E-04 
3 . 2 6 O l l E - 0 1  

2.563 I9E-14 
+.4123+E- 16 
2.96691 E-04 
1.12557E-03 

r . z i t ~ e ~ - o e  

4 . 3 1 1 e e ~  01 

4 .v+e 3 e ~ -  I 2 

I SOTOPE 

Sh I 2 6  
S t l l Z 4  

SE 126 
S B I 2 6 M  
T C 1 2 5 M  
IE 1 2 1  
l E l 2 7 N  
I L I 2 9  
IE129M 

I 129 
C S l 3 4  
CS135 
CS136 
C S l 3 7  
E 4 l 3 6 M  
BA13lH 
B b I S O  

C E I 4 I  
C € I 4 2  
C E I 4 4  
P R l 4 3  
P R l 4 4  

- ---- -- 

w i z s  

L C I ~ O  

CChCEhIRAI I C N  

6.811 72E-C5 
2.78OlSE- IO 
4.56194E 00 
5.62041L-C6 
6 - 6 1  I 72E-CS 
1.11405E C O  
t . 5 9 7 1  7E-CS 
6.7 352kE- C 4  
I .6076lE-  I 4  
2.53 l 9 8 E -  14 
3.09589E-C5 
3.63512E 00 
5.9 85  1 LE- c5 
1.53 135E-40 
6.L4571E (I 
4.90030E-41 
6.28689E CI 

1.8398bE-39 
1.35203E-13 
l .6 lO69E-C8 
1.18557E C l  
4 . 4 9 5 l l E - 3 7  
l .78563E 01 

---------- 

1 . 5 9 8 7 3 ~ - 3 9  

. . . ..... .. ........ .. . . .. .. .... . ........ ... . ......... .. .... .. .. .. 
TOTAL ACTIVITY 3.82 02 Cilosrv 

.. . . . .. 

. .... . . 

CC hC EN I R b 1 I ON 

2.I4212t-Ol 
t - 6 9 0  l6E- 13 
5 .56115E-41 
6.10625E 01 
1.011 WE-13 
1 .466  18E-12 
4.192?5E-09 
6.18533E- I 5  

6.584I3E-01 
3.2361BE-03 
l . 6 3 l t l E  00 

------I--- 

4.0113572-15 

2 . 4 6 1 1 ~  00 
b . v i e e 9 E - 3 4  
8.307i6E- 1 1  
1.837 l7E-08 
2 - 1 2 8  46E- 0 4 
1.593ClE-04 
1 .593PtE-04 

1.5S4P9E-04 
7.594€9€-04 
7.60292E-04 
9. I 2 7  I 3 E - 0 4  

i . 5 9 4 e 9 ~ - 0 +  

ISOIOPE 

u 2 3 4  
u235 
U236 
U238 

NP237 
PU236 

PU239 
PUZSO 
PU24 I 
PU242 
A M 2 4 1  
AM242 
AH24ZM 
C M 2 C 3  
CM242 
CM243 
CM244 

.CH245 
CH246  
CH247 
CH248 

C F 2 4 Y  

__-_-- 

PUZ 3 e 

e u 2 4 9  

CUNCtNIRAr l C h  

5 . 4 9 C 5 l E - I 1  
1-30 722E-2C 
7.49 I21E- I S  
3.60 399E-2 I 
6.2224 ?E-04 
1.06 3 2 W - 0 4  
6.14t35IE OC 
5 .496 I B E - 0  3 
3.12918E-03 
3.0982 7E-01 
2.22694E-Ot 
I .e 1 4c x - o  i 
1.2129 i E - I  1 
I. 2 19CSE- 1 7  
7 . 8 8 2 4 2 E l 1  1.97436E-I5 

2 - 9 4  725E- I 1  
2 .35479E- I3  
1.31990E- 1 1  

9.03204E-24 
1-68 8 6SE-2 3 
3.64338E-24 
4.90573E-25 

4 . + B * ~ B E -  i e  

HEAT GENERATION W~IIS~MSV 
Prlmav WBB-01 
G m m i  384-01 

.. 



c 

TABLE 1.26 
ISOTOPIC CONTENT b/olwmblvI OF A MARK 53A . - . . - 
ASSEMBLY - 16 VE& 

I Sfl10P€ 

t i 3  
t4F 3 

V 5 1  
CM 51 
CO 60 
N I  60 
G E  I2 
GE 13 
G t  16 
G €  16 
A S  15 
S F  I 1  
SE 10 
S€ 19 
SE EO 

- _ _  -- - - 

s t  az 
ER a i  

nn 05 

s R  nn 
sn nq 

v a9 

KR 02 

R E  E7 

SR 90 

Y 10 
Y 91 

Z R  90 
ZR 91 
L R  9 2  
&!A 9 3  
Z R  9 4  
Z R  95  
t R  96 
ti0 9 5  

no 95 
HO 96 
HO 9 7  

HUlOO 
I C  99 
R U I O O  
R U l O l  
R u t 0 2  
RUIO3 
RUlO4 

NE v 5 n  

MC qa 

CUNCENlRAl I U N  

6 . 8 0 1 T j E - 0 6  
1.0209TE-05 

2 .  I V  115E-63 
3.9v44 3E- 0 4  
2 .*E T 6 9 E -  0 3 
A.499l lE-06  
2 .40 15>€-05 

2 - 4 1  3 3 O t - U l  
1. IO 291t-O4 
4.31 4 SUE-OS 
1.632VQt-03 
3.4 7065E- 0 3  

1 - I E 7 0 6 t - 0 2  
1.251V6t -02  
2.32 2 58L-42 
9.693 I S t - 0 2  

I .  15 9 6 2 t - 0 1  

I - 26 I 12E-0 I 
1.672 15E-01 
3.2R3186-05 
I .06085E-Z9 
5.70135E-02 

2 - 6 3 6 3 3 t - 0 1  
3.4136EE-01 
3 - 7 2  1 6 O E - 0 1  
2.050 13E-26 
k .59 669E- 0 I 
2 - 9 6  9 k l  t - 2 6  
1.4354ut-ZV 
4.39 167E-0 I 
7 .4RB IEE-U4 
5 - 0 7 5  8%- 0 I 
5.49387E-01 
6 .51562t -01  
5 .68553t -0  I 
4.1 E 5 S9E- 0 3 
5 .6Tl6TE-Ul  
5.E74 5OE-01 
E.719426-43 
5.EE273E-Ul 

________ -___ 

5.01 i iaE-04 

5 . 2 9 4 1 a ~ - o 5  

e. I i n  05t -03  

a . o q 4 9 a ~ - o 2  

i . n 3 1 3 2 ~ - 3 3  

z . i b n a ~ c - o i  

I S f l I C P E  

RblC6 

Mh103M 
H H I O L  
P O I 0 4  
PO105 
PC106 
P O I 0 1  
POICB 
PIJI IO 
A G l C 9  
Ab1 10 
L C I  I O  
C O l l l  
CUI 12 
C C 1 1 3  
COI  14 
CO 11514 
L C I  16 
l h l l 5  
lh115)r 
Sh116 
S h l l l  
Sh l l IJ  

SklZO 
S h l Z I H  
Sh122 
Sh123 
S h l 2 4  
Sh126 
S B  I 2  I 
S E I 2 3  
Sa124 

S E I 2 6  

l L l 2 Z  
1E I 2 4  
I t 1 2 5  
I C  l 2 5 M  
1E 126 
I t 1 2 1  
I E l i 7 M  
1 E I Z 0  
l E I Z 9  

------- 
Rnioj  

sni 19 

s e i 2 5  

s e i z b n  

C L N C E h l R I I  ILh 

I - 3 l l C 6 E - C S  
I .675+6t-CZ 
1-72605E-55 

2. I 2  IU3E-CZ 
4 - 5b 3C3E-C 1 
5 .2 I u 5  7E- c I 
3.26035E-CI 
2.3005OE-C1 
6.66EZLE-CZ 
1.40tZ6E-CL 
L .997bLt-C9 

3. C 7 6  1 CE- C2 
1.33273E-CZ 
3.64766E-C4 
1.54t45E-C2 
4.3 l E 3 6 t - 4  1 
4.5295lE-C3 
4.1163Et-C.3 
I. 6 4 0  79E-4 1 
l . ~ Z ~ C E E - C 4  
4.5JEZ4E-C3 
4.51619E-03 
4.69024E-C3 
4.152 73E-C3 
4.364 16E-CL 
5.23E2>C-C3 
k .OS 884E- I b 
7 -6201 I E - C 3  
2.4 l E 5 0 E - C Z  
4.902bOL-C3 
6.C6420t-C3 
E .E45 15E-33 
3 .k 35 I SE-04 
1 - 1 5 0 3 2 E - I 0  
8 .1426Et-  13 
4. 5U246E-CS 
3 .0191 4E-CS 
1.54B56E-CL 
4.e7949E-Cb 

-- ----- - 

L . Z ~ ~ E ~ E - I I  

1. i ao i w - c z  

I . ~ Z ~ Z ~ E - C C  
2 . 0 4 3 z a t - z o  
5. e i t 4 ~ -  i e  
I .OU91ZE-C1 
9 -206 5 9 E -  55 

I SurOPE ---- 
rh izvn  
l t l 3 0  

1 1 2 1  
I129  

X E I J I  
X t  LIZ 
CS133 
C S I J Q  
CS135 
L S l 3 1  
UA134 
84136 
@ A 1 3 1  
BA137M 
B A l 3 a  
L A 1 3 9  
LE 1 4 0  
GEL41 
C E I I Z  
C E I C I  
PRISL 
PR144 
PRI44M 
NO142 
hOl43 
NU144 
NO I 4  5 
NU146 
N O l 4 U  
NO150 
P H I 4 1  
P n i w  
P M ~ ~ B M  
W l 4 7  
m 1 4 a  
SI4149 
SM150 
S M l S l  

SM154 
EULSI 
EUI!D2 
L U I S 3  
Ed134  
€ U t 5 5  

s n 1 5 i  

CChL€NlRAl  ICN 

l . C O 4 ~ 6 t - 5 1  
3 . 0 1 2 1 2 t - 0 1  

1.173?Ot-O1 
1 . b E l ~ C t - C E  
1. 1 7 6 E 4 t - I E  
8.430iOE-Cl 
9.696 2 7E-05 
5 . I ~ I t S E - O Z  
6 -084  % I t - 0 1  
1.535 4 l t  -02 
1.61L45c-UZ 
2.701 4Ut-01 
9.ZlIElt-OU 
7 . 5 8 C Z l t - 0 1  
7.241€bE-01 
7.386t9E-0 1 
7 .52375t -52  
6 .708 1Et-C 1 
7 -61 8 t I € - 0 1  
7 . 1 0 1 t S t - 0 1  
3.214 7 3 t - I  1 
I - 6 0 7 3 3 t - 1 3  
1.391 14E-03 
1.46tIZEt-U 1 
5 . 1 0 1 t  1E-01 
4.131t4E-01 
3 . 9 1 3 0 5 t - 0 1  
2 .390cvt -o  I 
1 . 4  ICZ5E-01  
k .685CJE-U 3 
1.467CiE-45 
1 -635S4E-43 
2 - 6 5  3 59E-0 I 
l.582tEE-02 
1.6V3tZt -02  
I .  I l S C O t - 0 1  
2.39 7Z8E-02 
1.512%€-UI 
k .CISE4t -02  
2.e42tPE-03 
l.OCEC9t-05 
6 . S i Y f  7E-02 
2.69511t-G3 
1.2092ut-u3 

----I--- - 
5 . a 7 3 5 i t - 0 ~  

I S O I L P E  

bC152 
b o 1 5 4  
G O 1 5 5  
GO156 
CGl57 
G U I 5 6  
GU16U 
I B 1 5 9  
IMlbO 
01160 
O V l b l  
OY 162 

PBZUE 
PO212 

---- 

rLzba 

a i 2 1 2  
PliZLh 
R h Z L O  
R b 2 2 4  

W 3 Z  
UZ 34 
U235 
bL36 
U 2 3 8  

NP237 
PU236 
P u t 3 8  
PVZ39 
Pb240 
PUL41 
PUZ4Z 
I n 2 5 1  
AM242 
AM242M 
Ah243 
CML42 
CM243 
LR244 
GM245 

CM24 I 

EK249 
CF249 

t n n a  

c n z 4 t  

CMZZB 

CONCtNlRAl ICh - - - 
3 . 8 a o t t t - o t  
6 . 3 P 4 O  LE-03 
9 -36 1% at-0 3 
5.32 I E I € - 0 2  
3 .  SEFt  4 E - 0 4  
1.83622E-02 
1 . 1 4 0 4 0 t - 0 3  
3.53 14EE-03 
l.UOE52L-2 1 

7 . j 6 1 5 t t - U 4  
4 .  E 5 0  29E-0 5 
1.C37CCE-I2 

6.11 1 l O t - I C  
5 .8Ul86C-11 
2.4406EE-I5 
5.2 1 4 i O t -  13 
5 .335a4t -cs  
1.0367EE-06 
3.8121EE-05 

a . z j 0 5 5 t - 0 5  

i .s t .31~7t -ot  

a. i w  i v t -  15 
6.0486t-t- I 5 
1 .15815t -14  
1 - 0 7  23 5E- I 4  
W.82936E-0 I 
1.75PE IE-0 L 
3.3 19b8E-0 1 
7. 23299E-02 
1.3 74 E O E - G Z  
I .  9 I 6 3 BE-0 3 

5.3155EE-02 
1.433 13C-23 
I . lPeb7E- lC 
9.88369E-15 
2.902 1 3 t - 2  I 

I .9154 7E- 15 
W.OU999E-I7 
I -45783E- I 7  
9 .13102t -ZC 
3.9U045E-21 
6.81505E-3 I 
I. I P b Z E E - Z S  

5. a35c E€-04 

4. 4 7  7 a 4 ~ -  IF 



I 

I 

I 

4 

w 
0 

I 

TABLE 7.27 
ISOTOPIC CONTENT (CilaswmMy) OF A MARK 53A 
ASSEMBLY - 15 VEARS 

I sorow - __-- - - 
c 3  

CO 60 
SE 79 

S R  09 
SR YO 

Y YO 
V 91 

L R  93 
Z R  9 5  
NB 95 
N8 PSH 
I C  99 
R U I O 3  
RU106 
R H l O 3 H  
R I l l O 6  
PO107 
AG110 
C D l l S M  
I N 1 1 5  
I N 1  I 5 H  
S N I Z I M  

R B  n7 

CONtENrRAI IUN 

6.58082E-02 
4 . 5 3 2  73E-01 
2. 42045€-0* 
I -08Y59E-09 
5. I 7 2  33E-29 
I .1854IE 01 
1.18589E 01 
2 -600 2 8 t - 2 5  
1.38365E-03 
4-3OlS3E-22 
9.2815lE-ZZ 
5-47054E-24 
9.6386RE-03 
2 -81 3 16E- 39 
4.58105E-02 

I--------- 

5.631 ~ ~ - 3 8  
+.saiosE-oz 
I .61854E-04 
1.41323E-05 
1.10029E-36 
Z e563 I9E- I 4  
9 - 9 5  4 4 5 t -  4 I 
2.5826OE-04 

I s c T a P E  

Sh123 
Sh 126 
SB124 
58125 
58126 

T E l i C M  
I t 1 2 7  
I E  I Z T H  
I t 1 2 9  
l E l Z 9 H  
I129 

CS134 
CS135 
CS137 

CL141 
C t l 4 2  
C t 1 4 4  
P R l 4 4  
PR144M 
k D l 4 4  

s e 1 2 6 ~  

~ A I ~ T M  

CCNCEhlRAl IC& 

3.31556E- 12 
6.871 6 I E - C S  
1.51337E-28 
? . b O 1 4 4 E -  C l  
f.bZOJ4t-Cb 
6.81167E-CS 

5.3065 I t -  I 4  
5.50945E-I4 
I .935 I 3 E - 4 7  
3 .04782E-47  
3.05589E-C5 
1 J 5 t 6 4 E - C l  
5.98569E-CS 
5.27880E C l  
4.993756 Cl 
2 .1432  7E-4 7 
I .  6 I 0 6  9E-C 8 
L.43059E-C3 
2.43C6 1E-C3 
2 -9 16 15E- C5 
6.756 4OE- 13 

8. r 9 4 e 9 ~ - ~ 2  

lSOlOPE 

PI4141 

P H l 4 8 H  
SM141 
S H l 4 U  
SMl49 
S H 1 5 1  
EU15L 
E U l 5 4  
EU155 
(io152 
18lbO 

PBZ 12 

PO216 
AN220 
RA2LS 
an228 
J232 
U Z 3 4  
uz35 

~ ~ 1 4 1 1  

r u o a  
e1212 

CC hCEN IRA 1 I W 

4 . 3 4 6 2 2 t  00 
2.41159t-40 
3.49611t-39 
5.583t3t-OV 
5 - 1 8 )  3 t - 1 5  
4.068 l l t - 1 5  
6 .  I LOPS€-0 I 
1.898 4 3E-0 3 
7.283 5%-01 

8 . 3 0 7 2 6 t - I 1  
1.138SIE-23 
3.05313E-04 

d - 4 9 8  5 5E-04 
8.49843t-04 

8.49843E-04 
8.491: I € - 0 4  
8 . J Z Z I 7 E - V I  
5.490 3%-17 

-- - -- ---- --- 

s . e i ~ i 9 t - 0 1  

a. 4 9 8  :+E- a+ 

8.49843t-04 

I . ~ O T ~ Z E - Z I J  

TOTAL ACTIVITY I .52 02 Cilassv HEAT GENERATION. walelas%v 
Primuy 3.73 -01 
Omm. 1.91 -01 

ISO1UPE 

UZ 36 
UZJ8 

NP2 3 7 
PU236 
PUZ38 
PUZ 39 
PUZ40 
P U Z I l  
PU24Z 
At4241 
AM242 
AM24ZH 
AM24 3 
CM242 
CM243 
C H Z I S  
CM245 
CM246 
c n 2 4  1 
CM248 
8K249 
L F Z 4 9  

LLhCENlRAr ICN 

7 - 4 9  I 2  I€- 15 
3-60 39Pt-2  I 
6 . 2 2  24 5E-04 
9 -  348 1 I € - 0 6  
5.68151E 00 
4 . 4 9 4 8 5 ~ 0 3  
3.  it 58 l e 0 3  
1.93346E-01 
Z .ZZ69OE-Ot 
1.82444E-01 
I .  1589CL- I 1  
l.l641lE- 11 
I -97  2 50t- I 5  
F. 6 1230E- I t 

I - 6 0 5 9 3 E - I 3  
1 .37877E-I  I 

9.03204E-2 1.68865E-23 4 

1.14 1 8 3 t - 2 7  
4 -  8974 1€-25 

t . 3 i a 9 5 ~ - i i  

4 - 4 1  19 IE- I e 



e e 

TABLE 7.28 
ISOTOPIC CONTENT ( g k g  U-236) OF AN OFFSITE 
FUEL ASSEMBLY - 6 YEARS 

c 

ISOTOPE 
-I---- 

n 3  
CE 3 
L l  0 
GE 72 
G t  13 
GC 14 
GF 16 
A S  15 . S t  11 
S E  18 
Sf 79 
s z  80 

8 R  81 
R e  85 
RB 87 

S R  09 
SR 9 0  

Y 8 9  
I 90 
t 91’ 

ZR 90 
ZR 91 
t R  92 
L R  9 3  
L R  94 
L R  95 
ZR 96 
YR 5 5  
NE 95M 
YC 95 
10 9 6  
no 97 
*o 98 
101 )U 
TC 9 9  
RUIOC 
R U l O l  
Rt.102 
P U133 
RUlO4 
RLZot 
RH103 

RH136 
P t 1 3 4  

SF e i  

SP ea 

Rni 3 3 1  

CONCENTRt T I O Y  

4. t 2 4 5 %  -04 
3-  89 2H9E -04 
3.04428E 94 
1. lZ l tCE-( r4  
7 - 1 4 3 6 0 E  -04 
1.879851-u3 
1.323luE-02 
4.42453E-03 
2.51 175E -UZ 
6.1 I1 l a €  -02 
1.52442Z-01 
3.06C94E -01 
1.43035E-VI 
C.Z5517!-JI 
3.21491E OJ 
7.92213E IJ 
1.1487.e CI 
1 - 8916 3E - 13 
1.612562 01 
1 .5359G V I  
4.19606E -03 

2.814382 03 
1-92417E 01 
1.964778 ‘d1 
4.23163E 01  
2. I6 511; 01 
1. F 9 12 li - 1 J 
2.15590E 01 
2.30757E-1 J 
1.39794.E -1 3 

7.2441P1i-03 

2.09321E 01 
2.27251L 01 
2.16115E 01 
5-91  652E-02 
1.854936 01 
1.51795e 01 
t .45462E-18 
T . l l l O O E  JJ 
1.83363E-02 

1.26899E-23 

1.48218E-01 

-------_-____ 

e. 1 ~ 4 ~ 5 z - i ~  

2.20957E U L  

2 . 0 ~ 6 3 ~  01 

Z . l l 4 l l F - 0 5  

1.a915te-ae 

1 WTOPE 

PO105 
P D l C b  
PDIU7  
P D l C 0  
POI IO 
A G I O 9  
4C11V 
CD110 
CD111  
C D I  li 
C U I 3  
CD114 
CD115M 
C 0 1 1 6  
I Y 1 1 5  
I N 1  I S M  
SNI 16 
SNll1 
5N110 
SN11C 
S N 1 2 0  
SNi 21 M 
SNlZZ 
SNI  23 
Sh124  
PN126 
S R 1 2 1  
Sa123 
$ 8 1 2 4  
S1)125 
58126 
5 81 2611 
r E 1 Z Z  
TE124 
T E l  25  
TE 125M 
T E l 2 6  
T E l 2 7  
7.: 12711 
TE128 
TELZs 
l F 1 2 9 1  
T El 30 

1 1 2 1  
1129 

- - - - - - - 

* E l  31 

CCNCEhTPAlI Ch: 

3.1158SF U U  
1.9456CE 3C 
1.92139F-OI 
3 . 8 8 4 l l E 3 1  
1 - 3 8  80St -0 1 
I . 8 8 J 1 5 E i ) l  
I .  33t31F-05 
1.0102lE-0i 
1-08229€+ 1 
3. CSSZlE-02 
8.26298E-G 3 

5.5105CF-15 
1.14269E-0 2 .. € 9 2 1  €E-02 
i . 0 9 ? 7 € € - 2 ’  
5 . 9 4 4 U t E 4 l 3  
t . s 7 5 1  IC-02 
1 -80 13 4C-D 2 
7.47151E-(r2 
1-  82 4 0  iF-0 2 
3.5t 161E-O 5 

1 21  1 4  3F-0 1 
1 . 3 9 2 2 2 E 6 1  
3.39i3CT-01 
8.2528 5E-0  2 
I. C 6 13CE-0 1 :. t i 9 e  €€-I c 
3.46WBE-G 2 
1. t l34!C-O2 
I.2ZtZSE-11 
5.17199E-04 
i. 5 C C S f E - 0 4  
1 .4865PE-01  
4.92 169C -3 4 
t. 3949%-0 3 
1.V 1230E-lF 

1.9151CE 00 
1.15JOOE-25 

1.17921E 9 0  
1.51 T51E-O 1 
?.3745€E J C  
1.X 6 4  I€  -2  7 

----- ---- -___ 

I .  4029 er-o I 

e. eccsw-02 

i. eCistE-oe 

1. es 3 i w - z  z 

I s n i o p c  ------- 
)1 E l  32 
C S 1 3 3  
C S 1 3 4  
C S l 3 5  
CS136 
CSI 3 1  
RA134 
8 1 1 3 6  
811 3611 

A I  I??* 

81140  
11139 
11140 
C E 1 4 0  
C E 1 4 l  
CE 1 4 2  
CC144 
C R 1 4 I  
P R 1 4 3  
PR144 
PR14CW 
NO142 
N0143 
NO144 
ND145 
NDI 4 6  
NO147 
NO14R 
NDI 50 
P H I  47  
PMl 40  
P P ’ l 4 l l r  
SMl41 
5 11 4 R  
SUI 4 9  
SM159 
SUI 51  
$ 1 1 5 2  
5 1 1 5 4  
EU1.I 
E U l 5 2  
EU153 
E U l f 4  
tu1 5 5  

ea 1 3 1  

B u m  

CGNCFNTRAT ICN 

9 - 8 9  1 J 5E - 6 0  
3.17906E 01 
3 .19353F-02  

1.55467E-57 
2.65693E. 01 
3.05185F-31 
5.4293TE-dZ 
1- 36419F-64 
5 . 9 0 9 2 M  DO 
5.0484% - 2  6 
3 . 3 7 0 0 5 i  01  
1.15296E-55 
3.2369% u l  
1.13895E-56 
?. 17366t 41 

3.00082; J1 
E .  7 4 1 5 % - 3 2  
2 . 9 9 6 1 5 f  01  
2.31798E-52 
3.39 319E-06 
1-69657F-04 
1. 1 1 3 l K - ) Z  
3.9f lRBlE U l  
2.88292t 01 
i.31935F e1 
1.56A57E 01  
2.611R3E-65 
9.12716E 00 
3.53604C OJ 
1.8970M $10 
5.065R4C - 2  I 
5.6491 5E -1 9 

6.02892E-3 I 
8.944275-01 
6.01601F 0 9  
1 .11I5ZF 0 3  
i . 4 1 7 6 4  : J  
5 .29244E- I  1 
5.58289F-02 
1.12417!!-~3 
1.10433E JO 
4.53961E-02 
5.664’3 2F - 4 2  

- -- -- - - -- - - -- 

4.32189r 00 

i . i e 4 ~ 9 r - 2 1  

e. i i b ? a E  C J  

r $ n i o P E  - - - - - - - 
EL156 
CC152 
G D I 5 4  
CD155  
f i t156  
GO157 
C t 1 5 8  
CF16V 
1 8 1 5 9  
T P I S J  
Or163 
C Y 1 6 1  
F Y I 6 2  
T l Z C 8  
PPZOP 
& P Z I Z  

F C Z 1 6  
RNZZ? 
P A 2 2 4  
TH228 

L 2 ? 2  
(1234 
u735 
U Z l t  
u2 38 

h P 2 3 1  
P U 2  36 
FUZ38 
F L 2 3 9  
F U 2 4 V  
F 1 7 4 l  
P U Z 4 i  
A P Z 4 l  
AM242 

1 C24 3 
CP’242 
c r 2 4  3 
c r 2 4 4  
CMi45 
CC246  
CPZ47 
Clr248 
flR249 
CF 2 4 9  

n i i i i  

a w z ~ z ~  

CONCFNTRATION -------- - ---- 
e .?121=-4s  
9 - 3 1  29 3E-05 
3.16 17ZE -e2 ‘ 
8 .0842R - 0 ;  
2 .44  156E -01 
2- 4S2bU.E -03 
6.83?28E-02 
3 .35415t -93  
E -  25  €1 qE - 0 3  
: .51974E- I4  
1.45579;-04 
0 . 9 t  4 8 1 - 0 4  
4.87q75E-04 
I?. 53166E-14  
3.11962E-Je 
5 - 0 3  h4ZE -I 1 
5 . 7 l t l I E - 1 2  
2.0102 3E -16 
7.58926E -14 
4 . 3 4 8  w - io 
n. 5 6 5 9 1 ~ - 0 0  
5 -  13034C-C6 
4.22 71 OF- 02 
1 .499999 OJ 
€ . 5 0 4 9 ~ - 0 1  
3.08085E-01 
2.067752 -01 
Z.r(r416C-06 
1.60461E-01 
2.51.1UE LO 
1 . 4 0 5 6 Y - 3 1  

t .99531F-94 
6.56 R 1 OE -0 3 
3.43946E-12 

2 - 5 1  188E-08 
1. 70226E-10 
3.22441E-C9 
3.94696E -1 3 
2 . 5 4 4 2 0 € - 1 2  
2 .OR00 I € - 1 4  
2.24043E-17 

1.92995E-26 
3- C O  15W-24 

I . ~ Z ~ I ~ F - O Z  

Z . B ~ ~ T R E - O ~  

1 . 0 5 ~ 5 ~ ~  -19 



TABLE 7.29 
ISOTOPIC CONTENT F i / k g  U-235) O F  AN OFFSITE 
FUEL ASSEMBLY - 6 YEARS 

ISOTOPE ___-___ 
H 3  

S E  1 9  
RR 8 1  

S R  90 
t 96 
Y 9 1  

L R  93 
I n  9 5  
NR 95 
N 8  9 5 M  
TC 9 9  
RUlO3 

RH103H 
R H 1 0 6  
P O I 0 1  

C D l l 5 M  
I N 1  1 5  

SN1 21M 
S N 1 2 3  

SR n9 

aui 16 

cci IO 

t n i i 5 ~  

CONCENTR4 T ION 

4.470838 0 )  
I -06 3 1 ‘ri -3 2 
6 . 9 3 8 1 9 6 4 7  
5 .359611-39 
2.28184t 0 3  
2.28244E U3 
2.1532Bi-01 
1.117626+1 
4.1 9 51 t -b 6 
9.0451 If-06 
5 . 3 2 l l b C - 0 8  
?. Cb49lE-01 
2 -0682 2E- 1 3  
C.Ut6350 01 
4.14051€-1? 
6.026366 01 
4.018J56 -04  
6.3303b;-02 
1.40436E-14 

1 . 2 6 8 9 9 i - 1 8  
2 . 0 1 2 2 0 C 4 3  
1.13437E-03 

- __----- -___ 

3.~6.994e-13 

I so 1CPE 

S N l Z 6  

S 81 25 

_----__ 
sn I 24 

sni 26 
sni26w 
TE125M 
T E l i 7  
1 F l Z l M  
l e 1 2 9  
TE 1 29M 

I 1  29 
C 5134 
C S I  3 5  
CSl31 
8413TM 
C E l 4 l  
C E 1 4 2  
CE144 
O R 1  4 3  
P R l 4 4  
0 R l 4 4 M  
NO144 
P M 1 4 1  

CCNCELTPATI Ch 

9.63853C-04 
4. t 0 3 1 2 € - 1 2  
3.63152E 0 1  
1 .3493FF-04 
9 .  t 3 0 5  4E-04 
8.88115E I70 
i .  6135tE-04 
2.12954E-04 
3.b4664E-18 

5 .e901 )E-3 4 
4.91638E 3 1  
4.9E 291E-O? 
2 .30494€ 0 3  
i .18041E 0 3  
5.084Z!E- l l  
1.20 4 5 9 9  -0 7 
2 .5t .5 iE  02 
1.55958E-41 
2.5656lE 0 2  
? . o l e b e €  0 0  
3.41263F-11 
1.15FPCE 0 3  

------------ 

5. 1 4 ? ~ 4 t - i  e 

ISOTCPE ------- 
p ~ t 4 e  
P M l 4 8 M  
sw141 
sw14e 
W 1 4 9  
S M l . 1  
EU152 
f U I  5 4  
FU155 
E M 5 6  
G O 1 5 2  
181 69 
7L208 

e1212 
P O 2 1 6  
RN2 20 
PA224 
TH22B 

U232 
U t 3 4  
uzzs 

P ~ Z  12 

CCMCENTRAT I C N  

8.3275r)E - 16 
1.201C7E-14 
I .C9719E- I7  
1.8226 5F -1 3 
2.1486r)F-13 
2 .E330R 31 
3.1241 1E-01 

2 . 1 2 5 3 V  01  
4.51949E-44 
2. C764IF - 1 5  
1-18 398E-1 u 
2.51 398E -05 
6 . 9 9 1 1 2 - 3 5  
6.99691 E-05  
6.99968E-05 
6.999bec-05 
6 .99969E-05 
1.0 2060E -0 5 
1.19 245E-04 
2.63983E-04 
?.i4114E-O6 

--------- ---_ 

i . z t 6 e 4 ~  01 

IS01 OPE --__--_ 
L Z ? t  
Ut  38 

h P 2 3 T  
P U 2 3 6  
F U 2 3 8  
PL2?S 
P U 2 4 0  
F t 2 4 1  

W 2 4 l  
A P 2 4 2  
w 2 4 2 n  
A C 2 4 3  
CP242 
c c 2 4 3  
CC244  
CM245  
CCZ46 
C P 2 4 1  
C M Z 4 B  
BM249 
C F 2 4 9  

~ ~ 2 4 2  

CONCENTRAT ION 

5.15S94E-05 
1.30430E-UT 
1.45724E-04 
1.42tZSF-03 
2.74632E 00 
1.6002 8F -01 
3.19S99E-02 
I .84412E 90 
2.61121E-C6 
2 .25434E-02 
2.78 133E -06 
2 . 7 9 5 2 l E - 0 6  
5.01299E-09 
2.  S505BE -06 
1 . 6 6 4 O l € - O l  
3.19245C-08 
4.31538F- 1 3  
6 -3890 I€-1 5 
2.0180BE -21 
4 . 4 9 C 8 E  - 2 2 

1.41C9OcI-23 

------------- 

3 . 2 2 z i e ~ - z 3  

TOTAL ACTIVITY 1.18 (Y aha U - m  HEAT GENERATION. watrthg U.236 
P r h w  2.11 01 
Qmma (1.62 00 

(D 



c e. c 

I 

..J 

w 
W 

I 

TABLE 1.30 
ISOTOPIC CONTENT [#/kg U.235) 
FUEL ASSEMBLY - 15 YEARS 

I SUlOPE CCNCENTP4flCN 

M 3  2.6219 ZE -0 4 
ME 3 5.889963 -VI 
4 1  u 3-81428Z 0 4  
GE 1 2  1.12164E-04 
GE 7 3  7.14361E-C4 

GE 76 1 - 3 2 3 1 0 E Y 2  

S E  17 2- 51 115: -02 
SE 78 6. I T  11 5 1  -02  
SE l$ 1.5242G;Ol 
SE eo 3 .66994t -01  
SE 82 1.43334E-Jl 
en e1 t . 2557Pi -11  
P R  85. 3 . 2 7 4 9 1 t  53 

SR 98 ., 1.14874€ 01 
SP 
SR 

-- ----- -- ------- -___ 

sc 14 i . a ~ o 8 5 e - 0 3  

A S  75 4. 424552 -3 

R P  87 7 . 9 2 2 1 ~  oa 

v 89 . 
t 9c 3. Z ~ T ~ E - C ~  
V 9 1  I - 5 1 6 1 6 i - 3 3  

1 R  90 6.40028E 00 
ZR 91 1.924C6E 91 

LR 93 4.2376UE 01 

I R  95  3.26S87i-27 
L I  96 2 . 1 5 5 9 a  C l  
NB 95 3.71 338E- 27 
NB 9511 2 - 2 8 5 9 3 2 - 3 5  
MV 9 5  2 . 2 0 9 5 1  01 
NO 96 1.2+SIZE-03 
MD 9 7  Z-QEb39E 01 
MO 9R 2.39321E 01 

7c 9 9  2 . 1 6 1 6 ~  V I  

LR 9 2  1 . 9 6 ~ r r ~  01 

LA 9 4  2.165111 01 

WC100 2.27251E 01  

P U l  00 5.816SOE-02 

n u 1 9 2  1.51795E U l  
RU103 1.13115t-4S 
I t 1 0 4  7.111WE UJ 
RU196 1 . 0 8 ~ 9 1 C - 0 5  
RW 03 2 . 1  1 4 1 I E -0 5 

R u101 1 . ~ 5 ~ 9 3 ~  01 

wiow z . i ~ i e b ~ - 4 e  

OF A N  OFFSll 

I S O l O P E  

RHlC6 
P 01 34 
PO105 
PO106 
PDlCT 
POlCB 
PO110 
A G I O 5  
AC110 
COllC 
C O l l l  
C O l l 2  
CD113 
CD114 
C D l  15M 
CO116 
I N 1  15 
I N 1 W  
SN116 
S N l l l  

S N l l 9  

SKI 21 fl 
SN122 
3 M 2 3  
SNl24 
SNlZ6 
S R l t l  
58123 

58125 
58126 

lE122 
l E 1 2 4  
T i 1 2 5  
fE12511 
1.5126 
T E l Z l  
7 E 1 2 l M  

l F 1 2 9  
TEIZPM 
l E l 3 n  

------- 

. s r a i a  
SN120 

s a1 24 

s a i 2 6 v  

r E i z e  

‘E 

CCNCtNTPAlION 

1 .77 i4sE-11 
1 .48218E-0  1 
3.115858 00 
1.5636iE O C  
7.92 138E-0 I 
3.E6417E-01 

------- ------ 

1. x e o C E - 0 1  
i . e a o i 5 ~ - 0 i  
5 - 1 5  19tE-1 C 
1.0116CE-01 
1.0822 9E-0 1 
1.9451CF-02 
8.263OOE-93 
1.402SsF-01 
1. i 2  5 2  !E-4 ? 
1.142 7CE-3 2 

4.65543E-SO 
5.94404E-03 
t . t l 4 6 S E - 0 2  
1 -8U 13 1E-3 2 
1 . 4 7 1 5 i E - 0 2  
7 . 8 2 4 0 X - 0 2  
3.U48l OE -0 5 
E. f 0 1 0  (E-02 

1 . 3 9 2 2 3 E Y l  
3 .?972lF-01 

1.Ot13SF-01 
1.43122E-34 
2.13868E-03 
1.61 ? 4  E - O S  
l .ZZIZ8C-11 
5.17199E-O 4 

I - 8 1 U 6 3 F - 3 1  
1. t 5 O l f E - 0 5  
t .35 136E-03 

Z.3t 5 2  1 E -  1 8 
1 .915796 00 

2 . 1  7 9 4CE - 5 5 
1.17927E 30 

5. e s i z  i t - 0 2  

4.13013 3 ~ - 1 6  

a. z 5 3 3 I E -3 z 

2 . ~ o o v e ~ - o 4  

a . z 8 0 5 3 ~ - t i  

i . ! 0 6 4 2 ~ - 5 e  

I SOTOPF 

I 1 2 1  
I 129 

XF131 
XE 1 3 2  
CS133 
CS134 

------ 

CS135 
CS131 
~ ~ 1 3 4  
RAIN 
8A131 
I A  137N 
81138 
LA1 3 9  
CElSO 
C E l 4 l  
C E 1 4 2  
C f l 4 4  
P P l 4 l  
PR 1 4 4  
OR1 44M 
NO1 4 2  
NO143 
hD144 
NO145 
N 3 1 4 6  
NO1 48 
NO1 50 
P Y 1 4 1  
P M l 4 8  
P f l l 4 8 N  
S P l 4 7  
SM1 40 
9 4 1 4 9  
SMl SO 
SMl.1 
S11152 
SM154 
E U l 5 1  
€ I t152 
EUl .3  
EU154 
EU1 s5 
G V l 5 2  

C ONCENTR4 T I  ON 

1.51748E-01 
1.37458E 00 
1.30641E-27 
3.8910SE-68 
3-17936E 3 1  
1.31140E-r)3 

2.110426 0 1  
3. 424OBE-01 
5 . 4 2 9 3 E - 0 2  
1.13742E 31  
3.21STZE-06 
3-31505E 3 1  
3.23695E J 1  
3.17367t 01 
2 - 8 2 9 1  ZE-55 
3.03093F 31 
1 . 0 ~ 6 5 E  -0 5 
2-9967s; 0 1  
4.618935-10 
2.3394 ZE - 1 2  
1.11373E-02 

Z.E9096€ 91  
2.0193SC 01 
1.56@5lF 31 
9.12715C 00 
3.53604F 00 

1.2081OE-41 
1.34121E-45 
1.05382E 01 
6.0289ZL-01 
8.94428E-31 
6 .016OTE 00 
1.03164E 00 
2.4116M 00 
1.29244E-01 
1.3S712c-31 
1-01 16 It-0 3 
1.104335 00 
2.0264q8 - 0 2  
1.33539E-02 
9.31291E-05 

-__-_-- ----- 

4 . ? z i e a ~  30 

3 . 5 ~ 8 1 3 1 ~  UI 

1 -35029E-01 

ISCTCPE 

CC154 
GO155 
601 56 
GO157 
COl’8 
6 C l 6 0  
1 8 1 5 9  
T R l t O  
CY160 
O I l 6 l  
O V l 6 2  

------- 

T u o a  
p a  za a 
F a z i z  
P I 2 1 2  
PO2 16 
P hZ 20 
RAZt4 
1+228 

U2 32 
U234 
Ut35  
U2 3b 
U 2 1 8  

hF237 
PL236 
PU238 
PUZ 3 9  
PU240 
PU241 
PLZ42 
n w t 4 i  
nr242 

ncz43 
Afl242M 

C P Z 4 2  
CM243 
CY244 
CP245 
CMZIC 
C c 2 4 l  
C P 2 4 8  

CF249 
ea 2 4 9  

CONCEFlfRAl ION 

5 -6 148OE -0 2 

2 - 4 5  156E-01 
2. 49260E -03 
6.83329E-02 
3.35 41 5E - 03 

5.7C306E- 30 
1.45579E-04 
8.96486E-94 
4.8’197 X - 0 4  
1.75e6EE-13 
2.03182E-01 
I .03142€- 10 
9. 83959E -12 
4.13 53 E - 1 6  
1.56273E-13 

--------- ---- 
1-32 13 aE -vi 

8.25821€-(~3 

9 . ~ 1 4 9 5 1 ~  - io 
I. 1 5 e e ~  -07 
6.91109C-06 
L 2 2 6 9 8 t - U Z  
1 .S000M 00 
8.90485€+1 

2 -0617 4E -01 
2.3605 3E -01 
1.48278E-01 
2.51437F ( 0  
1.4041 6E-01 
1.14065E-02 
6 . 9 9 9 2 J E J 4  
1.3276!X-02 
3 -2861 4E- 1 2  

~ . ~ B O B X - U I  

z . ~ 4 e 5 + ~ - l i i  
z -50 $5  IE - o e 
6.65S93E-10 
2 .5282TE-OS 
2.69  17 6E- 10 
2.542l lE-12 
2.01697E- 1 4  
2 -2404 3E -11 
1.0S155F -1 9 
6.0902 1E- 30 
3.55 511a~-24 

._ 
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. TABLE 1.39 
ISOTOPIC CONTENT (Cikg U-2351 OF AN OFFSITE 
FUEL ASSEMBLY - 16 YEARS 

IS3TOPE 

H 3  
SE 10 

SR 89 
SP 9u 
I 90 
V 91  

ZR 93 
I R  95 
NE 95 
NB 95M 
TC 99 
RU103 
PU1 Ob 
RH103M 
RHlOb 
PO1 01 
A61 10 
CD115H 
t N l 1 5  
I N115H 
S N l Z l M  

------- 

R e  a i  

CONCENTRI I I O N  

2.54034E 30 
1 - Ob 33 3; -02 
6.93818E-01 
3.8431 li -33 
1 . 1 8 U K  0 3  
1.18349E 0 3  
3.11631E-26 
1.T1161€-01 
6.85990E -23  
1. 419UTE-22 
8.T1204i-25 
3. t6418E-Cl 
3.54952E-41 
6.31465E-02 
I - lVbUlE-41  
6.31465€-02 
4.01RO48 -04 
2- 13065i -06 
3.12 186€-39 
3.bb896E-13 
2.R21SY-43 
1.80319E-03 

_____-_------ 1 SOTOPE 

SN123 
SNl26 
58124 
S8125 
SBl26 
SR126M 
TE125Y 
1 E l t l  
T t l t l M  

1129 
C f l 3 4  
CS135 
CS131 
e1131w 
CE142 
CEl44  
PRl44 
PR144M 
NO1 44 
P M l 4 l  
PMl48 

___-___ CChCEhTRlTlCh 

3.40 19OE-12 
5.63 84 6 E  -0 4 
i .  5 0 5 4  i E - 3 0  
2 .81 12 5c OC 
1.3453PE-04 
5 I t 3 e 4  c E-0 4 
l -U1113€-0 1 
i. 1FCFiE-14 
2 a 2 1  4E-15 
5.8901 3E-04 
1.6955tE 0 0  
4.9829OE-03 

l.T?19€8 0 3  
1.20460E-OT 
?. 4922  E-02 
3.492398-02 
4.19019E-04 
L 4 i Z l X - 1 1  
1.2SPbCE 0 2  
1.5€59tE-42 

- ---------- -- 

i . e 3 ~ 8 4 ~  u3 

1SCTr)PE 

PM14BM 
SC141 

St4149 
SM151 
t u 1 5 2  
E U I  54 
PUl55 
C01S2 
T 81 60 
T L t O 8  

BIZ12 
PO216 
9N2 20 
R A Z Z 4  
T HZ 28 

U232 
U234 
U235 
W 36 

------- 

snice 

P n z i z  

CGNCENTRITION 

i. @1956E-41 

1.82265E-13 
2.1486BF-13 
2.629445 0 1  
1.83235F-01 
5.4166lE 00 
6.42434F 00 
i. C364E-  1 5  
1.10592E-25 
5.17859E -05 
1.44 1 3% - 3 4  
1.4413 JE-04 
1.44133F-34 
1 -44133€-O4 
1.44133E 4 4  
1.44156E -,J4 
1.48 S 1 1E -0 4 
2.6391 5E -04 
?. i4115E-06 
5.1S994f-05 

- -- -- -- -- --- 
2. ~ 9 e i  tw-ui 

1 SO TOPE 

LZ 38 
NP231 
PUZ 36 
PL238 
PU239 
F U Z W  
PU241 
PV242 
AM241 
A M 2 4 2  
L?242M 
L W 4 ?  
C Y 2 4 2  
CP243 
CM244 
CP245 
CP246 
CM241 
Cb248 
8 1  249 
CF249 

------- 

rOTAL ACTIVITY 7.31 03 Clhp U.236 HEAT GENERATION. *nllslLp U-236 
P r h r y  1.40 01 
Gmme 8.18 00 - .......... 

C3NCENTRI TlON 

1.3043OE -01 
1.451232-04 
1.25 400 F -0 4 
2.53113E 00 

3.19ZbZE-02 
1.1508lE 00 
2 -61  11 1E-0 6 
4.55 68 4E -02 
2.6513%-Ob 
2.6106lE-06 
5.0d€2 TE-C'I 
2.20409E-06 
1 .3048J84T  
2.17124E-C8 
4.31519E-13 
6 - 3 1  961E -15 
2 - 0 1  80 BE - 2  1 
4.490168-22 
1-01 51 3E -26 
1.45 S I  5E- 2 3 

i . s 9 9 e z ~ - o i  



TABLE 7.32 
ISOTOPIC CONTENT (glkg Pu) OF PLUTONIUM-2% 
SCRAP - 5 YEARS 

I S O T C P E  C C N L E h l A A l  ICh I S O l O P E  LCLCENIWAI  I L N  _-__ -------- I SOTOPE CONCENTRATION 

3.2 5 3 ? 6E- 17 b 2 3 2  9 .14514 t -C7  TL2OR 1 .38175E-14  F C 2 1 6  
P 9 2 0 8  3.06683E-09 R h 2 2 0  1.2284OE-14 PU236  4.792 42E-0 7 

7.1 1 3 4 8 t -  1 I PJ238 1 .12523E C C  P B Z I Z  8.151 1IE-12 RA224  
91212 7.7307OE-13 l h 2 2 b  1.36764E-CB PiJ239 3.222 1 2 t - 0  1 

__-__ -------..- ---I-- 

TABLE 7.33 
ISOTOPIC CONTENT lCi/kg Pu) OF PLUTONIUM.238 
SCRAP - 5 YEARS 

I SCTOPE CONCEYTRATIW J SOICPE CCNCE~TRAIIC~ i ,cruPb L C ~ C E ~  IEATILN 

P B L l Z  I - 13 244E-CS ~ ~ 2 2 4  1.13297E-CS P J 2 3 d  1.92578E C l  
9 1 2 1 2  1.13239E-05 l b 2 2 . 9  1.137?1E-C5 P U 2 3 9  2.cc2 74E-02 

---_ -------__ --I- ---- ---- ------ 
T L 2 0 8  4 .06861k -06  Rh22O 1.13217E-C5 P U 2 3 6  2.5455 I € - 0 4  

PO216  1-13297E-05 L232 1.9tS23E-C5 P U L I 0  2 . 1 C I  49E-C2 

-_....I--- ---_ - 
TOTAL ACTIVITY 248 01 Cthp Pu HEAT GENERATION, lmhp Pu 

P r i r n i r ~  6.00-01 
G m m  1.86-04 

ISGTCPE 

PLi24C 
P U 2 4 1  
PU242  
AM241  

---- 

I S b l U P L  

P b 2 4  I 
PU242  
AM24 1 

---- 

C t h C E N l R A l 1 C h  

1.18U15E-01 
5.38194E-02 
3 - 042 26 E-0 2 
1 - 2 7  11 5 5 0 2  

----- 

LLNCEtd7FlAl  I C h  

f .435S4E c c  
I - 1 6 1 0 4 E - 0 4  
4.36290E-02 

-- 

TABLE 7.34 
LSOTOPIC CONTENT (phg Pu) OF PLUTONl l lM  -238 
SCRAP - 15 YEARS 

I SOTOPE CONCENTRAr laN I S C l C T E  C C h C E h l R A l  I C N  ISOTOPE CChCEh I R A I I C N  ISOICPE C C h C E k l R A l I C h  

TLZOB 3.132 5 4 t -  I C  PCZ 16 7 - 3 1 2 5  7E- 17 U 2 3 2  1.23252E-06 PLZ4C 1.1869OC-C 1 
PB2OR 3.32 8 5 6 t - O B  R h Z Z O  L . i e 3 5 i ~ - i 4  P J L A b  4.213t6E-OU P U 2 4 1  3.36229E-02 
P 8 2 l 2  1 .847ESE- I1  R A z 2 4  1.6 1 1 9 0 E - I C  PU238  1 .03S i7E  C O  P u 2 4 2  3 . C 4 2 i l E - 0 2  

3.2ZIEO&OI AM241  3 - 2 5 9 1 7 E - 0 2  81212 1.75 2 6 IE- I 2  l h 2 2 8  3.13287E-EB P U Z d 9  

------- ----a- --- --- --- ---- -- _I_-- 

T A B L E  7.35 
ISOTOPIC CONTENT (Cikg Pu) OF PLUTONIUM-238 
SCRAP - 15 YEARS 

I S C l O P E  CONCENTRATION ISCTCPE CChCEh lRAT 1Ch I S O l O P E  L C h C E N l R A l I C N  1SGTCPE C C h C E N l R A r l C N  

T L Z C 8  9 .224036-06  R L i i O  i - 5 6 7 2  BE-CS PLJ236 2 -23845E-CS P L 2 4 I  3.3925?E OC 
P 8 2 1 2  2 - 5 6  1 2 3 t - 0 5  RAL24  2.5672BE-CS P u t 3 8  1.7?912€ 0 1  PU242  I. 16 1 O Z E - 0 4  
B I Z 1 2  2.56 122E-05  1 k i L i i  2.56171E-CS P u t 3 9  2.oa2 m - t 2  A W ~ I  1 .11863E-01  
PCZ 16 2.%728&05 Li32 i - 6 4 8  f4E- C 5 P U 2 4 0  2 .698 t4€ -02  

------- --------- ------- ---A_-- --- --- -- -- 

._.-I.._ 
TOTAL ACTIVITY 2 13 01 Cdkp Pu HEAT GENERATION, rntuhp Pu 

PnlMq 5.94-01 
Cmm 1.81-04 

_-I- 

TABLE 7.36 
ISOTOPIC CONTENT (gAg Pu) OF PLUTONIUM-ZJB' 
SCRAP - 5 YEARS 

I SOTOPE CONCENTRATION ISOTOPE C C N C E k l R A l l C h  I S O T L P E  C C h C t N l R A l I O N  I S O I G P E  C G h C E N l R A I I C N  ---- ------ -- --e--- -- ----- -- --- 
1.1124ae-oi TL2OB 1 .54557E-20  P C i  16 3 .C i i 4BE-23  U 2 3 2  1 .C23 i 3 E -  12 P U 2 4 0  

P 8 2 0 E  3.43 132E- I 5 a h 2 2 0  1.3 7 4  3 SE-20 P U 2 3 b  5.362CIE-13 PU24  I 1.14603E-03 
7.95854E-11 P J 2 3 8  1.561 I l E - C 6  PU242  5.01 3SCE-0:  P 8 2 1 2  9 .11990E-18  n m 4  

8 1 2 1 2  8 -64 9 53E- I Y 7C228 1.5525bE-14 P U 2 3 9  1.875CbE-01 AM241  i . 7 0 3 7 6 k C 4  

- 7 . 3 5  - 



TABLE 7.37 
ISOTOPIC CONTENT lCi/kg Put OF PLUTONIUM-239 
SCRAP - 5 YEARS 

I SOTOPE CONCtNTkAT !ON I S C T C P E  CLNCEhTRAllCh I S U T L P t  C C h C t h l R A l l C N  _------ --------- ---- ---I--- ------- ------- 
rizoa 4 -55225E- 12 kh220 1.26762E-11 PL123u ~ . E ~ I ~ : C E - I C  
PB212 I .26 7 04E- I1 RA224 1.26763E- 11 P JL38 2.611 €8+05 
8 1 2 1 2  1.26 6 98t-  1 1 ThZ28 1.27248E- I1 PUL3Y l . l b S i 4 E - 0 2  
PO2 la 1.26 7 62 E- I 1 L 2 3 i  2.1SBBOE-11 PUZCO 2.52944E-03 

STEP 1 E X f L U T t D  A i  S P E C I F I t D  

._._..___._I__.__-________________._____---------.--- 
TOTAL ACTIVITY 1.31-01 CiRp  Pu HEAT GENERATION, WWtShp Pu 

Rimrry 4.75 -00 
Grmmr 2.82 -07 

----..------ 

TABLE 7.38 
ISOTOPIC CONTENT ( p h g  Pu) OF PLUTONIUM.239 
SCRAP - 15 YEARS 

ISOTOPE C3NCENIRATION lSCTCPt  C C h C t h l R A l  I C h  ISOTUPt  CCNCtNlRAl lON 

~ 1 2 0 1 3  3.50486f--23 F C i  It L - 2 4  S24E- 23  U232 1.379C It- 12 
p e 2 0 8  3.724 1 8 t -  1 4  RhZZO ?. 114 35E-20 PU236 4 - 7 1 4  46E- 1 4  
p e z  12 2.0674TL- 1 7  R A i i 4  1 .EO34 7E- I t  P1123U I.442 l9E-06 
B I Z 1 2  1.9609LE-18 i rzze  3.50523E-A4 PU239 1 A 1 4  5 2 E - C l  

--e-- ----------- ----- ------- ---- --- 

TABLE 7.39 
ISOTOPIC CONTEWT ICikp Pu) OF PLUTONIUM-239 
SCRAP - 15 YEARS 

I S L l C P t  C i h C E 4 1 R A l l C h  

1 .15624 i -C1 PLi241 
P U S 2  1.91353€-C7 
AM241 5.2 BO COE- 04  

-- ------- 

ISUTCPE CGNCENIRATlCk 

1. I I l 3 I t - C i  PLZCC 
Pb2 4 1 1.15169E-04 
PU242 5.01389&05 

6 932 33 E- 0 4  A U 4 A  

--- -- 

I SOTOPE CDNCENTRATICN ISCTCPE CChCENTRAT ICN I SOT OPt CCkCEh I R A 1  1 OU I S U l C P t  CUNCENIPATICk 

l L 2 0 8  1.032 O3t -1  I Rh22O 2.8724 L E - 1 1  PU23b 2 -50449E-11 P L 2 4 1  
PB212 2 .E72 35.5- 11 RAZZ4 2.E7241E-11 PJL38 2.468S4€--05 PbZC2 
8 1 2 1 2  2.872 3 5E- 1 I T h i 2 B  i. e 7 2 8 9 ~ -  I I  PUZ39 1.164 Z 1E-02 A M 2 4  I 
PC2 16 2.87241E-11 c 2 3 2  2 .Y6333E- I1  P J Z I O  2.52611E-C3 

------ -----I - --- -- -- _I_ --- 
1.2 1 5 4  I t - C i  
1.91350E-G7 
2 - 3 7 9 3 t  E- C3 

STEP 1 t X E C L l t O  AS SPECIFIEC 

TOTAL ACTIVITY 8.87 -02 Cihg Pu HEAT GENERATION. w m k p  Pu 
P r i m v  5.22 -00 
G a m a  4.81 -07 

e 





8. EFFLUENT CONTROL AND ESTIMATED RELEASES TO THE 
ENVIRONMENT (W. L. Marter) 

8.1 Effluent Cont.ro1 - 
8.1.1 General 

Defense waste processing must be designed and operated in 
such a manner that liquid and gaseous effluents meet established 
standards for releases of radioactivity to the environment. In 
adapting these standards for a specific aspect of operations, such 
as waste solidification, it must be recognized that releases of 
radioactivity will continue from other operational activities at 
SRP, i.e., the release of radioactive materials must be appor- 
tioned to all existing sources on the plant site. These include 
the normal releases from operating areas as well as migratory 
losses from existing seepage basins and burial grounds, and pos- 
sibly the release involved in decomissioning production facil- 
ities. 

8.1.2 Regulatory Aspects 

See Section 11. 

8.1.3 SRP Operating Standards 

The Savannah River Plant currently operates under a Technical 
Standard for release of radioactivity from the plant site. This 
standard does not specify amounts of radioactive nuclides that can 
be released in gaseous or liquid effluents, but rather, limits 
releases such that the annual exposure to an offsite individual 
will not exceed the limits shown in Table 8.1. 

Again, these dose limits apply t o  all releases from all oper- 
ations at SRP and ,only-a portion of the limits could be assigned 
to a waste processing facility. No simple formula can be provided 
that enables .the direct calculation of the amounts of individual 
radionuclides that can be released and yet remain within the tech- 
nical standard. It is necessary to determine the identity of 
nuclides to be released, the amount of release, and the mode of 
release, i.-e., gaseous or liquid. From this information, environ- 
mental dose commitments can be calculated .and a judgment made as 
to acceptability of the .releases. This analysis provides the 
contribution to environmental dose from each radionuclide by each 

- - 
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mode of r e l e a s e  and thus would serve as guidance i n  determining 
those aspec ts  of e f f l u e n t  con t ro l  t h a t  might r equ i r e  improved 
performance . 

, 

8.1.4 Seepage Basin C r i t e r i a  

Current DOE pol icy  121 s t a t e s  t h a t  es tabl ishment  of new 
seepage bas ins  i s  t o  be avoided t o  avoid accumulation of radio-  
a c t i v i t y  i n  s o i l ,  un less  the r a d i o a c t i v i t y  (1) i s  r e t r i e v a b l e ,  
o r  ( 2 )  does not bu i ld  up above an acceptab le  l e v e l .  F i s s ion  
products  i n  bas ins  c u r r e n t l y  i n  use at SRP a r e  not reasonably 
r e t r i e v a b l e  because of d i s p e r s i o n  through l a r g e  amounts of s o i l .  
The "acceptable  leve l"  f o r  bui ldup of r a d i o a c t i v i t y  i n  s o i l  has 
a l r eady  been exceeded i n  many bas ins  from the  s tandpoint  t h a t  
bas in  s i tes  cannot be re leased  fo r  u n r e s t r i c t e d  use a t  time of 
seepage bas in  decommissioning. 

The cur ren t  c r i t e r i a  f o r  use of seepage bas ins  r equ i r e  
t h a t  the r e l e a s e  of f i s s i o n  products ,  a c t i v a t i o n  products ,  ura-  
nium, and thorium be l i m i t e d  to the lowest practical level con- 
s i s t e n t  with sound waste management p r a c t i c e s .  Transuranic  re- 
l e a s e  l i m i t s  a r e  s e t  as low as p r a c t i c a b l e .  A t  most, r e l e a s e s  
must be lower than va lues  l i s t e d  i n  Reference 3 t o  avoid bui ldup 
of rad ionucl ides  i n  the  s o i l .  Except i n  seepage bas ins  a l ready  
exceeding the  re ference  va lues ,  the i n t e n t i o n  of the l i m i t  in 
t r ansu ran ic  concent ra t ions  i n  s o i l  is t o  avoid the  need f o r  s o i l  
removal upon decommissioning of seepage bas ins .  

v a t i n g  the  P and C Areas seepage bas ins  i n  1979. Consequently, 
t he  r e fe rence  process assumes t h a t  the  a c t i v i t y  l e v e l s  i n  aqueous 
e f f l u e n t s  w i l l  be reduced t o  the lowest p r a c t i c a l  l e v e l  and t o  
l e v e l s  w e l l  below those concent ra t ions  prescr ibed  f o r  r e l e a s e  t o  
u n c o n t r o l l e d . a r e a s  [41. 

The seepage bas in  c r i t e r i a  were used as the  b a s i s  f o r  r e a c t i -  

8.2 Estimated Releases t o  t h e  Environment 

The annual d i scharge  of r a d i o a c t i v e  contaminants t o  the  
atmosphere and p lan t  streams was  es t imated.  Tables 8 . 2  through 
8.10 summarize these  d a t a  f o r  5-  and 15-year-aged feed t o  the 
DWPF. Table 8.11 compares these  est imated releases t o  1978 SRP 
releases. O f f s i t e  dose c a l c u l a t i o n s  from the es t imated  DWPF 
r e l e a s e s  were not completed at the  time t h i s  document w a s  i s sued .  
However, f o r  comparison purposes,  the o f f s i t e  dose from the pre-  
v ious ly  est imated DWPF r e l e a s e s  (DPSTD-77-21, which a re  g r e a t e r  
than the cu r ren t  e s t ima te ,  i s  compared t o  the o f f s i t e  dose from 
SRP 1978 r e l e a s e s  i n  the  fol lowing two paragraphs.  
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O f f s i t e  dose from 1978 SRP a tmosphe r i c  releases was 112 man- 

Par- 
The o f f s i t e  dose 

r e m  ( c a l c u l a t e d  w i t h  NRC GASPAR code f o r  t h e  80-km p o p u l a t i o n ) . "  
Approximately 92% o f  t h i s  p o p u l a t i o n  dose was from t r i t i u m .  
t i c u l a t e p  only.  accounted f o r  0.86% of t h e  dose .  
f o r  t h e  e s t i m a t e d  DWPF releases was 0.124 man-rem w i t h  approx i -  
m a t e l y  75% from tritium and 25% from p a r t i c u l a t e s .  
o n l y  0.11% of  t h e  dose from normal SRP releases and i s  judged 
a c c e p t  ab1 e. 

Th i s  dose i s  

O f f s i t e  dose from 1978 SRP aqueous releases was 16  man-rem 
downstream from SR.P ( c a l c u l a t e d  w i t h  NRC LADTAP code)  .* 
accounted f o r  78% o f  t h i s  dose .  Although DWPF releases would cause  
a p o p u l a t i o n  dose o f  4 .7  man-rem, a 29% i n c r e a s e  of t h e  dose from 
normal SRP r e l e a s e s ,  t h e  p o p u l a t i o n  dose would s t i l l  be on ly  0 . 0 2 I  
of  t h e  dose  from n a t u r a l  s o u r c e s  t o  t h e  p o p u l a t i o n  groups cons id -  
e r e d .  Dose t o  an i n d i v i d u a l  from consuming 2 l i t e r s  of r i v e r  water 
p e r  day would be 0.13 m r e m  from DWPF releases and 0.35 m r e m  from 
SRP 1978 releases,  a t o t a l  of 0.48 m r e m ,  w e l l  w i t h i n  t h e  4 m r e m  
l i m i t  s p e c i f i e d  by t h e  EPA** f o r  p u b l i c  d r i n k i n g  water s u p p l i e s .  
The a n t i c i p a t e d  DWPF releases t o  l i q u i d  e f f l u e n t s  are t h e r e f o r e  
judged a c c e p t a b l e .  

T r i t i u m  

TABLE 8.1 

Savannah R ive r  .P l an t  Annual Exposure O p e r a t i n g  Guides 

Dose L i m i t ,  
m r  em/  y r  Type o f  Exposure 

Whole Body 10 

Gonads 10 

Bone Marrow 10 

G a s t r o i n t e s t i n a l  T r a c t  30 

Bone 30 

Thyroid 30 

A l l  O the r  Organs 30 

* Doses p r e v i o u s l y  publi 'shed i n  PTDS #2 were c a l c u l a t e d  w i t h  SRL 
computer codes and w i l l  d i - f f e r  s l i g h t l y  from t h e s e  doses  cal-  
c u l a t e d  w i t h  NRC computer codes .  

** N a t i o n a l  I n t e r i m  P r i m a r y  Dr ink ing  Water R e g u l a t i o n s ,  40 CFR 141. 
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TABLE 8.2 
ESTIMATED 

lSOTOPE 

ANNUAL AQUEOUS RELEASES TO THE ENVIRONMENT - 5 YEARS 

TOTAL ESTIMATE0 RELEASES (Ci) 
Tritium 9.95 02 
Fission Products 2.6744 
Uranium 1.87-11 
Transuranics 1.34-06 

CURIES 
4 . I O U ' t 4 t - l 4  
2 .06ObYE-05 
5.9200 L t - Z U  
R .596L3 t- 19 
1.67e5OE-ls 
4.794YSE-21 
1.486LYE-21 
2 . O l O Z S E - C  1 
1 . 1 4 3 1 8 E - 0 9  
5.163 I t € - 0 1  
4 - 0 8  12OE-07 
4 . 3 5 l b l E - 4 l  
Y .54227E-16 
4.42Yb4L-21 
6 . 5 1 4 9 9 t -  I 7  
1.32594E-1.2 
4 . l I Y 3 9 t - 2 1  
4 .23619t -12  
5 .02004E- I6  
I .32>OT'E-I1 
4.37OL7E-14 
9 . 4  789 ZE- I3 

E - E E  
b2 38 

N P Z 3 6  
NP2 3 1 
Ptl2 36 
P U 2 3 1  
PUZ 38 
PU23Y 
PU240 
PU24 1 
Pb242 
AH24 1 
A H 2 4 2  
AH242H 
A H 2 4 3  
C H 2 4 2  
CH243 
6 M 2 4 4  

C H 2 4 6  
c u t 4 7  
CH218 

~ ~ 2 4 5  

CURIES 
2 . 4 0 7 2 W i 1 ?  
I .  4 3 C O I E -  17 
7.292 I O f - 1 2  
5 . 1 6 Y B Z E - I  1 
3.11283E-2 I 
6 -210  26E-07 
5.845 IYE-0 9 
3 -65362E-05 
6 9 4 5 8  I E - 0  7 
4 - 9 2  I 1 OE- 1 2 
8.94853E-09 
I.lRl03E-I I 
1.18695E- 11  
4.76992E- 12 
Z.69898E-11 
4.59448E-12 
1.3413 I€- IC 
5.496 18E-I  5 
4.3e160E-16 
5 - 3 9  3 7 LE- 2 2  
5 - 6 32 5 2 E-2 2 
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TABEL 8.4 
ESTIMATED ANNUAL ATMOSPHERIC RELEASES TO THE ENVIRONMENT - 5 YEARS 
SOURCE - SANO FILTER STACK 

ISOTOPE CURIES ISOTOPE ------- 
PH 144H 
140164 
PW 147 
Pa148 
PUl4RN 
S H l 4 7  
SH148 
5?(149  
S+I l ! iL 
E U I S Z  
EU154 
EcilS!J 
ELI150 
1 U 160 
T L Z 0 6  
TLLOT 
TLZOM 
T L Z O Y  

U232 
U 2 3 3  
U t 3 4  
11235 

^__._____.____ ~ - .... --.. 
TOTAL ESTIMATED RELEASES (Ci) 

Tritium 2.81 01 
Fission Products 1.18-01 
Uranium 3.4 1- IO 
Transuranics 2.45-05 

~ .-...... __ .... ~ ...... -. 

CURIES 
I. 7 a 4 3 9 ~ - 0 6  
7.27C93E- 18 
3 . 6 5 4 0 4 E - 0 4  
I .0512 7L- L e  
1 .'i2429E- I 7  
2.88 16 7E- 14  

2.6355 IE-20  
3.56460E-06 
5 .74 '133E-08  
F.44420t -06  

a . 5 0 2 4 3 ~ - 2 0  

r . 4 r 6 0 9 ~ - 0 6  
i .$ lor  ZE-40 
1.6Y204E-14 
6.87286E-26 
1.OLOlSE-15 
1.591MOE-11 
6.48456E-20 
7.74863E- 1 I 
9.18239E- 15  
2.42006E-LO 
i.093aa~-i 3 

ISOTOPE _--____ 
b 2 3 6  

NP236 
N P 2 3 7  
PU236 
PU237 

PU2 39  
PU24O 
P U 2 4  1 
PU242 
AH241 
AH242 . 
AM242H 
AH243 
c n 2 4 z  
CM243 
c n 2 4 4  
c n 2 4 5  
CH246 
LU247 
CHZ48 

42 38  

p u 2 3 a  

CURIES 
i .  i 3 3 e 3 ~ - i  i 
4.40329E-I2 
2 . 6 2  JOZE- 1 6 
1 . 3 3  38 3E- 1 C 

6.91689E-20 
1.138SSE-C5 
1 .OT 16ZE-0 7 
6.172C I E - O E  
1 * ZT340E-05  
9.02314E-LI 

2 .  16027E-IO 
2.171 LO€-1 0 
8 - 1 2 4 8 3 E - 1 1  
5.302 66E- I C  

2 . 4 6 4 4 3 E - 0 9  
1 . 0 0 5 4 4 E - 1 3  

9.86 5 9  1 E- 2 1 
1.03027E-20 

~ . ~ T ~ O I E - L O  

I . 6 3 6 a z ~ - o  I 

e. 4 0 3 9 7 ~ -  I I 

e.o255e~-i5 
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TABLE 8.5 
ESTIMATED ANNUAL ATMOSPHERIC RELEASES TO THE ENVIRONMENT - 16 YEARS 
SOURCE - SAND FILTER STACK 

If 

I €  
I 

CS 
C 5  
C S  

rt 

e a  
cr 

CURIES 

TOTAL ESTIMATED RELEASES (Ci) 
Tritium 1.60 01 
Fission Product: 8.55-03 

Transuranics 1.9045 
Uranium 6.76-10 

~ _._.- .... ............. 

CURIES 
2 e 5C 706t-  4 5  
3 . 5 3 5 1 3 t - 4 4  
3.7202 3E - 14 
@ ,50243E-20 
2.6355LE-20 

3.37208E-08 
4.21591E-06 
1.76233E-06 
1 .C4892E-29 
2 . 2 9 6 3 9 t - 2 4  
2 . @ 0 4 9 3 E - 1 5  
3.40407E-I  1 
2 .q52V4C- 19 
1 -0Z486E-IO 
1.50016E-14 
5.5171bE-10 
7.993UBE-13 
1 . 7 3 5 8 4 L - I l  
4 . 4 0 3 2 9 E - 1 2  

------------ 

3 . ~ O ~ G L E - O ~  

ISOTOPE ___--_- 
NP236 
k P 2 3 7  
PU23b 
P u 2 3 1  
PUL 3 A 
PbZJV 
P U 2 4 0  
PU24 1 
PUZ42 
A M 2 4  I 
4 1 2 4 2  
~ ~ 2 4 2 ~  
4 ~ 2 4 3  
C H 2 4 2  
cnz4 3 
CM244 
C H 2 4 5  
C M Z 4 6  
c w 4 7  
Cl4248 

CURIES I 

Z .622E 1 E -  l e  
1.33793E-k0 
8.33336E-11 
5.5420 LE-4 4 
1 .052CeE-05  
1 - 0  7 I 3 I E-0 1 
6.164@6€-0@ 
1.94656E-06 
9.02304E-11 
3 . 2 2 3 4  2E-07 
2.0635 It- LC 
2 .  G 7 4 3 ZE- 1 c 
P.7166SE-I 1 
1.71192E-10 

1.6A06SE-09 
I .  00462E- 1 3 

9.R6590E-21 
1 . 0 3 0 2 1 E - Z C  

~ . ~ ~ F ~ I E - L I  

a . 0 1 3 8 3 ~ -  I 5 
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TABLE 8.6 
ESTIMATED ANNUAL ATMOSPHERIC RELEASES TO THE ENVIRONMENT - 6 YEARS 
SOURCE - REGULATED FACILITY VESSEL VENT 

ISOTOPE CURIES ISOTOPE CURIES ISOTOPE ------- -_ - _ _  - - - - - - - - - - - - - - - ------- --------__--_ 
h 0 1 4 4  
PM14? 
PIy l4M 
PU14fl1-4 
SI4 I 4  7 
3 ' 1 4 8  
SI4149 
S M 1 5 1  
E b l 5 2  
t U 1 5 4  
E U L ' J S  
EJLSL, 
I U 160 
rLZU6 
I C 2 0  7 

TOTAL ESTIMATED RELEASES (Ci) 
Tritium 3.91 00 
Fission Products 2.16-05 
Uranium 1.42-13 
Transuranics 192-10 

CURIES --- ----- 
J .0356@€-20 
I -52560E-06 
4 e389 13E-2 1 
6 -364 IOE-LO 
1 . 2 O > 6 4 E -  16 
3 . 5 4 5 8 4 E - 2 2  
1 .10036E-22  
1.48826E-C8 
2 .391AJE-11  
3.92dF6E-OY 
3.1 IG19E-OY 
3 - 3 1  596E-43 
7.06449E- 17 
I e49373E-27  
2 -2 1 7  1 I t-  1 7  
3 - 4 5 9 5  I € -  1 3  
1.40934E-21 
4 .22356t -14  
3.82OO76- 1 P 
1.00679E-I3 
3.32560E-16 
1 . 2 1 3 0 5 t - 1 5  

ISOTOPE 
- -- - --- - 
b23P 

NP236 
N P 2 3 7  
PU236 
PU237 
PUZ 38 
PU2 39 
PU240 
PU2* 1 
P W 5 2  

AM242 
n u 2 4 1  

nu24214 
~ ~ 2 4 3  
CU242 
CU243 ' 

CM244 
CU245 
CM246 
CMZ4 1 
CM248 

CURIES ---- --- 
I .e3 I FCE- I5 
I .09122E- IF 
5.5489 7E- 1 4  
4.14948E- 15 
3.466C8E-25 
5 .105  3 t E -  I I 
5.3h995E-13 
3.39349E- 1 3 
6.38lCt3E-I 1 
4 - 5 2  L53E-16 
6 -80950E- I I 

9.03225E- 1 4  
3 A 2 9  13E- I 4  
2.20600E- 1 3  
3.4962 ZE- 1 4  
1.02525E-12 
4.16284E-11 

4 0 1 0 4 3 9 E - 2 4  

n .98 I I AE- I 4 

3 . 3 3 ~  7 9 ~ -  i e  

4 .  2 a 6  1 I E-24  
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TABLE 8.7 
ESTIMATED ANNUAL ATMOSPHERIC RELEASES TO THE ENVIRONMENT - 16 YEARS 
SOURCE - REGULATED FACILITY VESSEL VENT 

CURIES ISOTOPE 

PHL47 
Si4147 
511148 
Sa4 149 
S H l S l  
Ell152 
t U L 5 4  
t u 1 5 5  
1L)LbO 

r ~ 2 c 7  
r u o 8  

------- 

r L Z 0 6  

1 L209 
L 2 3 2  
J L 3 3  
r ) Z  1 4  
u 2 3 5  
U236 
U230 

ISOTOPE _____-- 
N P Z j b  
N P Z 3 1  
PUZ36 
PL123e 
YL239 
PUZ41) 
PI.241 
I ' U 2 4  2 
A H 2  4 1 
AH242 
Al4242H 
AH24 3 
CHZ42 
i n 2 4 3  
CH244 
CH245 
CW246 
LMZ4 I 
cn2'le 

CURIES 

i . u 9 1 1 6 t - l 5  
5.574 36E- 1 4  
4.175886-  16 
5.21203E-11 
5.368 4OE- 1 3 
J.38989E- 1 3  
4.52 3 .98207E-11 I 48E- 1 d 

I .  34 I O  L E -  1c 
8.586:  3E- I 4  
8.62959E-14 
3.626!LE-L4 
7.12198E-14 
2.1414CE- 14 
6.99204E-13 
4 .  I7942E- 1 7  

4 .  LO43OE-24 
4 .286 10E- 24 

-------I--- 

3 . 3 3 3 8 9 ~ -  t e  

TOTAL ESTIMATED RELZASES (Ci) 
Tritium 2.25 00 
Fission Roducls 2.0067 
Uranium 2.81-13 
Transuranics 2.28- 10 

.. 
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TABLE 8.8 
ESTIMATE0 ANNUAL ATMOSPHERIC RELEASES TO THE ENVIRONMENT - 5 YEARS 
SOURCE - PRODUCT SALT CONCENTRATION/SOLIDIFlCATION VESSEL VENT 

ISOTOPE 

5 h l 2 3  
Sh126  
S I ! l c 4  
> '> 1 2 5 
St '126 
SP 12614 
l C l i 5 ~  
1 F  117 
1 C 1 4 7 l ~  
1 t l Z V  
I F  129M 

I 1 2 Y  
L S 1 3 4  
C S 1 3 5  
LS137 
! P I 3 7 ?  
L L 1 4 1  
L f  1 4 2  
L f  144 
PP 143 
I'G I 4 4  
I'P144M 

----_-_ - ISOTOPE 

~ ~ 1 4 1  

------- 
NO144 

PHL48 
PM148M 
SUI47 
SM148 
SU149 
SMLSL 
t U 1 5 L  
EU154 
EU155 
E11156 
TJ l60  
TL2U6 
f 1 2 0 7  
TLZOfl 
f L 2 0 9  

lJ232 
U233 
u z 3 4  
11235 
U23b 

TOTAL ESTIMATED RELEASES (Cil 
Tritium 7.71 00 
Fission Products 4.62-05 

Transurmics 3.91-10 
Uranium 3.03-13 

....... _.._ ~ ~ 

CURIES --------- ---- 
t -492P3E-20 
3 -2630 LE-06 
5.3U764t-2 1 
1.361 I R E - 1 9  
2.57OCr7E-16 
7.592S3E-22 
2.3534VE-22 
3.183 16E-C 8 
5.1 I 17 7E- 11 
8.39688E-09 
6 -64701E-09 
7 .de6 1 I€-4 3 
1 . S l O Y B E - 1 6  
3 - 1  9SC6L-27 
4.7425lE-17 
7.39996E- 1 3  
3.0145ME-2 I 
6 - 8 1 9 3  I € -  14 
8.1641bt-  l e  
2.15169E-13 
7.107 30E- I 6  
1.5415lE-14 

..- 

ISOTOPE 
UZ38 

NP236 
NP237 
PU2 36 
PU237 
PU230 
PU239  
PlJ240 
PU24 1 
Plr242 
AM24 I 
AM2 4 2 
AM242H 
AM243 
CM242 
CM213 
CM244 

CM246 
CM241 
CM248 

------- 

cr-1245 

CURIES ----- - - - -- --- 
3 . 5 1 5 0 0 E - 1 5  
2.33214E-15 

9 -42956E- 15 

I 13273E- LO 
1.06614E-12 
6.13737E-13 
1 -26689E- LO 
8.97699E-16 
1.455?IE-lC 
1.92072E-13 
1.930 35E- 1 3  
1.157 37E-14 
'5.71461€- 13 
7.4 7 2 G  5E- 1 4  
Z.19115E-12 
8.93944E-17 

I .  I M ~ I E - L ~  

6.  ea i ~ C E - Z S  

7. 1 3 5 5 7 ~ - 1 e  
e . w i 8 0 ~ - 2 4  
9.160 17E-24 

Q 



bZ-3bl091 '4 
bZ-;IOB 11 1 '8 

L1-3SlZE6'R 
71-32Eb6b'I 

C 1-36OZZS'l 
bI-3030SL'L 
E 1 -30EbbB'l 
E 1-301 S€Ll'l 
01 -3f bS98.2 
91 -3Oh~lb'R 
1 1 -39bSOb.L 
E1-3970€1'9 
2 1 -3f BS9O'l 
01 -331 930.: 
31 -3€13bZ'B 
C I -3btl61. 1 
51 -330ZEf 'Z 

a 1 -301 szi - L 
+ 1 -35ewe -6 

___---_-___-- 
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TABLE 8.10 

Estimated Total Annual Releases (Ci) to the Environment 

Point of Release 
Atmosphere Aqueous 

5-Yr 15-Yr Isotopic Group 5-Yr 15-Yr 

Tritium 3.98+01 2.26+01 9.95+02 5.65+02 

Fission Products 1.18-01 8.55-03 2.67-04 1.64-04 

Uranium 3.41-10 6.77-10 1.87-11 3.70-11 

Transuranics 2.45-05 1.90-05 1.34-06 1-04-06 

TABLE 8.11 

Comparison of Annual Radioactive Releases (Ci) SRP vs. DWPF 

Isotopic Group 

Tritium 

Fission Products** 

Uranium 

Transuranics 

* 1978 Releases. 
** Does not include 

Point of Release 
Atmosphere 
DWPF 
SRP* 5-Yr 15-Yr 

3.8 +05 3.98i-01 2.26+01 

1.11+01 1.18-01 8.55-03 

3.1 -03 3.41-10 6.77-10 

8.5 -03 2.45-05 1.90-05 

noble  gases. 

Aqueous 
DWPF 
SRP* 5-Yr 15-Yr 

4.0+04 9.95+02 5.65+02 

7.7-01 2.67-04 1.64-04 

5.6-02 1.87-11 3.70-11 

5.8-03 1.34-06 1.04-06 

- 6.LL - 
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9. SAFETY ANALYSIS. (M. W. Lee) 

9.1 Nuclear and Process  Safe ty  

P o t e n t i a l  i nc iden t s  from t r i v i a l  t o  major acc iden t s ,  t h a t  
could adverse ly  a f f e c t  t he  nuc lear  and process  s a f e t y  of t he  DWPF 
and/or could contaminate o n s i t e  o r  o f f s i t e  populai ions have been 
i d e n t i f i e d .  The poss ib l e  causes of each incider i t ,  i ts conse- 
quence, t h e  expected frequency of the  occurrence and app l i cab le  
s a f e t y  f e a t u r e s  have been i d e n t i f i e d  [l-61. These inc iden t s  were 
a b s t r a c t e d  from a l i t e r a t u r e  review of r e l a t e d  nuc lear  f a c i l i t i e s  
and from h i s t o r i c a l  records of similar u n i t  opera t ions  a t  t h e  
Savannah River P lan t .  A more d e t a i l e d  a n a l y s i s  of poss ib l e  causes  
and consequences using f a u l t  tree and cause-consequence techniques 
w i l l  be made during t h e  prepara t ion  of t he  Sa fe ty  Analysis Report 
f o r  t h e  DWPF p r i o r  t o  p l an t  s t a r t u p .  

Engineered s a f e t y  f e a t u r e s  were s e l e c t e d  t o  e i t h e r  reduce the  
frequency of t he  pos tu l a t ed  event o r  t o  m i t i g a t e  i t s  consequence. 
Sa fe ty  f e a t u r e s  which reduce the  frequency of events  inc lude  modi- 
f i c a t i o n s  of process equipment, suggested admin i s t r a t ive  c o n t r o l s ,  
warning alarms, i n t e r l o c k  systems, and negat ive  feedback con t ro l s .  
Examples  of mi t iga t ing  s a f e t y  f e a t u r e s  are f i r e  suppression system 
emergency cool ing  and power systems, explosion l i m i t i n g  devices ,  
and redundant equipment with alarms. 

A l i s t  of p o t e n t i a l  i n c i d e n t s ,  t he  areas where they may 
occur,  and the  i d e n t i f i e d  app l i cab le  engineered s a f e t y  f e a t u r e s  t o  
m i t i g a t e  o r  prevent the  i n c i d e n t s  are summarized i n  Tables 9.1 
through 9.3. 
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9.2 Hazards Analysis" 

9.2.1 P o t e n t i a l  E f f e c t s  from Normal Operations 
\ 

9.2.1.1 Occupational Radiat ion Exposures 

Most of t he  opera t ions  necessary t o  implement the  DWPF plans 
w i l l  r e s u l t  i n  s m a l l  amounts of r a d i a t i o n  exposure t o  the  involved 
personnel.  DOE p laces  r e s t r i c t i o n s  on r a d i a t i o n  exposures of 
workers, The DOE r a d i a t i o n  p r o t e c t i o n  s tandard  i s  5 rems t o  t h e  
whole body each year  and/or  3 rems each ca lendar  qua r t e r  [7] .  
Extensive e f f o r t s  are made, beyond those requi red  t o  ensure c o r  
p l iance ,  with the  o b j e c t i v e  of reducing worker exposure t o  amounts 
t h a t  are as low as reasonably achievable  (ALARA). These e f f o r t s  
inc lude  d e t a i l e d  planning of work, which involves  r a d i a t i o n  expo- 
s u r e  p o t e n t i a l ,  t o  reduce exposure t i m e  and t o  provide adequate 
sh ie ld ing .  The execut ion of such work is c a r r i e d  out under w r i t -  
t e n  procedures t h a t  are approved by h e a l t h  physics  s p e c i a l i s t s .  
These procedures s p e c i f y  t h e  t i m e  limits f o r  t h e  work and t h e  
p r o t e c t i v e  c lo th ing  and equipment f o r  t h e  work. Depending on t h e  
r a d i a t i o n  and contamination p o t e n t i a l ,  the work-may be continu- 
ous ly  monitored by h e a l t h  phys i c i s t s .  

Experience wi th  ope ra t ion  of t he  Savannah River P l a n t  indi-  
cates that a c t u a l  personnel  exposures can be expected t o  be 
cons iderably  less than t h e  DOE s tandards  as a r e s u l t  of t he  ALARA 
policy.  For example, a summary of SRP occupat iona l  dose f o r  1965 
t o  1975 is shown i n  Table 9.4. The annual average dose per  moni- 
to red  employee ranged from 2.7 t o  3.7 rems, with the  except ion of 
a s i n g l e  apparent  dose of 24.8 rems t o  an employee i n  1971 t h a t  
w a s  no t  s u b s t a n t i a t e d  i n  follow-up inves t iga t ions .  

Work done i n  the  i r r a d i a t e d  f u e l  reprocess ing  areas a t  SRP is 
similar i n  many important a spec t s  t o  work t h a t  would be done i n  
conjunct ion  wi th  waste processing. Table 9.5 g ives  exposure 
experience f o r  workers involved i n  the  reprocess ing  a c t i v i t i e s ,  
excluding those  whose jobs involve  no p o t e n t i a l  occupat iona l  expo- 
sure .  As can be seen by comparing Tables 9.4 and 9.5, t h e r e  is 
l i t t l e  d i f f e r e n c e  i n  t h e  exposure received by the  average p l a n t  
employee and those  involved s p e c i f i c a l l y  with processing opera- 
t i ons .  The r a d i a t i o n  exposures of workers i n  new waste management 
f a c i l i t i e s  should be expected t o  be even lower than workers i n  
present  SRF' processing bui ld ings  because of t he  g r e a t e r  sh i e ld ing  
and improved equipment f o r  handl ing r ad ioac t ive  material. 

* This  chapter  i s  an excerp t  from the  Dra f t  Programmatic Environ- 
mental  Impact Statement f o r  Management of Defense High-Level 
Radioact ive Waste, Savannah River P l a n t ,  i s sued  i n  March 1978. 

- 9 . 2  - 



Table ,6 gives resu-ts of estimating the occupational expo- 
sures by two different techniques: the assumption was made that 
individual doses would be the same as the average SRP experience 
for 1965hto 1975 and it was assumed that individual doses would be 
equal to the DOE standards discussed above. The latter is a very 
conservative assumption because, even if the potential for such 
exposures existed, it would be impractical, and undesirable, to 
rotate and schedu:le all employees so that everyone received expo- 
sure up to the DOE limit. 

9.2.1.2 Non-Nuclear OccuDational Risks 

Some non-nuclear risk of injuries, and death exists during 
construction of new facilities and during the operating campaign. 
(For minor injuries, only first aid is required and no days are 
lost from work; major injuries involve one or more lost workdays.) 
Experience with many construction activities at SRP and from 26 
years of operation has shown that these risks can be low in magni- 
tude and below those experienced in many other industrial activi- 
ties. Tables 9.8 and 9.9 give the results of estimating the 
number of occupational casualties during construction of new 
facilities and for the operating phases, respectively. 

9.2.1.3 Offsite Radiation Exposures 

All facilities will be designed and operated such that radio- 
active releases from normal operations will be within the overall 
EPA criteria for such releases and within specific DOE and NRC 
standards. The current DOE standards for offsite radiation expo- 
sures are shown in Table 9.10 [ 71 .  

Although the facilities must be operated to fall within the 
limits discussed above, they will also be operated with the ob- 
jective of keeping exposures as low as reasonably achievable. In 
all likelihood,, this will result in extremely low, if not zero, 
exposures from the long-term storage -or disposal facilities, and 
offsite exposures from the ,handling and processing operations that 
are comparable .to those currently experienced from similar activi- 
ties .at SRP. In 1976, these exposures .to a hypothetical maximum 
individual* were below 1 mrem from:all SRP activities and included 
contributions ,from the reactors and from isotopes such as H-3, 
Kr-85, Ar-41, and Xe-133,135-:that would not be released in signif- 
icant quantities in the waste .handling and processing operations. 
Routine releases from SRP are discussed more fully in Reference 8. 

* Maximum individuals are assumed to be at the site boundary under 
conditions of maximum probable exposure. 
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9.2.1.4 Nonradioactive Pollutants 

No mechanisms have been identified for chemical releases 
under normal conditions for the storage or disposal modes and, 
therefore, the following discussion is concentrated on processing 
operations. 

When the waste is fixed in glass, there will be releases from 
the processing operations to the atmosphere and to the onsite 
streams of chemicals such as Hg, NO,, "3, C02, NaOH, . 
NaN03, and heated water. These releases, when combined with 
those €rom other activities at SRP, must be within emission 
standards set by South Carolina and Georgia and the Federal 
Government [9,101. Some of the more important standards are shown 
in Table 9.11. In addition to the limits imposed by the above 
standards, SRP operates under National Pollutant Discharge Elimi- 
nation System (NPDES) permits that Limit the discharge of pollu- 
tants to tributaries of the Savannah River ill]. 

Waste management policy at SRP is to limit releases of poten- 
tially polluting chemicals to levels that are lower than those 
required by the standards and permits, to the extent that is 
reasonably achievable. This policy is implemented by operating 
controls and by appropriate engineered systems. The extent to 
which these systems are needed and the releases to the environment 
that are to be expected will be determined as the research and 
development program proceeds and detailed design studies are made. 
Operation of similar processes and pollution abatement devices at 
SRP is described in detail in Reference 8, where it is shown that 
SRP emissions to the atmosphere have been far below the standards 
shown in Table 9.11, with the exception of particulates from some 
of the coal-burning power plants. Electrostatic precipitators 
have been installed on the largest power plants, and prototype 
improvements are being tested on other plants to ensure conformity 
with South Carolina emission standards for particulates. 

Water that discharges from the SRP creeks t o  the Savannah 
River now meets Federal and South Carolina regulations. However, 
a project has been submitted to DOE for FY-1978 funding [12] that 
would bring most discharges from individual operating sites into 
compliance with NPDES Permit No. SC 0000175 before those dis- 
charges enter the creeks. Most of the water covered in the 
project is runoff from coal piles and ash basins, and is of low pH 
and has high suspended solids. 
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I n  a d d i t i o n  t o  the  emissions t o  water and a i r  descr ibed 
above, t h e r e  w i l l  be low l e v e l s  of occupat ional  exposure t o  non- 
r a d i o a c t i v e  p o l l u t a n t s  of some workers. Such exposures would 
occur during processing opera t ions ,  but not during t r a n s p o r t a t i o n ,  
s to rage ,  o r  disposal .  Reference 13 s p e c i f i e s  l i m i t s  and c o n t r o l s  
requi red  f o r  exposure t o  chemicals a s  l e g i s l a t e d  by the  Occupa- 
t i o n a l  Heal th  and Sa fe ty  A c t .  Concentrat ions i n  a i r  of chemicals 
t o  which t h e  worker is exposed w i l l  normally be maintained by 
engineer ing c o n t r o l s  such as v e n t i l a t i o n  at less than the  a c t i o n  
l e v e l  va lues  s p e c i f i e d  i n  Subpart Z of Reference 13. P o t e n t i a l  
exposure of the  worker i s  l imi t ed  because the  chemicals are nor- 
mally introduced i n t o  the  process  wi th in  v e n t i l a t e d  enc losures  
designed t o  con ta in  r ad ioac t iv i ty .  
areas, during t r anspor t  of chemicals from the  s t o r a g e  areas, and 
dur ing  p repa ra t ion  of t he  chemicals f o r  t h e  processes.  
c e n t r a t i o n s  are above an a c t i o n  l e v e l ,  rou t ine  monitoring i s  
requi red  r a t h e r  than a u d i t  monitoring. When threshold  limit 
va lues  are exceeded, workers w i l l  wear personal  p r o t e c t i v e  equip- 
ment inc luding  r e s p i r a t o r y  p ro tec t ion  as prescr ibed  i n  Subpart I 
of Reference 13. Engineering c o n t r o l s  would be added or  modified 
t o  reduce t r a n s i e n t  h igh  concent ra t ions  t o  less than  th re sho ld  
l i m i t  values .  Records a r e  requi red  f o r  each worker exposed t o  
chemicals a t  concent ra t ions  g r e a t e r  than threshold  l i m i t  values.  

Exposures may occur i n  s to rage  

When con- 

9 .2 .2  P o t e n t i a l  E f f e c t s  from Abnormal Events 

9 .2 .2 .1  General 

Details of consequences and p r o b a b i l i t i e s  of a wide range of 
abnornal  events  w i l l  be published i n  the  Safety Analysis Report 
dea l ing  wi th  a l l  aspects of t he  DWPF. Such ana lyses  must a w a i t  
d e t a i l e d  system design based on r e s u l t s  of t he  research  and 
development program. One of t he  primary purposes of the  program 
i s  t o  i n f luence  the design of var ious  p a r t s  of t he  f a c i l i t y  t o  
ensure a high degree of confidence i n  acceptab le  s a f e t y  regarding 
abnormal events.  

Prel iminary ana lyses  have, .however, been repor ted  i n  Ref - 
erence  8 f o r  - r i s k s  from unusual events  t h a t  might occur i n  a l l  
opera t ions  involved. Events considered were major process  inc i -  
dents ,  n a t u r a l  events  such as tornadoes and ear thquakes,  sabotage,  
a i r p l a n e  c ra sh ,  and abandonment. The magnitudes were chosen t o  be 
upper bounds of c red ib l e  ‘occurrences. 
sound phys ica l  bas i s  t o  o b t a i n * r e l e a s e  f r a c t i o n s ,  t o  fo l low envi- 
ronmental pathways, and to I c a l c u l a t e  r a d i a t i o n  exposures. 
ed r e s u l t s  from Reference 8 a r e  reviewed i n  t h e  d i scuss ion  below. 
In  g e n e r a l , ,  they show t h a t  consequences alone,  without regard f o r  
p r o b a b i l i t i e s ,  do not pose any d i s a s t e r  p o t e n t i a l  f o r  t h e  o f f s i t e  
populat ions.  Xndividual doses t h a t  occur are comparable t o  back- 

This approach provides a 

Detail- 
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groqnd doses in most cases. It is expected that when formal 
analyses are nade of all systems, the results will show much lower 
risks. 

\ 

Some.of the important physical reasons why the hazards asso- 
ciated with the waste are limited include: 

e Very large amounts of energy are required to create waste 
particles small enough to be widely distributed through the 
airborne pathway. This is true on a per curie basis for the 
salt cake and sludge currently stored in tanks as well as for 
the high-integrity form like glass. 

0 There are no inherent internal sources of high energy in the 
waste management systems. 
radioactive particles would have to be introduced externally 
and in some abnormal manner. 

Energy required to release 

0 There are no radioactive noble gases or significant amounts of 
easily volatilized radioactive elements in the waste that could 
contribute to potential doses from the airborne pathway. 

e High-integrity waste forms and engineered surface storage 
facilities can impose major barriers against waste migration. 

Liquid releases from SRP would be absorbed in the soil or 
diluted many orders of magnitude by the onsite creeks and 
swamps and by the Savannah River before reaching drinking water 
users. Even if diversion systems fail and no corrective 
actions are taken, no large individual doses can occur. 

0 The SRP waste facilities are within a large exclusion area 
surrounded by land of low population density. 

An added level of accident protection to both workers and 
offsite population is provided by the design of waste management 
facilities. The construction methods and materials that meet 
routine radiation shielding requirements and that ensure adequate 
resistance to earthquakes and tornadoes a l s o  provide resistance 
and containment for other unlikely incidents. 

9 . 2 . 2 . 2  Occupational Radiation Exposures 

All the very low probability events that have some potential 
for releasing radioactive materials offsite also have the poten- 
tial for exposing working personnel to high radiation exposures. 
These events include major process incidents, tornadoes and earth- 
quakes of. incredible magnitude, sabotage, and airplane crash. The 
distribution of radiation effects among the personnel at the site 
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i s  impossible  t o  p red ic t  because i t  would depend upon p r e c i s e  
d e t a i l s  of l o c a t i o n  of t he  personnel and c o r r e c t i v e  a c t i o n s  rela- 
t i v e  t o  t h e  cha in  of events  under way. This i s  i n  c o n t r a s t  t o  the 
p r e d i c t a b r l i t y  of o f f s i t e  e f f e c t s ,  ?where the  major determinants  
are amount of a c t i v i t y  re leased  and meteorology or  water flow 
pa t t e rns .  Furthermore, t he  r a d i a t i o n  would probably be a small 
c o n t r i b u t o r  t o  the  worker c a s u a l t i e s  i n  these  un l ike ly  events ;  
most of t h e  c a s u a l t i e s  would be from explos ive  f o r c e s ,  f a l l i n g  
bu i ld ings ,  tornado-driven missiles, f i r e ,  saboteur  gunf i r e ,  etc. 

Even though consequences mentioned above are poss ib l e ,  t h e i r  
occurrence i s  extermely unl ike ly .  This  f a c t  i s  gene ra l ly  i l l u s -  
t r a t e d  by formal s a f e t y  analyses  of e x i s t i n g  and designed nuc lear  
systems, and by the  experience of the  commercial and defense 
nuc lear  e n t e r p r i s e s  over t he  pas t  t h i r t y  years .  When t h i s  low 
p r o b a b i l i t y  of occurrence i s  considered,  t he  r e s u l t i n g  occupa- 
t i o n a l  r i s k  ( t h e  product of consequence times p r o b a b i l i t y )  from 
r a d i a t i o n  exposure is negl ig ib le .  

9 .2 .2 .3  Non-Nuclear Occupational R i .  

The non-nuclear r i s k s  t o  o n s i t e  workers from abnormal events  
are i n  t h e  same category as the  r i s k s  discussed above f o r  radia-  
t i o n  exposures,  i n  t he  sense t h a t  c a s u a l t i e s  are poss ib l e  but t he  
l i k e l i h o o d  of occurrence is  so small. t h a t  the  r i s k s  are neg l ig i -  
ble.  The number of c a s u a l t i e s  poss ib l e  f o r  each abnormal event  is 
d i f f i c u l t  o r  impossible  t o  estimate because of t he  m i t i g a t i n g  
e f f e c t s  of forewarning, c o r r e c t i v e  ac t ion ,  etc. However, t h e r e  
has  been no mechanism i d e n t i f i e d  tha.t would inc rease  the  non- 
nuc lear  r i s k s  above those normally experienced i n  any l a r g e  
i n d u s t r i a l  opera t ion .  In  practice, t he  unusually heavy construc-  
t i o n  of t he  waste management f a c i l i t i e s  would probably provide 
g r e a t e r  worker p r o t e c t i o n  aga ins t  abnormal events than that  af- 
forded by most o the r  i n d u s t r i a l  f a c i l i t i e s .  

9 . 2 . 2 . 4  O f f s i t e  Radia t ion  Exposures 

Analyses have previous ly  been repor ted  (Reference 14)  which 
make estimates, using p e s s i m i s t i c  assumptions where necessary,  of 
t h e  o f f s i t e  r a d i a t i o n  exposures t h a t  mi'ght occur f o r  a v a r i e t y  of 
abnormal events .  The events  considered.were major process  i n c i -  
dents ;  n a t u r a l  occurrences.  such as , : tornadoes,  ear thquakes,  f l oods ,  
and meteor i te  impact; sabotage,  a i r p l a n e  c rash ;  and abandonment. 
The ana lyses  considered the  fou r  major modules: removal from 
tanks ,  processing,  t r a n s p o r t a t i o n ,  and s torage .  The r e s u l t s  are 

- 9 . 7  - 



given as consequences (measured by radiation dose commitment)* to 
maximum offsite individuals and to the offsite population within 
150 km. The consequences were then multiplied by an estimate of 
annual probability of occurrence to obtain annual risk. Finally, 
the annual'risk was integrated for 300 years, accounting for 
radioactive decay and population growth, to obtain total risk for 
the period. (After 300 years of decay, individual doses that 
could occur from any of the events analyzed are negligible.) These 
data are given in Table 9.12. They show that there is no disaster 
potential to the offsite population from abnormal events. 
though some of the maximum individual doses are of concern, they 
could occur to only a limited number of people and are calculated 
assuming no corrective actions are taken. Doses to average indi- 
viduals in the nearby population would be thousands to tens of 
thousands of times lower, depending upon pathways, and therefore 
would be inconsequential compared to even the variation in natural 
background in the local area. 

Al- 

9.2.2.5 Offsite Land Contamination 

Levels of radionuclide deposition that would require evacua- 
tion of people and restrictions on farming and milk production are 
discussed in more detail in Reference 14 and are given below in 
Table 9.13. The deposition limits were derived from the dose 
criteria given in Table 9.14 which are also discussed in Refer- 
ence 14. 

Only two operational modules have potential for causing off- 
site land contamination for any of the abnormal events considered. 
These two are sabotage during removal of waste from tanks and 
sabotage during processing waste to glass. The consequences, if 
each of these events did occur, are given in Tables 9.15 and 9.16, 
respectively, in terms of land contaminated and people evacuated. 

9.2.2.6 Nonradioactive Pollutants 

There will be no unusually large stores of chemicals required 
for implementation of any of the alternative plans. 
there is little potential for pollutant release to the environment 
for the abnormal events considered. Furthermore, mitigating fea- 
tures such as sand filters and liquid diversion systems would be 
expected to retain most accidental releases. Operations have been 

Therefore, 

* Table IV-6 in the Draft Programmatic Environmental Impact State- 
ment f o r  Management of Defense High-Level Radioactive Waste, 
Savannah River Plant, issued March 1978. 

. 
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conducted over the past 27 years at S W  using large quantities of 
such chemicals as nitric acid and hydrogen sulfide with no adverse 
effect on the environment, as discussed in Reference 8. *Similar 
experience' for releases attributable to abnormal events is ex- 
pected to 'apply to any future waste management operations. 

When the high-activity fraction is separated from the waste 
and subsequently processed to glass, there will remain about 19 
million gallons of decontaminated salt cake. This salt could be 
stored in decontaminated waste tanks existing after processing, 
and would be subject to occurrence o f  the abnormal events dis- 
cussed previously. The worst of these would be abandonment, with 
subsequent filling of the tanks with rainwater and runoff to the 
Savannah River. This scenario was analyzed in Reference.14, and 
the consequences are given in Table '9.17. Not only is this event 
considered very unlikely, but also the river would not be polluted 
above drinking water standards even :Lf no corrective actions were 
taken. 

.- . - 
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TABLE 9.1 

Operational Areas in the DWPF 

Operational Area 

General 

Waste Removal and Blending 

Evaporation and Salt Solidification 

Aluminum Dissolving 

Centrifugation 

Sand Filtration 

Supernate Decontamination (Ion Exchange) 

Elutriant Recovery ("3 and C02) 

Recycle Concentration 

Spray Drying 

Glass Melting 

Mechanical Cell 

Crane Operation 

Electric Power Supply 

Water Supply 

Steam Generation and Distribution 

Sampling 

Ventilation System 

Gang Valve Operation 

Compressed Air and Gas Systems 

.. - 
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Incidents 

1-27 

28-4 9 

50-62 , 

63-66 

67-7 1 

72-76 

77-83 

84-90 

91 

94-105 

106-109 

111 

112-119 

120-122 

123-1 29 

130-132 

133-1 39 

140-147 

148-150 

151-152 



TABLE 9.2 

P o t e n t i a l  I h c i d e n t s  

I n c i d e n t  
Number 

1 

2 

3 
4 

5 

6 

7 

8 

9 

10 

1 1  

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 
25 

26 

27 

- I n c i d e n t s  

( G e n e r a l )  

Ear thquake  g r e a t e r  t h a n  s a f e  shutdown 

Meteor 1 t e impact  

H u r r i c a n e  O K  t o r n a d o  
Flood 

Large  a i r c r a f t  impact  

Sa botaye  

T o t a l  loss of c o o l i n g  c a p a b i l i t y  
Loss of e l e c t r i c  power 

Adverse e f f e c t s  of l i g h t n i n g  

Adverse w i n t e r  o p e r a t i n g  c o n d i t i o n s  

Fire 
C r i t i c a l i t y  
T r a n s f e r  e r r o r  

Vessel o v e r f l o w  

T r a n s f e r  l i n e  p luggage  

Vessel and l i n e  l e a k a g e  

Sucl back 

Siphoning  

C o i l  f a i l u r e  
Vessel o r  p i p i n g  r u p t u r e  from impact  
o f  dropped equipment  
Chemical  a d d i t i o n  error 
U n c o n t r o l l e d  c h e m i c a l  r e a c t i o n  

Ins t ru tgent  l i n e  p luggage  

Release d u r i n g  equipment  removal  
Loss of i n s t r u m e n t  or p r o c e s s  
compressed a i r  
Temperature  e x c u r s i o n  i n  s o l i d s  
( S l u d g e )  s e t t l i n g  o u t  of f e e d  streams 
Leakage through ce l l  o r  canyon w a l l  

A p p l i c a b l e  Engineered  
S a f e t y  F e a t u r e s  

1, 216 
* 
1, 216 

L 

* 
3 

1 ,  4 

5, 7, 48 

6, 8 

5, 11, 166, 167, 168, 169 

9, 10, 60 

12, 38 

13, 14, 15, 16 

17, 18, 19, 20, 21, 52, 200 

19, 20, 21, 22, 23, 53, 54, 
113, 114, 115, 116, 117, 118 

19, 20, 2 1 ,  25, 42, 200 
26, 27, 28, 29, 30, 31 

32 

17, 33, 34, 35 
19, 20, 21, 36, 61, 62 

13, 14, 37, 200 
13, 14, 17, 18, 20, 38, 39, 

41, 42 

43, 44, 200 

35, 34 

11, 46, 47, 52 

40 

20, 21, 25, 4 9 ,  50, 51 
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TABLE 9 . 2 ,  Contd 

Incident 
Number Incidents 

(Waste Removal and Blending) 

28  Overflow of pump pit 

29 Overflow of waste tank 

30 Uaste tank explosion 

31 Overflow of diversion box 

32 Boiling waste tank 

33 Activity bypasses waste tank filter 

34 Failure of seal between waste 
removal platform and tank 

tanks from slurrying activity 

Overstressing of waste tank components 

Potential for high personnel exposure 
during installation, removal, and 
maintenance of sludge pumps 

35 Increased air activity in waste 

36 

37 

38 

39 

4 0  

41 

42 

43 

44 

45 

46 

47 

48 

49  

Loss of tank ventilation 

Underground equipment crushed by 
heavy vehicles 

Below ground leaks from waste tanks 

Pump tank explosion 

Above ground release from process line 

Release from segregated water 

Airborne release from diversion box 

Contamination spread from localized 

Tank damage from vortex formation 

Rapid corrosion of. carbon steel tanks 

Failure of support structure for tank 
sludge pumps 

Opening of self-heated cracks in tank 

spill 

Applicable Engineered 
Safety Features 

17,  1 9 ,  2 0 ,  59  

1 7 ,  1 8 ,  3 5 ,  5 5 ,  59 

5 ,  5 6 ,  5 7 ,  5 8 ,  59 

1 9 ,  2 0 ,  3 5 ,  5 9 ,  63  

6 5 ,  66 

6 0 ,  6 7 ,  68 
* 

* 

69 
4 5 ,  7 0 ,  7 1 ,  7 2 ,  7 3  

5 ,  5 7 ,  5 8  

1 2 ,  7 4 ,  7 5 ,  7 6  

20 

5 ,  5 6 ,  5 9 ,  64 

3 5 ,  5 9 ,  7 7 ,  7 8  
* 
* 
59 

* 
38  
* 

6 8 ,  7 9 ,  89  
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TABLE 9.2, Contd 

I n c i d e n t  
Number 

50 

51 
52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

6 2  

63 

bh 

6 5  

66 

67 
68 

69 

70 

7 1  

\ 

Appl icable  Engineered 
I n c i d e n t s  S a f e t y  F e a t u r e s  

(Evapora t ion  and S a l t  S o l i d i f i c a t i o n )  

Overflow of evapora to r  cell  59 
Leak through evapora to r  ce l l  * 
Evaporator explos ion  38, 40, 52, 82, 83 
Chemical Oxida t ion  of ruthenium t o  * 
v o l a t i l e  ru then iun  t e t r a o x i d e  
Evapora tor  e r u c t a t i o n  17 ,  52 
Evapora tor  l e a k  19, 20, 21 

CTS t ank  exp los ion  40, 53, 59, a i  

Erronous t r a n s f e r  of evapora to r  14 

Overflow of CTS p i t  20, 59, 63 

S p i l l  from CTS c leanou t  p o r t  

materials 
Col lapse  of s a l t  cake s t o r a g e  t ank  
Release of a c t i v i t y  from seg rega ted  
wa te r  
Major l i q u i d  release from was te  t ank  17, 59 
riser 

* 

* 

(Aluminum Dis so lv ing )  

Explosion i n  t h e  off-gas s y s t e n  81 

P r e s s u r i z a t i on of t h e  d i s so 1 ver  52, 84, 85 
Disso lve r  pot c o i l s  no t  submerged 1 7 ,  86 
dur ing  shutdown 

High l i q u i d  l e v e l  i n  d i s s o l v e r  1 7 ,  18 

( C e n t r i f u g a t i o n )  

Se'vere v i b r a t i o n  of c e n t r i f u g e  87, 88 
Cent r i fuge  missile 87 ,aa 
Excess ive  cake compaction 89 
F a i l u r e  of c e n t r i f u g e  suspens ion  . 87, 88 
sys tem 
Cen t r i fuge  plow breaks  89,90 
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TABLE 9 . 2 ,  Contd 

I n c i d e n t  ’ Appl icable  Engineered 
Number I n c i d e n t s  S a f e t v  Fea tu res  

72 

73 
74 

75 

76  

7 7  
78 

79 
80 

8 1  

82 
83 

84 

85 

86 

87 

88 

89 
9 0  

9 1  

92 

93 

(Sand F i l t r a t i o n )  

Overflow of sand f i l t e r  17, 18  
F i r e  i n  o r  around sand f i l t e r  * 
Hydraul ic  s u r g e  * 
F a i l u r e  of backf lush  system t o  o p e r a t e  18  
I n t r o d u c t i o n  of n i t r i c  a c i d  i n t o  
c a u s t i c  and ammonia bea r ing  streams 

(Superna te  Decontamination) 

Cs breakt rhough of Duo l i t eo  column 22, 23, 2 4 ,  3 8  

13, 3 8  

P r e c i p i t a t i o n  i n  i o n  exchange column 18, 35, 9 1  

Overhea t ing  of  z e o l i t e  column 39, 4 0 ,  92 
High tempera ture  i o n  exchange column 39, 40 

Line and sampler pluggage by r e s i n  42  

Uncont ro l led  r e a c t i o n  of r e s i n  19 ,  4 0 ,  93 

Improper r e s i n  l e v e l  * 
( E l u t r i a n t  Recovery) 

Farming i n  e l u t r i a n t  recovery  23, 35, 94 
c o n c e n t r a t o r  r e b o i l e r  

condenser 
Contamination of C s  e l u t r i a n t  53, 96 
nakeup by Cs 

Ammonia compounds 13 

Overheat of c o n c e n t r a t o r  r e b o i l e r  17, 4 0 ,  54, 82  

O v e r p r e s s u r i z a t i o n  of c o n c e n t r a t o r  52 ,  97 
Pluggage of e l u t r i a n t  recovery  vent 4 0 ,  98  
system 

(Recycle  Concen t r a t ion )  

Accumulation of ion  exchange r e s i n  * 
i n  evapora to r  

Pluggage of e l u t r i a n t  recovery  53, 95 

Evapora tor  leakage  99 

Explosion i r t  evapora to r  38, 40, 52, 82, 8 3  



T U L E  9.2, Contd 

I n c i d e n t  
Number 

94 

95 

96 

97 

98 

99 

100 

101 

102 

103 

104 

105 

106 
107 

108 

109 

110 

11 1  

\ 

A p p l i c a b l e  Engineered  
S a f e t y  F e a t u r e s  I n c i d e n t s  - 

(Spray  Drying)  

High t e m p e r a t u r e  breach  of t h e  s p r a y  40, 100, 101, 102, 103, 104, 
d r y e r  105 

Spray  d r y e r  b r e a c h  from i n t e r n a l  40, 106 
c o r r o s i o n  

Spray  d r y e r  breach  from t h e r m a l  shock 40, 53, 107, 108, 109 

Spray  d r y e r  b r e a c h  from p r e s s u r i z a t i o n  42, 110, 111, 145, 146, 
147, 148 

Spray d r y e r  breach  from impact  1 

Bypass or  f a i l u r e  of  s i n t e r e d  metal 53, 149, 150 
f i l t e r s  

HEPA f i l t e r  sys tem breached  151, 152, 153 
( n o t  a p p l i c a b l e )  

E n e r g e t i c  a i r b o r n e  release h0 ,  100, 101, 102, 103, 

High r u t h e n i u n  a d s o r b e r  bed t e m p e r a t u r e  154, 155 

I n c r e a s e d  v o l a t i l i z a t i o n  of RuO4 and  40, 102, 103, 104 
l o c a l i z e d  Ru02 d e p o s i t o n  

E x c e s s i v e  s o l v e n t  o x i d a t i o n  i n  sipray 38 
d r y e r  

Abnormal n i t r a t e  a n d l o r  water i n  40, 100, 101, 102, 103, 

104 

s p r a y  d r y e r  104 

( V i t r i f i c a t i o n )  

Steam e x p l o s  Lon 135, 136, 137, 156, 157 

R e f r a c t o r y  c o l l a p s e  o r  s p a l l i n g  123, 138, 139, 140, 141, 

Electrical s h o r t i n g  124, 125, 126, 127, 128, 141 
Major g l a s s  s p i l l  112, 129, 130, 131, 132, 133 

Release of a i r b o r n e  a c t i v i t y  t o  cell o r  112, 119, 129, 130, 131, 
v e n t i l a t i o n  sys tem 132, 133, 134, 144 

142, 143, 144 

134, 144 

( X e c h a n i c a l  Ce 11) 

F a i l u r e  of  h i g h  l e v e l  waste c a n i s t e r  99, 120, 121, 122 



TABLE 9.2, Contd 

I n c i d e n t  
Number I n c i d e n t s  

(Crane  O p e r a t i n s )  

112 P e r s o n n e l  e x p o s u r e  i n  c r a n e  c a b  
113 Contaminat ion  of c r a n e  e x t e r n a l  t o  

114 Contaminat ion  of work areas by c r a n e  

115 Disengagement f rom c r a n e  hook 

116 Damage t o  equipment  by m i s h a n d l i n g  of 

117  Crane c a b l e  f a i l u r e  
118 F a i l u r e  of crane movement c o n t r o l  

119 O p t i c a l  s y s t e m  f a i l u r e  i n  h o t  crane 

t h e  c a b  

m i s h a n d l i n g  

c r a n e  

120  

1 2 1  

122 

123 

124 

125 

126 

127 

128  

129 

(Elec t r ic  P o w e r  Supply)  

F a i l u r e  t o  s u p p l y  power t o  a motor  
c o n t r o l  c e n t e r  

F a i l u r e  t o  s u p p l y  power t o  o p e r a t i n g  
equipment  

F a i l u r e  of  emergency d i e s e l  g e n e r a t o r  
s y s  ten 

(Water  S u p p l y )  

F a i l u r e  of  w e l l  pump 

Cool ing  tower s y s  tern f a i l u r e  

F a i l u r e  of  c o o l i n g  water s u p p l y  h e a d e r  
F a i l u r e  of h e a t  exchanger  

F a i l u r e  of r e c i r c u l a t i n g  c o o l i n g  water 
r e t u r n  pump 

Closed-loop c o o l i n g  water c o n t a m i n a t i o n  
R a d i o a c t i v e  l e a k a g e  t o  t h e  envi ronment  
t h r o u g h  c o o l i n g  water 

(Steam G e n e r a t i o n  and D i s t r i b u t i o n )  

130 Leak i n  steam o r  c o o l i n g  c o i l  w i t h i n  

131  ' Righ steam p r e s s u r e  i n  p r o c e s s  

132 F a i l u r e  of steam s u p p l y  

p r o c e s s  v e s s e l  

e q u i  pnen t 

A p p l i c a b l e  Engineered  
S a f e t y  F e a t u r e s  

158, 159 

160 

* 

* 
* 

161, 162 

163, 164 

165 

170, 171 

6, 170, 172, 173, 176, 
175, 176,  177, 178, 179 

180, 181, 182, 183, 186, 
185, 186, 187, 188, 189  

190, 191, 192, 193 
* 
52, 194 
* 
190 

33, 195, 196 

38, 197 

33, 195,  197, 198 

82 

40, 52, 199 
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, 
TABLE 9 . 2 ,  Contd 

I n c i d e n t  Appl icable  Engineered 
Number I n c i d e n t s  S a f e t y  F e a t u r e s  

( Sa mp 1 i n g  ) 

133 Broken sample v i a l  20 1 

134 F a i l u r e  t o  survey  person  o r  material 202 
p r i o r  t o  removal from sample a i s l e  

135 A i r  r e v e r s a l  53, 204,  205,  215 

136 F a i l u r e  t o  o b t a i n  sample o r  a n a l y s i s  * 

137 Sample s p i l l  204 

138 Sampler p r e s s u r i z a t i o n  42,  5 2 ,  204 

139 F a i l u r e  of r a d i a t i o n  moni tor ing  devices  5 ,  206 

o r  delayed a n a l y s i s  

140 

141 

142 

143 

144 

145 

146 

147 

148 

149 

150 

( V e n t i l a t i o n  Sys ten)  

Loss of s t a c k  condensa te  t o  environment 

Sand f i l t e r  dep res s ion  

Water accumulation i n  t h e  sand f i l t e r  

Fan f a i l u r e  

C i r c u i t  b reaker  swi tch  f a i l u r e  i n  vent 
system 
Vacuum loss i n  p rocess  v e s s e l  vent 
sys tem 

Dampsr f a i l u r e  
HEPA F i l t e r  failure (no t  a p p l i c a b l e )  

(Gang Valve Opera t ion)  

6 0 ,  207 

2 0 0 ,  2 0 9 ,  210 

1 9 ,  68 

5, 211 ' 

212 

6, 5 2 ,  82, 213 

2 1 4 ,  215 
53, 60 

Severe p o t e n t i a l  r a d i a t i o n  exposure t o  27, 2 9  
personnel  i n  t h e  gang va lve  c o r r i d o r s  

F a i l u r e  of gang va lve  203 
20 2 

p r i o r  t o  removal from gang va lve  
c o r r i d o r  

F a i l u r e  t o  survey  person  o r  m a t e r i a l  

- 9.17 - 



TABLE 9.2, Contd 

Inciden: Applicable Engineered 
!Jumber Incidents - Safety Features 

(Compressed Air and Gas System) 

151 Compressed a i r  system fa iure  113, 217, 218 

152 Breathing a i r  system f a i l u r e  material 38, 1 1 3 ,  218, 219, 220, 221 

* Incidents which h a v e  no s a f e t y  feature  l i s t e d  are 2 ,  5, 34, 35, 43, &4, 46, 48, 
51, 53, 58, 60, 61, 73, 74, 83, 91, 114, 115, 116, 124, 126, and 136. Most of 
these  can be prevented by adminis trat ive  control .  

n 
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TABLE 9.3 
\ 

Engineered  S a f e t y  Feat= 

Number 

1 

h 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 
16 
17 

18 

19 

20 

S a f e t y  F e a t u r e s  

Canyon p r o c e s s i n g  areas t o  conf om t o  
maximum d e s i g n  c r i t e r i a  as d e f i n e d  by 
B u i l d i n g  S p e c i f i c a t i o n  7096 

S i t e  s e l e c t i o n  f r e e  from f l o o d i n g  

R e s t r i c t e d  and guarded  area f o r  a l l  
f a c i l i t i e s  

C a p a b i l i t y  f o r  temporary  emergency 
supply  of c o o l i n g  water t o  canyon 
v e s s e l s  

A u t o m a t i c a l l y  s t a r t e d  emergency 
d i e s e l  power f o r  c r i t i c a l  equipment  
L i g h t n i n g  p r o t e c t i o n  i n  e l e c t r i c  
c i r c u i t r y  

L i g h t n i n g  r o d s  on e l e v a t e d  equipment  

Steam t r a c i n g  o r  t h e r n a l  insu1ai:ion 
on l i q u i d  b e a r i n g  l i n e s  exposed t o  
w e a t h e r  
F i r e  s u p p r e s s i o n  sys tem 

Tempera ture  s e n s i n g  f i r e  d e t e c t o r s  i n  
c e l l s  

Automat ic  restarter on c r i t i c a .  
e q u i  pmen t 

Neutron moni tor  t o  d e t e c t  bui 1?,1- ,15 
f i s s i l e  materials 
D e d i c a t e d  p i p i n g  f o r  n i t r i c  a c i c  dnd 
ammonia co ld  f e e d  l i n e s  

A l l  v a l v e s  c l e a r l y  l a b e l e d  and 
i d e n t i f i e d  

Key l o c k  t r a n s f e r  s w i t c h e s  
Remotely c o n t r o l l e d  v a l v e s  

L i q u i d  l e v e l  i n s t r u m e n t a t i o n  w i t h  
f a u l t  i n d i c a t e  l i g h t  
High l i q u i d  l e v e l  -alarm 
S t a i n l e s s  s teel  l i n e d  sump 

R a d i a t i o n  alarms t o  d e t e c t  l e a k s  
o r  s p i l l s  

A p p l i c a b l e  I n c i d e n t s  

1, 3 ,  7, 98 

4 

6 

7 

8, 9, 3 0 ,  38 ,  41, 139, 
143 

9, 121, 144 

9 

10 

11 

11 

8, 25 

12, 39 

1 3 ,  21 ,  22,  76,  87 

1 3 ,  21 ,  2 2 ,  5 9  

13 

13 

54, 6 2 ,  65,  66, 72,  88  

14, 22 ,  29, 66, 72 ,  7 5 ,  78 
14, 15, 16, 20, 2 8 ,  31,  55,  

1 4 , . 1 5 ,  1 6 ,  20 ,  2 2 ,  27 ,  28 ,  
31, 4 0 ,  5 5 ,  56 

14, 19, 22, 28, 29 

8 2 ,  142 
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TABLE 9.3, Contd 

Number 

2 1  

22 

23 
24 

25 

26 

27 

28 

29 

30  

3 1  

32  

33 

34 

35 

36 

37 

3 8  

39 
40 

4 1  

1 2  

\ 

Safety Features 

Separation of sump alarms from sump 
pump control circuitry 

Liquid flow meter 

Liquid flow rate control 

Alarm for excessive flow 

Avoidance of expansion joints where 
possible 

Pneumatic-electric interfaces located 
in areas normally not occupied by 
personnel 

Gang valves located as high as possible 
above vessel level 

Seal pots on cold chemical addition 
lines 
Automatic air blow of gang valves if 
steam supply fails 

Double containment of gang valves and 
lines 

Shielded lines from gang valves to 
process vessel 

Siphon breaker on discharge piping 

"Cash" coil presure regulator 

Closed loop cooling system on cooling 
coils only 

Gamma radiation monitor 

Protection of piping from dropped loads 
Color coding of cold chemical systems 

Sampling and analysis capability 

High temperature alarm 

Temperature instrumentation 

Diversity in control instruments 

Blowdown capability for plugged 
instruments and samplers 

Applicable Incidents 

14, 15, 16, 20, 27, 55 

15, 77 

15, 77, 84 
77 

16, 27 

17 

17, 148  

17 

17, 148 

17 

17 

18  

18, 
19  

3 0  

19, 24, 29, 31, 42, 77, 84 

20 

21 

12, 22, 47, 52, 76, 77, 93, 
104, 129, 152 

22, 7 9 ,  8 0  

26, 52, 57, 79, 80, 82, 88, 
90, 93,  94, 95, 96, 101, 103,  
105, 132 

23 

16, 23, 81, 136, 138  

- 9.20 - 



TABLE 4.3,  Contd 

Number 

4 3  
44 
45  

46  
47 

48 

49 

50 

51 
52 

53 

54 
55 
56 

57 

58 

59 

60 

61 

62 

\ 

S a f e t y  F e a t u r e s  A p p l i c a b l e  I n c i d e n t s  

Ag i t  aZ o r 22 

Antifoam a d d i t i o n  l i n e  on r e b o i l e r s  22 

Carriers f o r  contaminated  v e s s e l s  and 24,  37 
e q u i paen  t 
Emergency p c r t a b i e  a i r  compressor  2 s  
Pneumatic  v a l v e s  d e s i g n e d  t o  f a i l  i n  25 
s a f e  p o s i t i o n  

electrical  c o n t r o l s  t o  be f a i l  s a f e  
from t h e  e f f e c t s  of  l i g h t n i n g  
S t a i n l e s s  s t e e l  l i n i n g  on lower  27 
18 i n c h e s  of c e l l  walls and f l o o r  
Leak c o l l e c t i o n  and d e t e c t i o n  sys tem 27 
b e n e a t h  canyon f l o o r  
C o r r o s i o n  r e s i s t a n t  material 27 
P r e s s u r e  i n s t r u m e n t a t i o n  1 4 ,  25,  52, 5 4 ,  6 4 ,  89,  93 ,  

CP i n s t r u m e n t a t i o n  15, 5 7 ,  85,  86 ,  96, 9 9 ,  

S p e c i f i c  g r a v i t y  i n s t r u m e n t a t i o n  15, 88 
C o n d u c t i v i t y  probe  on end of reel t a p e  29 
Purge  a i r  sys tem w i t h  f a u l t  alarm t o  30 ,  4 1  
p r o t e c t  a g a i n s t  a c c u m u l a t i o n  of ‘hydrogen 
S p a r e  p u r g e  a i r  blower w i t h  spark-  30, 38 
proof  e l e c t r i c a l  s y s t e m  
Cont inuous  hydrogen m o n i t o r s  and 30, 38 
alarms 

On c r i t i c a l  equipment ,  d e s i g n  9 

9 7 ,  125, 1 3 2 ,  138, 145 

135,  147 

Storm water d i v e r s i o n  s y s t e m  w i t h  28, 29,  30, 31,  41 ,  4 2 ,  45 
a u t o m a t i c  d i v e r s i o n  f e a t u r e  a c t i v a t e d  50, 56, 5 7 ,  62 
by redundant  m o n i t o r s .  ( M o n i t o r s  
s h o u l d  n o t  be s u b j e c t  t o  p luggagc  
by s a n d )  
P a r a l l e l  HEPA f i l t e r s  i n  t a n k  e x h a u s t  11, 33, 147 
v e n t i l a t i o n  

d i v e r s i o n  box 
S e l f - s e a l i n g  c o n c r e t e  c o v e r  over 20 

S a f e t y  l a t c h  on c r a n e  hooks 20 

- 9.21 - 



TABLE 9 . 3 ,  Contd 

Iiumber 

63 

64 

65 

66 

67 

6 8  

6 9  

7 0  

71 

72 

7 3  

74 

75  

7 6  

77 

7 6  

7 9  

81 

82 

83 

Safety Features 

Stainless steel lined diversion box 
cell 

Continuous monicoring of purge air 
flow from pump tank 

Cooling water flow alarms for waste 
tanks 

Ref lux condensers on waste tanks 

Continuous radioactive monitors and 
alarms of tank ventilation exhaust 

Dehumidifier in tank Ventilation 
exhaust 

Vibration measuring equipment for 
tanks during sludge slurrying 

Spray ring f o r  decontamination of 
slurry pumps during removal 

Shielded crane for slurry pump removal 

St read ined housing and connect ion 
design for slurry pumps 

Remote, shielded decontamination and 
maintenance facility for slurry pumps 

Minimize pipe lines under roadways 

Provide adequate protection for buried 
lines in immediate area of tanks, 
diversion bGxes, etc. from heavy 
equipment loads 

Specify 2nd post load bearing 
CapacitLes w a r  vital equipment 

Flush water system pressure higher 
than process system pressure ' 

Double containment of flush water 
lines from process to control valves 

Availability of pump-out equipment 
for waste tank and annular space 

Air purge maintained 
Pressure relief valve 

Interiock steam supply with 
temperature and pressure controls 

Applicable Incidents 

3 1 ,  56 

41 

32 

32 
33 

33 ,  4 9 ,  1 4 0 ,  142  

36 

37 

37 

37 

37 

39 

39 

39 

4 2  

4 2  

49  

5 7 ,  63  

52,  88 ,  9 3 ,  1 3 1 ,  145 

52 ,  93 
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TABLE 9.3, a n t d  

Nunber 

84 

85 

8 6  

a7 

8 8  

89  

9 0  

91 

92 

93 

94 

9 5  

96  

97 

98 
99 

100 

101 

102 

103 

104 

S a f e t y  F e a t u r e s  

I n t e r l o c k  o p e r a t i o n  c o n t r o l  w i t h  
condenser  c o o l i n g  w a t e r  

Vent d i s s o l v e r  of f -gas  condenser  t o  
canyon 

Vent d i s s o l v e r  t o  v e s s e l  v e n t  sys tem 

Automatic  c e n t r i f u g e  b r a k i n g  i f  
v i b r a t i o n  i s  s e v e r e  
V i b r a t i o n  f r e q u e n c y  and a m p l i t u d e  
r e a d o u t  
High p r e s s u r e  s p r a y  i n  c e n t r i f u g e  

I n t e r l o c k  t o  p r e v e n t  plowing a t  h i g h  
s p e e d  i n  c e n t r i f u g e  

C o n d u c t i v i t y  meter on s p e n t  r e g e n e r a t e d  
s o l u t i o n  on C s  column 

C i r c u l a t e d  c o o l i n g  water t h r o u g h  
z e o l i t e  column 

Keep r e s i n  submerged i n  l i q u i d  

S t e a n  s t r i p p e r  

Down d r a f t  condenser  on e l u t r i a n t  
r e c o v e r y  

Demister a t  vapor  stream e x i t  on 
s t r i p p e r  

P r e s s u r e  r e l i e f  t h r o u g h  purge 
c o n d e n s e r  

Heat t r a c i n g  
100% weld i n s p e c t i o n  

High t e m p e r a t u r e  s h u t  o f f s  p r o v i d e d  
Tempera ture  moni tor  f o r  waste i n p u t  
stream o f  s p r a y  d r y e r  
C u r r e n t  and v o l t a g e  are m o n i t o r e d  for 
s p r a y  d r y e r  h e a t e r s  

Coolant  flow i s  moni tored  f o r  s p r a y  
d r y e r  h e a t e r s  

Automatic  system shutdown f o r  s p r a y  
d r y e r  h e a t e r s  when m a l f u n c t i o n  o c c u r s  

A p p l i c a b l e  I n c i d e n t s  

64 

64 

65 

6 7 ,  6 8 ,  7 0  

6 7 ,  6 8 ,  70 

6 9 ,  71 

71 

78 

79 

82 

84 

85 

86 

89 

90 
9 2 ,  111 

9 4 ,  1 0 1 ,  105 
9 4 ,  101, 105 

9 4 ,  101, 103, 105 

9 4 ,  101, 103, 105 

9 4 ,  101, 103, 105 
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TABLE 9 .3 ,  Contd , 
Number S a f e t y  Fea tu res  

105 Sloped s u r f a c e s  of cone ( 6 0 "  from 
h o r i z o n t a l )  t o  reduce c a l c i n e  
accumula t ion  on chamber s u r f a c e  

106 Cor ros ive  r e s i s t a n t  m a t e r i a l s  
( " Inco loy"  800H or  "Has te l loy  C") f o r  
sp ray  d rye r  c o n s t r u c t i o n  t o  minircize 
c o r r o s i o n  

107 

108 

109 

110 

111 

112 

113 

114 

115 

116  

117 

118  

1 1 9  

120  

1'1 . 
122 

Temperature i n s t r u m e n t a t i o n  and 
c o n t r o l s  on coo l ing  water flow t o  
i n d u c t i o n  h e a t e r  c o i l  
D i f f e r e n t i a l  p r e s s u r e  measurement 
a c r o s s  f eed  nozz le  

Remotely opera ted  c l eanou t  need le  f o r  
n i x  nozz le  
Design r e s i s t a n c e  t o  p r e s s u r i z a t i o n  
P r e s s u r e  moni tors  w i th  shutdown i n t e r -  
l o c k s  f o r  h igh  sp ray  d rye r  p r e s s u r e  
Ho uncontained p e n e t r a t i o n  through 
r e f r a c t o r y  or  containment s h e l l  below 
m e l t  l i n e  

Redundant compressed a i r  wi th  auto- 
ma t i c  s tar ter  
Ho l t en  g l a s s  l e v e l  c o n t r o l  dev ices  wi th  
backup thermocouple l e v e l  s e n s o r s  

Alarms t o  i n d i c a t e  power loss, COP 
p re s sed  a i r  l o s s ,  low vacuum, and 
in s t rumen t  f a u l t s  i n  t h e  g l a s s  me l t ing  
p rocess  
Use of c u r r e n t  c o n t r o l  o r  e l e c t r o d e s  
t o  ma in ta in  uniform c o n d i t i o n  

Al umin um d i s  s o l v i n g  

Adequate canyon exhaus t  f i l t r a t i o n  

Cell f l u s h  system des igned  t o  prevent  
s p l a s h i n g  of water on hot equipment 
and t o  prevent  accumula t ion  of water 
on t h e  f l o o r  

Rad ia t ion  moni tors  f o r  a i r b o r n e  con- 
t amina t ion  

Weld i n s p e c t i o n  and t e s t i n g  

Q / A  c o n s t r u c t e d  overpack 

Appl icable  I n c i d e n t s  

94 

95 

96 

96 

96 

97 

97 

109, 110 
A 

15, 151, 152 

15 

15 

15 

15 

15 

110 

111 

111 

111 

- 9 . 2 4  - 
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TABLE 9.3, ,Contd 

Number 

123 

124 

125 

126 

127 

128 

129 
130 

131 

132 

133 

134 

135 

136 
137 

138 

139 , 

S a f e t y  F e a t u r e s  

C y l i n d r i c a l  des ign  minimizes proba- 
b i l i t y  of r e f r a c t o r y  c o l l a p s e  

Grounding of nelter s h e l l  and f l o a t i n g  
e l e c t r o d e s  

Use of i n s u l a t e d  power c a b l e s  ,cather  
t h a n  bus ba r s  

E l e c t r i c a l  i s o l a t i o n  of i n s t rumen t s  

Use of fixed r e s i s t a n c e  h e a t e r  i n  
pour spout  r a t h e r  than  r e t r a c t a b l e  
e l e c t r o d e s  

Moni tor ing  o€ ground c i r c u i t  on 
melter she.11 f o r  p o s s i b l e  d e t e c t i o n  
of a r c i n g  

Top e n t e r i n g  e l e c t r o d e s  
E x t e r n a l  l e v e l  d e t e c t i o n  dev ice  such  
a s  s o n i c  in s t rumen t  

F a i l s a f e  t i l t  mechanism such  t h a t  
power loss w i l l  r e s u l t  i n  melter 
r e t u r n i n g  to v e r t i c a l  p o s i t i o n  

Automatic s h u t o f f  of f eed  shou1.d 
power loss or p r e s s u r i z a t i o n  oc:cur 

R e t r i e v a b l e  c a t c h  pan benea th  o ie l te r  
and c a n i s t e r  

Dump c a n i s t e r s  benea th  bottom f r e e z e  
plug. Combined volume of dump c a n i s t e r  
should  be l a r g e r  t han  melter volume 
Two dump canisters w i t h  total volume 
g r e a t e r  than  t h a t  of t he  melter and 
wi th  shroud t o  p r o t e c t  a g a i n s t  e n t r a n c e  
of water  

Use of a i r  c o o l i n g  f o r  e l e c t r o d e s  

Engineered c o n t r o l s  f o r  minimizing 
g l a s s  s p i l l s ,  such as l e v e l  and weight  
c o n t r o l  

S t r a t e g i c a l l y  p l aced  thermocouples  on 
melter o u t e r  s u r f a c e  t o  d e t e c t  e r o s i o n  
or c o r r o s i o n  of t he  l i n e r ,  e s p e c i a l l y  
i n  t h r o a t  a r e a  
Low g l a s s  v e l o c i t i e s  

App l i cab le  I n c i d e n t s  

107 

108 

108 

108 

108 

108 

108, 110 

109, 110 

109, 110 

109, 110 

109, 110 

109, 110 

106 

106 

106 

107 

106 

- 9 . 2 5  -- 
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TABLE 9 . 3 ,  Contd 

Number 

140 

141 

142 

143 

144 

145 

lA6 

14 7 

148 

149 

150 

151 

152 

153 
154 

155 

156 

S a f e t y .  F e a t u r e s  

Redundancy i n  power s u p p l y  t o  r e d u c e  
t h e r m a l  shock from r e p e a t e d  r e c o v e r i e s  
f rom loss of  power 

Avoidance of s t a r t u p  u s i n g  l i q u i d  
sodium h y d r o x i d e  f o r  normal o p e r a t i o n  

R e f r a c t o r y  s p e c i f i c a t i o n s  i n c l u d e  use  
of void-f ree and dense  r e f r a c t o r y  
s p e c i a l  b l o c k  f i n i s h e s  i n v o l v i n g  
diamond t r u i n g  and g r i n d i n g ,  j o i n t s  
made as  t h i n  as  p o s s i b l e ,  and 
o p t i m i z e d  b l o c k  s i z e  
Maximum v o l t a g e  less t h a n  300 t o  
r e d u c e  amount of c u r r e n t  carried 
by r e f r a c t o r y  
Water c o o l e d  s t ee l  s h e l l  p r o v i d e s  
s e c o n d a r y  j a c k e t  f o r  g l a s s  c o n t a i n m e n t  
so t h a t  f a i l u r e  of r e f r a c t o r y  w i l l  n o t  
r e s u l t  i n  loss of  g l a s s  
P r e s s u r e  r e l i e f  d e v i c e ,  such as seal 
p o t ,  p r o v i d e d  
F i l t e r  blowback sequenced  t o  a v o i d  
p r e s s u r i z i n g  s p r a y  d r y e r  
Of f-gas  blower s p a r e d  

I n t e r l o c k  t o  shutdown f e e d  and f i l t e r  
blowback f o r  e x h a u s t e r  f a i l u r e  

O n l i n e  p a r t i c u l a t e  a n a l y z e r  

Off-gas  sys tem d e s i g n e d  t o  h a n d l e  
t o t a l  f i l t e r  f a i l u r e  

S e q u e n t i a l  f i l t e r  u n i t s  

Sand f i l t e r  f o r  c a l c i n i n g  f i l t e r  
s y s t e m  

F i r e  r e s i s t a n t  f i l t e r  h o u s i n g s  
T e n p e r a t u r e  i n s t r u m e n t a t i o n  and alarms 
Gamma m o n i t o r  w i t h  alarm downstream 
of  a d s o r b e r  

S loped  f l o o r i n g  t o  enhance  r a p i d  water 
d r a i n a g e  and removal t o  r e m o t e l y  
located sump 

A p p l i c a b l e  I n c i d e n t s  

107 

107, 108 

107 

107 

1 0 7 ,  1 0 9 ,  110 

97 

97 

97 

97 

99 

99 

100 

100 

100 

102 

102 

106 

- 9 . 2 6  - 
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TABLE 9.3, Contd 

Number 

157 

158 

159 

160 

161 

162 

163 

164 

165 

166 

167 

168 

169 

170 

171 

1 7 2  

1 7 3  

1 7 4  

Safe ty  Features Appl icable  I n c i d e n t s  

S t a i n l e s s  s t e e l  l i n i n g  on c e l l  ,€ loor  106 

Double f i l t e r s  i n  series on t h e  c rane  
cab a i r  cond i t ione r  

I n s t a l l  c o n t r o l l e d  access  t o  the  c rane  
cab  
Provide emergency e x i t  on the  c rane  cab 

Crane cab le  overload devices  

Provide dead man c o n t r o l  on t h e  c rane  
Redundant des ign  f o r  t he  crane brake 

Provide spa re  impact wrench 
Redundant o p t i c a l  system on t h e  c rane  
cab 

Mul t ip l e  source  of e l e c t r i c a l  gc. 'nera- 
t i o n  (onplant  as w e l l  a s  o f f p l a n t )  

E l e c t r i c  power taken  from a loop  wi th  
power coning from e i t h e r  d i r e c t i o n  on 
t h e  loop 
Redundant t ransformers  each capable  of 
c a r r y i n g  t h e  e n t i r e  area e l e c t r i ~ c a l  load 

Automatic t i e - i n  of double ended a r e a  

Redundant, v i t a l  equipment auto- 
m a t i c a l l y  suppl ied  power from s e p a r a t e  
motor c o n t r o l  c e n t e r s  
U n i n t e r r u p t a b l e  i n s t r u m e n t  power 
s u p p l i e s  

l oop  

112 

112 

113 

117 

117 

118 

118 

119 

8 

0 

8 

8 

120, 121 

120 

Safe ty  r e l a t e d  e l ec t r i ca1 , equ ipmen t .  121 
inc lud ing  condui t  swi tchgear  and motor 
c o n t r o l  c e n t e r s ,  s h a l l  be designed t o  
meet se i smic  cr i ter ia  and environmental  
cond i t ions  
Redundant r o u t i n g s  of power and c o n t r o l  121 
c a b l e s ,  f o r  s a f e t y  r e l a t e d  c i r c u i t s ,  
s h a l l  be run s e p a r a t e l y  

Cont ro l  and power cab le s  s h a l l  be run 121 
s e p a r a t e l y  



TABLE 9.3,  Contd , 
Number S a f e t y  Fea tu res  Appl icable  I n c i d e n t s  

175 The e l e c t r i c a l  power systems impor t an t  121 
t o  s a f e t y  s h a l l  be des igned  t o  i n c l u d e  
t h e  c a p a b i l i t y  f o r  p e r i o d i c a l l y  t e s t i n g  
t h e  o p e r a b i l i t y  and f u n c t i o n a l  pe r fo r -  
mance of t hose  system components and t h e  

176 

177 

178 

179  

180 

181 

182 

183 

184 

185 

186 

187 

o p e r a b i l i t y  of t h e  system as a wkole 

Concrete t h a t  encases  bur ied  condu i t  
f o r  power d i s t r i b u t i o n  i s  dyed red t o  
i n d i c a t e  c o n t e n t s  

Cable encasements f o r  s a f e t y  r e l a t e d  
f u n c t i o n s  a r e  maximum r e s i s t a n c e  
c o n s t r u c t i o n  
Proximi ty  of l i qu id -bea r ing  l i n e s  
above motor c o n t r o l  c e n t e r  should  be 
avoided where p o s s i b l e  
Proximi ty  of e l e c t r i c a l  equipment t o  
thermal ly  hot p rocess  equipment should  
be avoided  where p o s s i b l e  

Two s e p a r a t e  maxirmm r e s i s t a n c e  
emergency power system 

Primary o i l  supply t anks  (day t anks )  
f o r  d i e s e l s  a r e  maximum r e s i s t a n c e  
c o n s t r u c t i o n  

E i t h e r  d i e s e l  i s  s i z e d  t o  c a r r y  f u l l  
a r e a  emergency load  wi th  c a p a b i l i t y  
f o r  manual switch-over when one f a i l s  

I n s t a l l  emergency g e n e r a t o r  o p e r a t i n g  
i n d i c a t i o n  

A u t o t r a n s f e r  t o  emergency power, not 
r e spons ive  t o  momentary s u r g e s ,  
s e q u e n t i a l  l oad ing ,  au tomat i c  reset 
Provided b a t t e r y  cha rge r  

Diesel g e n e r a t o r  room i s  hea ted  t o  
ma in ta in  t empera tu res  above f r e e z i n g  

All emergency electric equipment 
should be l o c a t e d  t o  p r o t e c t  a g a i n s t  
steam, water  o r  p rocess  f l u i d  l e a k s  
which could cause ambient t empera tu res  
or  humidity t o  r i s e  t o  a l e v e l  caus ing  
e l e c t r i c a l  equipment mal func t ion  

12 1 

121 

12 1 

121 

122 

122 

122 

122 

122 

122 

122 

122 

n 

- 9.28 - 



TABLE 9.3 , 'Contd 

Number 

188 

189 

190 

1 9 1  

192 

193 

194 

195 

196 

197 

199 

2 00 

2n1  

202 

203 

2 04 

205 

206 

207 
208 

S a f e t y  F e a t u r e s  

Emergency e lectr ical  equipment  s h o u l d  
be p r o t e c t e d  from p o t e n t i a l  a c c i d e n t -  
g e n e r a t e d  f l o o d i n g  

Fire w i t h i n  one e lectr ical  e n c l o s u r e  
s h o u l d  n o t  s p r e a d  t o  redundant  e l e c t r i c  
e q u i p n e n t  

I n s t a l l  redundant  backup pump w i t h  
a u t o m a t i c  s t a r t  
I n s t a l l  d i e s e l  power o r  steam d r i v e n  
pump backup 

S u f f i c i e n t  i n v e n t o r y  of  water i n  
c o o l i n g  tower t o  a c h i e v e  s a f e  shutdown 
Des ign  pump f o r  c o l d  weather  c o n d i t i o n  

P r e s s u r e  s e n s o r  and alarms 
Water d i v e r s  i o n  t o  re t e n t  i o n  ba 5 i n  

A c t i v i t y  moni tor  f o r  c l o s e d - l o o p  
c o o l i n g  water 
A c t i v i t y  moni tor  and alarms i n  steam 
c o n d e n s a t e  d i s c h a r g e  

Des ign  p r e s s u r e  r e d u c i n g  s t a t i o n  f o r  
winter c o n d i t i o n s  
Dikes o r  c u r b i n g  t o  c o n t a i n  v e s s e l  
c o n t e n t s  

Redes ign  of  v i a l  r e t a i n e r  of sample 
v i a l  
Sensitive monitoring equipment at exits 
t o  u n r e g u l a t e d  areas 

A l t e r n a t i v e  pumpout equipment  i n  case 
o f  gang v a l v e  f a i l u r e  

Use of  s h i e l d e d  sample ce l l  
P r e s s u r e  d i f f e r e n t i a l  alarm 
Redundant a i r  m o n i t o r s  powered by 
s e p a r a t e  electrical  s o u r c e  
S t a c k  w i t h  a c i d  r e s i s t a n t  b r i c k  l i n e r  

D e p r e s s i o n  gauge and alarm f o r  sand 
f i l t e r  

A p p l i c a b l e  I n c i d e n t s  

122 

122 

123, 127 

123 

123 

123 

125 

128,130 

128 

130 

132 

14,  16, 21, 22 

133 

134, 150 

149 

135, 136, 137, 138  

135 

139 

1 4 0  

14 1 



TABLE 9.3,  Contd 

Number S a f e t y  F e a t u r e s  

2 09 S t a i n l e s s  s t ee l  sand bed s u p p o r t  o v e r  

210 Roof and s i d e s  of  sand  f i l t e r  s e a l e d  

l a t e r a l  d u c t s  

t o  p r e v e n t  water from l e a k i n g  i n t o  
sand  

211 P a r a l l e l  f o r  s y s t e m  w i t h  a u t o m a t i c  
s t a r t  

212 C i r c u i t  b r e a k e r  s w i t c h  i n  weather  
proof box 

213 Redundant vacuum s y s t e m  w i t h  bypass  
v a l v i n g  c a p a b i l i t y  

214 Automatic and manual c o n t r o l  
c a p a b i l i t y  cin dampers 

215 A i r  r e v e r s 2 1  warning  sys tem 

216 S t a c k  l o c a t e d  f a r  enough from 
i m p o r t a n t  s t r u c t u r e s  so t h a t  it would 
n o t  c a u s e  s i g n i f i c a n t  damage i f  i t  f e l l  

217 Automat ic  i s o l a t i o n  of sys tem i f  
loss of compressed a i r  o c c u r s  

218 I n s t r u n e n t a t i o n  and a l a r m s  f o r  s y s t e m  
p r e s s u r e  and compressor  o p e r a b i l i t y  

219 F i l t r a t i o n  s y s t e m  f o r  removal of o i l  
and o t h e r  i m p u r i t i e s  f rom b r e a t h i n g  a i r  

220 Redes ign  of b r e a t h i n g  a i r  c o n n e c t i o n s  
t o  p r e v e n t  a g a i n s t  a c c i d e n t a l  
c o n n e c t i o n  of  o t h e r  g a s e s  

A p p l i c a b l e  I n c i d e n t s  

141 

14 1 

14 3 

144 

14 5 

146 

135,  146 

1 ,  3 

15 1 

151,  152 

152 

152 

221 K i n k - r e s i s t a n t  b r e a t h i n g  a i r  hoses 152 

- 9 . 3 0  - 
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TABLE 9.4 

- -  SRP Whole Body Occupational Dose 

Year 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

- 
Number of Total 
Employees Dose, 
Monitored rem 

4977 2340 

5032 2074 

5041 . 2604 

4875 2412 

4705 2758 

4626 2353 

4836 2401 

5210 1711 

5005 1488 

5138 1367 

5263 1161 

Average Over Period 

-- 
Average Dose 
per Monitored 
Employee, rem 

0.47 

0.41 . 

0.52 

0.49 

0.59 

0.51 

0.50 

0.3.3 

0.30 

0.27 

0.22 

0.4.2 
-- 

Maximum 
Individual 
Exposure, rem 

2.9 

3.4 

3.0 

3.3 

3.2 

3.7 

3.3 (24 .8 )  

3.4 

2.7 

3.1 

2.7 

TABLE 9.5 

SRF' Reprocessing Area Whole Body Occupational Dose 

Year 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1s:2 

1973 

1974 

1975 

- 

Number of 
Emp lo y ee s 
Monitored -- 
1501 

1497 

1489 

1454 

144 1 

1378 

1567 

1756 

1613 1 

1674 

1781 

Total 
Dose, 
rem - 
916 

928 

980 

829. 

994 

868 

815 

685 

742 

7 20 

57 0 

Average Over Period 

Average Dose Maximum 
per Monitored Individual 
Employee, rem Exposure, rem 

0.61 2.8 

0.62 3.1 

0.66 3.0 

0.57 2.9  
0.69 2.9 

0.6:3 

0.5.2 

0.39 

0.46 

0.4:3 

2.6 

2.8 

2.9 

2.7 

2.9 

0.3.2 2.7 

0.54 
-- 

- 9.31 - 



TABLE 9.6 

Occupatianal Radiation Exposure 

Basis: Process to Glass; Ship to Offsite Geologic Disposal 

Rem/Year in Maximum Year 
Operational Module SRP Experience DOE Standards 

Removal from tanks 4.2 5.0 x 101 

Processing 2.31 x lo2 2.75 103 

Transportation 1.40 x 102 1.40 x 102 

Storage 0 0 

Total/max. yr (rem) 3.75 x 102 2.94 103 

Total for campaign (rem>a 3 .75  x lo3 2.94 103 

a. See Table 9.7 for campaign times. 

TABLE 9.7 

Manpower and Time Requirements 

Operation 

Reconstitute, transfer from 
old to new tank 

Decontaminate old tank 

Remove 60 million gallons from 
present tanks, transfer to new 
processing building 

Process 60 million gallons to 
glass, 10-year time 

Transport glass offsite 

NO. Of 
Employeesa Time Required 

6 6 months 

6 6 months 

10 10 years 

550 10 years 

Use BWD 10 years 
treatment 

a. Includes supervision and overhead. 

- 9 . 3 2  - 



TABLE 9.8 

Non-Nuclear Occupational Casualties During Construction of New Facilities 
\ - Events /Year 

Major 
Injuries Deaths - 

Construction of  Processing Facilities 460 5 

Fabrication of Transportation Casks 39 0.5 
and Vehicles 

0.4 - 28 Construction o f  Storage Facilities -- 
Total for Campaign 530 5.9 

TABLE 9.9 

Non-Nuclear Occupational Casualties During the Operational Campaign 

Eventslyear 
Minor Major 
In juries Injuries Deaths 

Removal from Tanks 1.5 0.0013 0.00016 

Processing 80.5 0.078 0.0089 
Transportation - 1.6 0.052 

Storage 0.58 0.0051 0.00006 

Total per Year 83 1.7 0.061 

Total for Campaign 990 16 0.63 

-- 

TABLE 9-10  

DOE Radiation Exposure Limits to Offsite Individuals, mrem 

Type of Exposure 

Whole Body 

Gonads 

Bone Marrow 
G. I. Tract 

Bone 

, Thyroid 

Other Organs 

Maximum 
Individual 
Dosea 

500 

500 
500 

1500 

1500 

1500 

1500 

Average 
Population 
Dose 

170 

170 

170 

500 
500 

500 

500 

a .  These individuals are assumed to be at the site 
boundary under conditions of maximum probable 
exposure. 
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TABLE 9.11 

Typical State and Federal Air and Water Quality Standardsa [9,101 

Pollutant 

so2 

so2 
so2 

so2 

so2 
Particulates (Fly Ash) 

NO, 

H2S 

Nonmethane Hydrocarbons 

Sulfate 

Chloride 

Nitrate 

Barium 

Iron 

Boron 

Zinc 

Chromium 

Manganese 

Arsenic 

Mer cur y 

Copper 

Phenob 

Limiting 
Concentrations 

80 g/m3 

43 g/m3 

1300 g/m3 

715 g/m3 

3 .5  lb/106 Btu 

0.6 lb/106 Btu 

100 g/m3 

10 ppm, 8 hr 

130 g/m3 

250 ppm 

250 ppm 

10 PPm 

1 PPm 

0.3 ppm 

1 PPm 

5 PPm 

0.05 

0.05 ppm 

0.05 ppm 

0.002 ppm 

1 PPm 

0.001 ppm 

Comment 

Ambient air, SC 

Ambient air, GA 

One-hour, air, SC 

One-hour, air, GA 

Air emission, SC 

Air emission, SC 

Ambient air, SC and GA 

Air, detectable effects 

Three-hour, air, SC 

Drinking water standard, Federal 

DrinWng water standard, Federal 

Drinking water standard, Federal 

Drinking water standard, Federal 

Drinking water standard, Federal 

Drinking water standard, Federal 

Drinking water standard, Federal 

Drinking water standard, Federal 

Drinking water standard, Federal 

Drinking water standard, Federal 

Drinking water standard, Federal 

Drinking water standard, Federal 

Drinking water standard, Federal 

a. The above listing is not meant to imply that all the chemicals would be . -  
released from the waste management facilities. 
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TABLE 9.12 \ 

Summary of Risks  f o r  ProcessinR Waste t o  Glass ( g l a s s  s t o r e d  i n  o f f s i t e  geologic  s t o r a g e )  

Event 

Removal from Tanks 

Routine Releases 

Sludge S p i l l  

S p i l l  a t  I n l e t  

Tornado 

S p i l l  

Fxplos  i o n  

Sabot  age 

Below-Ground Leaks 

Process ing  

Routine Releases 

Process  I n c i d e n t s  

Sabotage 

Airp lane  Crash 

T r a n s p o r t a t i o n  

Routine Exposures 

Accidents  

S torage  

Expected Releases 

Time-Integrated Risk,  
man-remb 

Maximum 
I n d i v i d u a l  
Dose, rema 

Neg 1 i g  i b  l e  

5.0 

1.2 1 0 ’ ~  

2.0 

2.0 x 

7.8 

1.2 x 10 

1.5 x 10-1 

2 

2.2 1 0 - ~  

< L O  

1 4 . 2  x 1 0  

1.5 x 10-1 

5.0 

6.9 x 10-1 

N e g l i g i b l e  

a. Equivalent  whole body dose ,  rem. 

Popula t ion  Dose 
f o r  Maxi~nw Year, 
man-rem 

1.4 

1.5 x 1 0  1 

3.7 x lo1 

1 

3 

4 

5 

5 

5.4 x 110 

1.1 x 10 

3.0 x 1 0  

3.5 x 10 

1.7 x 10 

3 . 0  

4 . 2  x 10-l 

8.9 x 1 0  

3.1 x 11) 

4 

2 

1 6 . 3  x 1 0  

1.2 x l o L  

2 1.3 x 1 0  

P r o b a b i l i t y  Maximum Risk 
Events  /Year man-rem/Y ear 

1.0 1.4 

5.0 x 7.5 x 10-1 

5.0 x 10” 1.9 

5.0 5 . 4  

2 6.0 3 . 2  x 10 

1.0 3.0 

1.0 3.5 

1.0 1.7 

1.0 3.0 

1.0 4.2 x 10-1 

1.0 8 . 9  io-’ 

7.0 x 2.2 

1.0 6.3 x 10’ 

1.3 x 1.5 x 10” 

9.0 x 102 

2 1.0 1.3 x 10 

b. Annual popula t ion  r i s k  i n t e g r a t e d  f o r  300 y e a r s ,  account ing f o r  r a d i o a c t i v e  decay 
and popula t ion  growth by a f a c t o r  of 5. 
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TABLE 9.13 , 
Radionuclide ‘Deposit ion L i m i t s  for Evacuation and R e s t r i c t i o n s  on Farming, C i / m  2 

Evacuation 
Direct R e s t r i c t i o n s  on Farming 

I so tope  Rad ia t ion  I n h a l a t i o n  F i r s t  Year Longer 

Sr-90 - 2 4 2 

Pu-238, 239 - 1 

CS-137 3 1 2 x 8 x 10’’ 

- - 

TABLE 9.14 

Radia t ion  Dose Criteria, 

Evacuation L imi t s  

Ex te rna l  I r r a d i a t i o n  

I n h a l a t i o n  

Farming R e s t r i c t i o n s  
(Short  Term) 

Sr-90 

CS-137 

Farming Restrict i o n s  
(>1 yea r )  

Sr-90 

CS-139 

10 rem t o  whole body i n  30 y e a r s  

75 rem t o  cr i t ical  organ i n  50 y e a r s  

a 4 rem t o  bone marrow i n  f i r s t  yea r  

5 rem t o  whole body i n  f i r s t  yeara  

(5 rem t o  bone marrow i n  50 y e a r s ) / y e a r  

(1 rem t o  whole body i n  50 y e a r s ) / y e a r  

a. The 50-year dose commitments due t o  t h e s e  exposures i n  t h e  
f i r s t  yea r  are about 25 rem t o  t h e  bone marrow from Sr-90 
and 5 rem t o  t h e  whole body from Cs-137. (Almost a l l  t h e  

inges t ed . )  
‘ dose from Cs-137 i s  rece ived  i n  t h e  year  i n  which i t  i s  

Q 
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TABLE 9.15 

Contami.nation E f f e c t s  from Sabotage During Removal 
of  Waste from Tanks 

' Distance from 
Release,  lan 

15-20 

20-25 

25-30 

30-3:. 

35-40 

40-45 

45-50 

50-55 

55-60 

T o t a l  OEfsi te  

Acres 
Decontaminat E!CJ 

8.5 x 10 

1.1 x 10 

1.3 x 10 

1.6 x 10 

1.8 x 10 

2.1 x 10 

2.3 x 10 

2.5 x 10 

0 

1.3 x 10 

3 

4 

4 

4 

4 

4 

4 

4 

5 

People Moved 

2.2 x 10 

3.2 x 10 

0 

0 

0 

0 

0 

0 

0 

2.5 x 10 

3 

2 

3 

Table 9.16 

Contamination E f f e c t s  from Sabotage During Waste P rocess ing  

Distance from Acres People 
Release,& Decontaminate<! Moved 

15-20 8.5 x 10' 0 

20-25 0 0 

0 T o t a l  O f f s i t e  8.5 x 10 3 

TABLE 9.17 

Consequences of Runoff from Abandoned S a l t  Tanks 
Reaching t h e  Savannah River 

EPA Drinking River Water 
Component Concentration Water Standard 

CS-137 1.1 -x nCi/L < 8  x nCi/L 

8 x nCi/L Sr-90 2.2 x nCi/L 

Pu (tota.1) 6.2 x nCi/L 1 .5  x nCi/L 

U 5.8 x mg/L 5.0 x 10-1 mg/L 

Hg 1 . 4  x mg/L 2.0 x mg/L 

 NO^ + NO., 2.0 x 10-1 mg/L >1.0 mg/L 
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10. MATERIALS OF CONSTRUCTION 'G . Wicks) 

10 .1  General Considerat ions 

The b a s i c  material of cons t ruc t ion  tha t  w i l l  be  used i n  
t h e  DWPF w i l l  be 304L stainless steel, which has  good co r ros ion  
r e s i s t a n c e  t o  high-level  waste a t  most of t h e  a n t i c i p a t e d  working 
temperatures .  I n  a d d i t i o n ,  Type 304L s t a i n l e s s  steel  i s  a d u c t i l e  
material wi th  good f a t i g u e  p r o p e r t i e s ,  l o w  s e n s i t i z a t i o n  dur ing  
welding which means good r e s i s t a n c e  toward s t r e s s -co r ros ion  
c racking ,  and i s  a material of good s t r e n g t h  t h a t  i s  cos t - e f f ec t ive .  
Type 304L s t a i n l e s s  steel has been used ex tens ive ly  a t  Savannah 
River wi th  good experience.  
as w e l l  as Types 316 o r  316L s ta in l less  steel, can be used i n  many 
areas of t h e  s o l i d l f i c a t i o n  opera t ion ,  t h e r e  are c e r t a i n  areas 
t h a t  w i l l  r e q u i r e  s p e c i a l  materials. For example, i n  areas sub- 
j e c t e d  t o  h a l i d e s  and t h e i r  ac id  so. lut ions,  e s p e c i a l l y  a t  e l eva ted  
temperatures ,  nickel-based a l l o y s  such as "Hastelloy", "Inconel", 
o r  "Incoloy" w i l l  be  d e s i r a b l e .  

Although Type 304L s t a i n l e s s  steel, 

Areas of i n t e r e s t  inc lude  ex te rna l  p ip ing ,  t anks ,  s epa ra t ion  
f a c i l i t i e s ,  s a l t -hand l ing  ope ra t ions ,  spray  d r y e r ,  o f f -gas  system, 
t h e  ceramic m e l t e r ,  and glass-waste c a n i s t e r s .  Materials s e l e c t i o n  
w i l l  b e  determined by ma te r i a l  s p e c i f i c a t i o n s ,  working experience 
a t  Savannah River and B a t t e l l e  ?!orthwest Labora tor ies ,  and i n  
s e v e r a l  i n s t a n c e s ,  by cu r ren t  experimental  programs. 

For s o l u t i o n s  conta in ing  nitric: a c i d ,  Types 304L, 321, and 
347 s t a i n l e s s  s t e e l s  can be used f o r  process ing  t h e s e  s o l u t i o n s  
over a wide range of temperatures  and concen t r a t ions .  
s tee l s  or higher  n i cke l  a l l o y s  with r e l a t i v e l y  high chrome 
content  (Types 309, 310, and 20Cr-29Ni) would provide b e t t e r  
r e s i s t a n c e  t o  cor ros ion  by n i t r i c  a c i d  conta in ing  c h l o r i d e  i o n s .  

S t a i n l e s s  

10.2 External Piping 

Coaxial  p ipes  w i l l  be  used t o  t r a n s p o r t  t h e  feed  streams 
from t h e  d ive r s ion  box i n t o  t h e  Waste Processing F a c i l i t y .  
i nne r  p ipe  o r  p ipes ,  which w i l l  be  i n  con tac t  with t h e  waste, 
should be cons t ruc t ed -  from Type 3041, stainless s t e e l .  
j acke t  may be cons t ruc ted  from a mi1.d s teel .  This  coax ia l  p ipe  
arrangement i s  c u r r e n t l y  being used f o r  t r a n s f e r r i n g  waste i n t o  
and out of  s t o r a g e  tanks.  

The 

The o u t e r  
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10:3 I n t e r n a l  P ip ing  

Piping t o  be used i n s i d e  t h e  Waste Processing F a c i l i t y  w i l l  
be cons t ruc ted  of Type 304L s t a i n l e s s  steel .  

10 .4  Separa t ion  F a c i l i t i e s  

P ip ing ,  va lves ,  and j o i n t s  w i l l  be  made p r imar i ly  of 
Type 304L s t a i n l e s s  steel. Equipment, such as commercially 
a v a i l a b l e  p a r t s  of t h e  c e n t r i f u g e  and o the r  components, can 
a l s o  be  cons t ruc ted  of e i t h e r  Types 316 o r  316L s t a i n l e s s  steel. 
These a l l o y s  o f f e r  better co r ros ion  r e s i s t a n c e  as w e l l  as being 
less s u s c e p t i b l e  t o  p i t t i n g ,  compared t o  Type 394L stainless  
steel. 

10.5 Spray Dryer 

The l ead ing  materials candida tes  f o r  cons t ruc t ing  t h e  spray  
d rye r  are t h e  nickel-based a l l o y s  "Hastelloy" C-4* and "Incoloy" 
800H ("Incoloy" 800H has  been s e l e c t e d  by Wilmington Engineering 
for cons t ruc t ing  t h e  TNX c a l c i n e r ) .  

The presen t  cond i t ions  f o r  materials of cons t ruc t ion  of t h e  
SRP spray d rye r  are: (1) a maximum w a l l  temperature  of 95OoC, 
(2) i n t e r n a l  working temperatures  i n  t h e  range of 250-600°C, and 
( 3 )  compa t ib i l i t y  w i t h  c h l o r i d e s  and f l u o r i d e s .  An a d d i t i o n a l  
l i m i t a t i o n  i s  t h a t  t h e  spray d rye r  material should a l s o  be 
compatible wi th  n i t r i c  ac id .  

I n  gene ra l ,  supe ra l loys  which e x h i b i t  good t o  e x c e l l e n t  
co r ros ion  r e s i s t a n c e  toward c h l o r i d e s ,  f l u o r i d e s ,  and n i t r i c  
a c i d  inc lude  "Hastelloy" C-276, "Hastelloy" C-4, ' tHastelloy" X, 
"Inconel" 617, "Inconel" 625, "Incoloy" 800H, and "Incoloy" 825. 
The "Hastelloy" a l l o y s  are e s p e c i a l l y  s u i t e d  t o  HC1 and HF 
environments. 

A r ecen t  a n a l y s i s  a t  SRL i n d i c a t e s  t h a t  s i g n i f i c a n t  q u a n t i t i e s  
of c h l o r i d e s  and f l u o r i d e s  a long w i t h  w a t e r  vapor  will be  p resen t  
i n  dry ing  and mel t ing  ope ra t ions .  I n  a d d i t i o n ,  small amounts of 

* "Hastelloy" C-4 i s  no longer  a candida te  a l l o y  because tests 
have demonstrated t h a t  t h i s  a l l o y  has  very low r e s i s t a n c e  t o  
p e n e t r a t i o n  by molten g l a s s  and poss ib ly  vapors from g l a s s  
m e l t  [I] 
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HC1 and HF acids could also form from chemical reactions within 
the dryer and condense from temperature changes during shutdown 
and startup. However, since operating temperatures will be above 
the dew point, large quantities of the acids would not be antici- 
pated and their effects should be minimal. Assessments of 
T'Incoloy" 800H and the benefits of using higher corrosion- 
resistant but more expensive alloys f o r  plant use, such as 
"Hastelloy" C-4, will continue to be investigated. 

"Hastelloy" C-4 is a nickel-chromium-molybdenum alloy that 
is characterized by outstanding high-temperature stability, 
corrosion resistance, ductility, and resistance to stress-corrosion 
cracking. 
HF acids, although it is more expensive than some nickel-based 
alloys. 

In addition, this alloy h.as good resistance to HC1 and 

"Incoloy" 800H is a nickel-iron.-chromium alloy with good 
corrosion, oxidation, and strength properties at elevated tempera- 
tures. In addition, it also has good resistance against scaling, 
stress-corrosion cracking and has been used within Du Pont for 
many years. It is not as resistant to HC1 and HF as "Hastelloy" 
C-4. "Incoloy" 800H is one of the less expensive nickel-based 
alloys and is readiSy available. 

Spray dryers have been construc.ted and operated successfully 
at other sites. In general, these materials of construction were 
subjected to significantly lower processing temperatures and 
different environments than those ccmsidered for drying of SRP 
waste. For example, at Battelle-Pacific Northwest Laboratory, a 
spray dryer was constructed from Type 310 stainless steel (25Cr- 
20Ni) for use with simulated glass-waste compositions that were 
chlorine deficient. No detectable corrosion of the 3/8-in.-thick 
wall was observed after 552 hours of feed calcining with six 
associated heating and cooling cycles. 
at the Idaho Chemical Processing Plant in the high-level Waste 
Calcining Facility (WCF) was constructed of Type 347 stainless 
steel. This material was used in conjunction with a fluidized 
bed and showed no severe corrosion after 13 years .of operation. 
Baffle plates were made from Type 310 stainless steel. In the 
new WCF, Type 347 stainless steel (18Cr-1ONi) has been selected 
for the vessel, baffle platesc! and other internal parts. 

The calciner vessel used 

10.6 Off-Gas System 

Equipment 'at the beginning of the off-gas system could experience 
significant corrosion, so ?the leading materials of construction are 
high corrosion-resistant alloys, such as the nickel-based materials 
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"IncoloyT1 SOOH, "InconelfT 625, "Hastelloyl '  B and C-4. These 
a l l o y s  gene ra l ly  provide  good p r o t e c t i o n  aga ins t  h a l i d e s  a t  
temperatures  lower than  those  i n  t h e  sp ray  d rye r  and would be 
used i n  t h e  wet sc rubber  system, inc lnding  t h e  e j e c t o r  v e n t u r i ,  
deep-bed washable f i l t e r s ,  pumps, h e a t  exchanger,  and of f -gas  
condensate c o l l e c t i o n  tank .  

"Incoloy" 800H o r  "Hastelloy" C-4 could be used i n  t h e  f i r s t  
p a r t s  of t h e  off-gas  system where moderate temperatures  and halogens 
are p o t e n t i a l l y  a n t i c i p a t e d .  For areas near  t h e  e j e c t o r  v e n t u r i  
where HC1 o r  HF can form ( temperatures  below t h e  dew p o i n t ) ,  
"Hastelloy" B o r  "Inconel" 625 are recommended. Due t o  f ab r i ca -  
t i o n  cons ide ra t ions ,  "Inconel" 600 is  t h e  r e fe rence  material f o r  
t h e  s i n t e r e d  f i l t e r s .  

Beyond w e t  scrubbing,  304L s t a i n l e s s  steel can be used i f  
r e l a t i v e l y  low temperatures  and h a l i d e  conten t  are produced. 
However, i f  t h e  C1- conten t  i s  g r e a t e r  than  250 ppm, 300 series 
s t a i n l e s s  steel  should no t  be used (Engineering Department Standard 
No. 5992) due t o  p o s s i b l e  s t r e s s -co r ros ion  cracking.  I n  th i s  case, 
either the high-nickel a l l o y s  used earlier should be employed o r  
t h e  pH of t h e  s o l u t i o n  should be increased .  For example, f o r  a 
molar r a t i o  of N03-/Cl' >1, no cracking  i s  observed a t  26OoC i f  
t h e  pH i s  over  10 [ Z ]  . 

I n  t h e  Idaho Chemical Processing P lan t  s o l i d i f i c a t i o n  process ,  

For equipment exposed t o  t h e  h ighes t  e ros ion  and co r ros ion  
Type 304L s t a i n l e s s  steel i s  used ex tens ive ly  i n  t h e  off-gas 
system. 
e f f e c t s ,  such as t h e  quench tower and r e l a t e d  pumps, higher-  
i n t e g r i t y  materials of Type 347 s t a i n l e s s  steel  and Carpenter@20 
(trademark of Carpenter  Technology Corp.) are used. A nicke l -  
chromium a l l o y ,  ARIICO NitronicB50 (trademark of Armco S t e e l  Corp.) , 
i s  being considered f o r  f u t u r e  scrubber  pump cons t ruc t ion  a t  t h e  
f a c i l i t y .  

10.7 Melter System 

10 .7 .1  Joule-Heated Ceramic Melter 

The co r ros ion /e ros ion  r e s i s t a n c e  of e l e c t r o d e  and r e f r a c t o r y  
materials t o  be used i n  t h e  ceramic melter are c u r r e n t l y  being 
evaluated a t  SRL. These components comprise t h e  p r i n c i p a l  elements 
of a Joule-heated continuous ceramic melter, t h e  r e fe rence  mel t ing  
concept f o r  i nco rpora t ion  and s o l i d i f i c a t i o n  of waste i n t o  a g l a s s  
mat r ix .  This  s e l e c t i o n  w i l l  depend on co r ros ion /e ros ion  r e s i s t a n c e  
and t h e  a s soc ia t ed  l i f e t i m e  of t h e  materials, as w e l l  as e l e c t r i c a l  
r e s i s t i v i t y ,  thermal shock r e s i s t a n c e ,  thermal expansion and 
conduc t iv i ty ,  and cos t  and a v a i l a b i l i t y  of t h e  material. The wear 
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of e l e c t r o d e  and r e f r a c t o r y  materials w i l l  most l i k e l y  determine 
t h e  l i f e t i m e  of t h e  melt-ers. The leading  r e f r a c t o r y  candida te  
i s  "Monofrax" K-3 and the  lead ing  e l ec t rode  candida te  i s  
"Inconel" 690. 

1 0 . 7 . 2  Melter Materials Experimental. Program 

The cor ros ion/eros ion  r e s i s t a n c e  of e l e c t r o d e  and r e f r a c t o r y  
materials w i l l  be  s tud ied  by two basi.c techniques.  F i r s t ,  a 
c r u c i b l e  o r  f i n g e r  t:est i s  being used t h a t  i s  a modi f ica t ion  of 
a s tandard  ASTM t e s t  f o r  " S t a t i c  Corrosion of R e f r a c t o r i e s  by 
Molten Glass" [3]. These tests provide a good re la t ive comparison 
of t h e  co r ros ion  r e s i s t a n c e  f o r  materials of i n t e r e s t  over t h e  
temperature range of concern. 

A second experimental  technique w i l l  eva lua te  t h e  a t t a c k  of 
molten g l a s s  under s imulated service condi t ions  f o r  t h e  l ead ing  
r e f r a c t o r y  and e l e c t r o d e  materials determined from t h e  previous 
f i n g e r  tests. 
which w i l l  s u b j e c t  t h e  r e f r a c t o r y  t o  molten g l a s s  on ly  on one s i d e  
whi le  maintaining a temperature  g rad ien t  through t h e  r e f r a c t o r y .  
These experiments are a modi f ica t ion  of t h e  ASTM "Simulated Serv ice  
T e s t  f o r  Corrosion Res is tance  of R e f r a c t o r i e s  t o  Molten Glass" [ 4 ] .  

This i s  accomplished by cons t ruc t ing  a mini-melter 

Addi t iona l  e ros ion  s t u d i e s  w i l l  be  made by suspending r e f r ac -  
t o r y  and e l e c t r o d e  samples  on rods  and r o t a t i n g  them i n  t h e  molten 
g l a s s .  

10.8 Cani s t e r  Materials Experimental Program 

Long-term materials compa t ib i l i t y  tests between candida te  
c a n i s t e r  metals and s imulated glass-waste compositions have been 
i n  progress  s i n c e  1 9 7 4 .  Can i s t e r  m e t a l s  i n  this s tudy  included 
304L s t a i n l e s s  steel ,  Cor-Ten@ A (trademark of U.S. S t e e l ) ,  
"Inconel" 600, and AIS1 1020 low carbon steel. 
s t u d i e s  w i l l  u se  s imulated wastes of average,  h igh  i r o n  and h igh  
aluminum content  wi th  Type 21 f r i t ,  and a d d i t i o n a l  canister candi- 
d a t e  materials. The l ead ing  material for canisters t o  be used i n  
t h e  ceramic mel t ing  process  i s  Type 304L stainless steel. 

Supplementary 

1 0 . 9  Mechanical Cells A and B 

The e tch  tank and a s s o c i a t e d  p ip ing  i n  each ce l l  w i l l  be 
exposed t o  3.5M "03 - 0.4M NaF s o l u t i o n s  ( o r  vapors)  a t  nominally 
50°C. Several candida te  materials of cons t ruc t ion  t o  adequately 
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resist  a t t a c k  from t h e s e  s o l u t i o n s  and vapors  have been i d e n t i f i e d .  
I n  decreasing order  of preference  they a r e  "Inconel"" 671, 690, 
"Haynes""" 25, tlFerraliumll***, and "Inconel" 625. 
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11. REGULATORY REQUIREMENTS (E. J. Hennelly) 

11.1 General 

The regu la to ry  a s p e c t s  of t h e  DWPF are complex because t h e  
completed f a c i l i t y  must comply wi th  t h e  p e r t i n e n t  r egu la t ions  a t  
t h e  time of s t a r t u p ,  which i s  s t i l l  about a decade away, and 
because many of t h e  r egu la t ions  t h a t  w i l l  be i n  e f f e c t  then are 
y e t  t o  be issued.  Therefore ,  a key requirement of t h e  r egu la to ry  
e f f o r t  a s s o c i a t e d  wi th  t h e  s o l i d i f i c a t i o n  program w i l l  be t o  an- 
t i c i p a t e  and prepare  f o r  t h e  r egu la to ry  s i t u a t i o n  a t  s t a r t u p .  A 
success fu l  r egu la to ry  e f f o r t  w i l l  reduce t h e  de lays  and c o s t s  t h a t  
would r e s u l t  from r e t r o f i t t i n g  t o  meet unan t i c ipa t ed  con t ro l s .  

Regulat ions p e r t a i n i n g  t o  nonradioac t ive  releases can be 
f o r e c a s t  wi th  some confidence because Congress has e s t a b l i s h e d  
long l ead  times f o r  implementation. For example, l i m i t s  f o r  d i s -  
charges  t o  streams i n  t h e  mid-1980s a r e  now being proposed by EPA. 
I n  a d d i t i o n ,  c r i t e r i a  and r e g u l a t i o n s  f o r  long-term d i s p o s a l  of 
r a d i o a c t i v e  waste being formulated by EPA and NRC (e.g. ,  10 CFR 601, 
and many of t h e s e  r egu la t ions  w i l l  be a p p l i c a b l e  when t h e  DWPF 
ope ra t ions  begin. 

A major unce r t a in ty  involves  t h e  f u t u r e  l i c e n s i n g  a u t h o r i t y  
of NRC f o r  DOE s o l i d i f i c a t i o n  f a c i l i t i e s .  NRC does not  now have 
t h i s  a u t h o r i t y .  NRC-DOE-Du Pont information exchanges w i l l  m i t i -  
g a t e  t h e  impact of t h i s  p o s s i b l e  ex tens ion  of NRC j u r i s d i c t i o n .  

11 .2  Current Regulat ions 

11.2.1 Nonradioactive Releases 

The major environmental  laws p e r t a i n i n g  t o  nonradioac t ive  
releases from a waste process ing  f a c i l i t y  are t h e  Federa l  Water 
P o l l u t i o n  Control  A c t  and Clean Air Act. These Acts e s t a b l i s h e d  
t h e  bases f o r  t h e  EPA water r e g u l a t i o n s  and t h e  South Carol ina a i r  
q u a l i t y  s tandards .  The Acts e s t a b l i s h e d  n a t i o n a l  long-term goa l s  
f o r  a i r  and water release. 

I n  addi t ion, .EPA and SC .DHEC a r e  g iv ing  increased  a t t e n t i o n  
t o  t h e  e f f e c t s  on ground-water q u a l i t y  of s o l i d  waste d i s p o s a l  
p r a c t i c e s  because of t h e  p rov i s ions  of t h e  Resource Conservation 
and Recovery Act (RCRA) of 1976. Use of seepage bas ins  and land- 
f i l l s  f o r  d i sposa l  of nonradioac t ive  l i q u i d  and s o l i d  wastes may 
be r e s t r i c t e d  by f u t u r e  SC DHEC r e g u l a t i o n s ,  t o  be publ ished i n  
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1980, t h a t  w i l l  implement RCRA. Inco rpora t ion  of ion exchange 
e f f l u e n t  i n t o  conc re t e  with subsequent d i s p o s a l  on t h e  Savannah 
River P lan t  will a l s o  be conducted i n  accordance w i t h  zhese regu- 
l a t i o n s  as w e l l  as wi th  r e g u l a t i o n s  covering d i s p o s a l  of radio- 
a c t i v e  waste, i f  app l i cab le .  

\ 

11.2.2 Radioact ive Releases 

L i m i t s  on r a d i o a c t i v e  releases are now con t ro l l ed  p r imar i ly  
by DOE Manual Chapter 0524. 
p e r t a i n  only t o  r e l e a s e s  from commercial nuc lear  cyc le  f a c i l i t i e s  
provide r ecen t  guidance on accep tab le  l i m i t s  f o r  pub l i c  exposure. 
The EPA gu ide l ines  r ep resen t  t h e  f u t u r e  t r end ,  and should be care- 
f u l l y  considered i n  e s t E b l i s h i n g  release guides  f o r  t h e  waste 
process ing  f a c i l i t y .  The o f f s i t e  dose from SRP ope ra t ions  is sub- 
s t a n t i a l l y  below t h e  EPA l i m i t .  
p rocess ing  ope ra t ions  should r e s u l t  i n  minimal o f f s i t e  dose t o  
a l low t h e  SRP t o t a l  t o  cont inue  t o  remain w e l l  w i t h i n  t h e  EPA 
l i m i t s .  

The EPA r e g u l a t i o n s  (40 CFR 190) t h a t  

The c o n t r i b u t i o n  from t h e  waste 

11.2.3 Occupat ional  Radia t ion  Exposure 

Exposure guides  f o r  p l a n t  wastes are g iven  i n  DOE Manual 
Chapter 0524. 
posures)  is  included i n  t h e  DOE c r i t e r i a  f o r  new plutonium f a c i l i -  
ties. The l i m i t  of 1 rem/yr f o r  planned exposures ,  a l though not  
now requ i r ed  f o r  a waste process ing  f a c i l i t y ,  r e p r e s e n t s  t h e  most 
c u r r e n t  DOE p o s i t i o n  on personnel  exposure and a l i k e l y  requi re -  
ment f o r  t h e  fu tu re .  

A more r e s t r i c t i v e  l i m i t  (1 rem/yr f o r  planned ex- 

11.2.4 Product and Shipping Container  S p e c i f i c a t i o n s  

The only c u r r e n t  r egu la to ry  requirement f o r  t h e  product i s  
t h a t  i t  be a s o l i d .  EPA i s  now prepar ing  c r i t e r i a  and NRC i s  i n  
t h e  process  of prepar ing  r e g u l a t i o n s  t h a t  w i l l  g ive  more s p e c i f i c  
guidance f o r  accep tab le  commercial waste forms. Pre l iminary  guid- 
ance from t h e s e  agencies  i n d i c a t e s  t h e  fo l lowing  p r o p e r t i e s  may be 
important  f o r  a l l  s o l i d i f i e d  high-level  waste: 

0 uni formi ty  of s o l i d  

0 heat  ou tput  l i m i t  

0 r a d i a t i o n  l e v e l  l i m i t  
0 chemical composition of s o l i d  

0 f i s s i l e  conten t  a c c o u n t a b i l i t y  

0 l e a c h a b i l i t y  l i m i t  
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Each proper ty  may r e q u i r e  some means; of v e r i f y i n g  t h a t  it i s  
wi th in  prescr ibed  l i m i t s .  

The recent  NRC Regulat ion 10 CI'R 71 requires an NRC l i c e n s e  
f o r  shipment of DOE: waste.  
NRC-approved qua1it:y assurance plan f o r  manufacture of shipping 
con ta ine r s  . 

To ob ta in  a l i c e n s e ,  DOE w i l l  need an 

NRC Regulat ion 10 CFR 71.42, "Specia l  Requirements f o r  Plu- 
tonium Shipments Af t e r  June 1 7 ,  1978,"  r e q u i r e s  a double b a r r i e r  
t o  a c c i d e n t a l  release of r a d i o a c t i v i t y .  Both barriers must meet 
requirements of Regulatory Guide 7.6,  " S t r e s s  Allowables f o r  t h e  
Design of Shipping Cask Containment Vessels." 

11.3 Future  Related Regulat ions 

Recently NRC and EPA have become very a c t i v e  i n  t h e  prepara- 
t i o n  of Federa l  r egu la t ions  regarding t h e  permanent d i s p o s a l  of 
h igh- leve l  r a d i o a c t i v e  waste. NRC :is expected t o  i s s u e  f o r  corn- 
ment a d r a f t  Regulat ion 10 CFR 60, "Disposal of High-Level Radio- 
a c t i v e  Waste," i n  February 1980. The d r a f t  has a l r eady  rece ived  
some pre l iminary  review by DOE and t h e i r  subcont rac tors .  
f i n a l  r e g u l a t i o n  (probably due i n  1'381) w i l l  p r e s c r i b e  a l l  of t h e  
Federa l  r egu la t ions  f o r  l i c e n s i n g  a high-level  waste repos i tory .  
EPA r e c e n t l y  (November 1979)  presented t h e i r  latest  d r a f t  c r i t e r i a  
f o r  high-level  waste d i sposa l .  The NRC r e g u l a t i o n s  must be com- 
p a t i b l e  wi th  the  EPA c r i t e r i a .  Each of t h e s e  two documents would 
apply t o  a defense waste r epos i to ry .  Curren t ly  it i s  be l ieved  
t h a t  t h e  g l a s s  waste form t h a t  i s  proposed t o  be made i n  t h e  DWPF 
w i l l  be accep tab le  i n  a l i censed  re*posi tory and t h a t  a salt  repos- 
i t o r y  w i l l  a l s o ,  i n  combination w i t ' h  app ropr i a t e  overpack mate- 
r i a l ,  meet any of the proposed EPA c r i t e r i a  and NRC r egu la t ions .  
It i s  f o r  t hese  reasons t h a t  t h e  DWPF cons t ruc t ion  and ope ra t ions  
a r e  c u r r e n t l y  bel ieved t o  be decoupled from the proposed NRC and 
EPA mandated r egu la to ry  requirements.  
fo l low t h e  development of t hese  c r i t e r i a  and r egu la t ions  during 
1980 and 1981 t o  r e a f f i r m  t h e  decoupling and t o  a d j u s t ,  as neces- 
s a r y ,  any c u r r e n t  o r  proposed SRP-DWPF opera t ions  t o  meet f u t u r e  
r egu la to ry  requirements.  Frequent DOE-NRC informat ion  exchanges 
would be h e l p f u l  i n  planning f o r  t h e  f u t u r e  r egu la to ry  s i t u a t i o n s .  

The 

It w i l l  be necessary  t o  
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1 2 .  SOLID WASTE IlANDLING (H.  E .  Hootman) 

1 2 . 1  General  

S o l i d  w a s t e s  w i l l  arise from T ~ O ~ I M ~  p r o c e s s  o p e r a t i o n s  and 
from t h e  r e p a i r ,  rep lacement ,  o r  retirement of p r o c e s s  equipment.  
P r o c e s s i n g  of t h e s e  wastes w i l l  be  determined p r i m a r i l y  by t h e  
composi t ion of t h e  material ,  i t s  s i z e ,  and t h e  d e g r e e  and t y p e  
of r a d i o a c t i v e  contaminat ion  a s s o c i a t e d  w i t h  t h e  waste. F a c i l i -  
t ies f o r  "hot" and "warm" canyon maintenance as w e l l  as decontami- 
n a t i o n  w i l l  b e  int :egrated i n t o  t h e  DWPF d e s i g n  and w i l l  serve t h e  
same f u n c t i o n  as t:hat of similar o p e r a t i o n s  i n  p r e s e n t  SRP f u e l  
r e p r o c e s s i n g  canyons (e .g .  r e p a i r  o r  decontaminat ion  of p r o c e s s  
vessels and equipment) .  

P r o c e s s  waste w i l l  b e  primari1.y contaminated w i t h  f i s s i o n  
p r o d u c t  B-y emitters. TRU contaminat ion  w i l l  b e  p r e s e n t  i n  some 
of t h e  waste; however, an  a s s a y  of t h e  TRU contaminat ion  w i l l  be  
h indered  by t h e  ex t remely  h i g h  B-y f i s s i o n  product  emitter back- 
ground r a d i a t i o n .  A c o n t i n u a t i o n  of p r e s e n t  waste management 
p r a c t i c e s  i s  proposed f o r  t h e s e  wastes (e .g .  e n c a p s u l a t i o n  and 
s t o r a g e  i n  a monitored b u r i a l  ground f a c i l i t y ) .  

1 2 . 2  S o l i d  Waste D e s c r i p t i o n  

Normal contaminated o p e r a t i n g  s o l i d  wastes g e n e r a t e d  i n  t h e  
DWPF w i l l  i n c l u d e  such  materials as maintenance,  j o b  c o n t r o l  and 
decontaminat ion  r e s i d e s  as c e l l u l o s i c  wipes ,  p l a s t i c  s h e e t s ,  
g l o v e s ,  p r o t e c t i v e  c l o t h i n g ,  and contaminated s m a l l  t o o l s .  On a 
less r e g u l a r  b a s i s ,  f a i l e d  p r o c e s s  t a n k s ,  jumpers ,  f i l t e r s ,  and 
a d s o r b e n t  beds w i l l  have t o  be removed f r o m  the  process and 
prepared  f o r  s t o r a g e .  The most i n f r e q u e n t  t y p e s  of waste t o  be 
c o n s i d e r e d  might r e s u l t  from p r o c e s s  u p s e t s  where a p r o c e s s  v e s s e l  
such as a g l a s s  melter would f a i l  c o n t a i n i n g  a f u l l  c h a r g e  of 
v i t r i f i e d  HLW. The t r e a t m e n t  of such  w a s t e  w i l l  r e q u i r e  p r o v i s i o n  
f o r  t h e  s e p a r a t i o n  of t h e  contaminated p r o c e s s  equipment from t h e  
v i t r i f i e d  HLW waste and s e p a r a t e  d i s p o s i t i o n  of t h e  r e s i d u e s .  

A more d e t a i l e d  breakdown of a n t i c i p a t e d  s o l i d  waste a r i s i n g s  
i s  shown i n  Table  12 .1 .  

- 1 2 . 1  - 



12.3 Waste Treatment Processes 

processing contaminated DIJl'F wastes consists mainly of 
containerizing the wastes for shipment to an onsite storage 
(burial ground area). 
decontamination employed on the noncombustible wastes will vary 
with the' type of material involved. 

The amount of mechanical disassembly or 

1 2 . 3 . 1  Process Equipment 

Failed tools and process equipment are usually decontaminated 
to remove as much of the surface contamination as possible before 
the equipment leaves the building. Decontamination involves the 
removal of radioactive contamination by either mechmical or 
chemical means. This can be accomplished with high pressure 
sprays, detergent and acid or alkaline washes applied both inter- 
nally and externally. 

12.3 .2  Contained Process Wastes 

Absorber columns and resin beds, if they cannot be regener- 
ated, should be simply sealed in their containers, decontaminated 
on the container surfaces and shipped to a burial ground. 

12.3.3 Job Control Wastes 

Both combustible and noncombustible job control wastes are 
shipped untreated in standard cardboard radioactive waste cartons 
to the burial ground for trench burial. Contaminated scrap, 
welding slag, fluxes and rod tips and other process created wastes 
are shipped in appropriate containers to a burial ground in a 
shielded cask car. 

12.3 .4  Process Upset Wastes 

During the course of normal operation very little residue of 
the HLW will be associated with materials removed from the DWPF 
and present SRP reprocessing canyon techniques can be employed. 
However, because of the vitrification process used in the DWPF, 
it is possible that occasions may arise where the molten glass 
and HLW mixture solidifies in the glass melter, is dumped from 
the melter to an emergency receiver or spills outside of a glass 
canister. In these cases, the equipment will be packaged and 
shipped to a repository under specified regulations. 
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1 2 . 4  IJaste  Treatment F a c i l i t i e s  

The s o l i d  waste handl ing  f a c i l i t i e s  are  t o  b e  c l o s e l y  
c x p l e d  w i t k  t he  p r o c e s s  f u n c t i o n s  of t h e  DWF. Design of 
p r o c e s s  equipment,  c r a n e s ,  h o t  and warm maintenance c e l l s ,  and 
decontaminat ion f a c i l i t i e s  should p r o v i d e  t h e  d u a l  f u n c t i o n  of 
p r o c e s s  maintenance and waste management o p e r a t i o n s .  P r o v i s i o n s  
should b e  made f o r  s h i p p i n g  t h e  l a r g e s t  p r o c e s s  equipment ( i .  e .  
1 2  f t  x 1 2  f t  x .20 f t  s p r a y  d r y e r )  and t h e  h e a v i e s t  (30-ton 
g l a s s  m e l t e r )  p r o c e s s  equipment t o  t h e  b u r i a l  ground by r a i l -  
road car.  Smal le r  equipment may b e  t r a n s p o r t e d  i n  a s h i e l d e d  
cask  car.  Much of  t h e  j o b  c o n t r o l  waste may b e  shipped by 
r e g u l a t e d  t r u c k  because  of i t s  r e l a t i v e l y  low l eve l  of r a d i o -  
a c t i v i t y  . 

TABLE 1 2 . 1  

DWPF S o l i d  Waste Genera t ion  
3 Volumes, f t  

Waste Type 

A. Normal P r o c e s s  

1. Combustible 
2 .  Noncombustible 

a .  Job c o n t r o l  
b .  Misce l laneous  

3 .  Resin beds  
4 .  Adsorber columns 

a .  Si1ic.a g e l  
b .  Z e o l i t e  

a .  Deep Bed Washable F i l t . e r  
b.  S i n t e r e d  m e t a l  

5 .  F i l t e r s  

B. P r o c e s s  Equipment 

1. Spray Dryer 
2. Glass melter 
3. C e n t r i f u g e  
4 .  Pumps 
5 .  Valves 
6.  Jumpers 
7 .  Vessels 
8.  Vessel v e n t s  

a .  Assumes 20-year DWPF o p e r a t i o n .  

Uni t  

4 
34 

2880 
138 
75 

0.5  
100 
960 

Annuala 

20,000 

5,000 
5 , 000 
488 

1 
40 

16 
68 

576 
69 
38 
20 
5 
25 
20 
144 
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13.1  BUILDINGS 221-F ,"D 221-H WASTE VOLUMES AND COXF'OSITIONS 

Waste volumes and compositions f o r  221-F and H canyon 
operations'  w e r e  requested f o r  p red ic t ing  waste produced during t h e  
l a t e  1980's. 
r equ i r ed  f o r  computing t h e  radionucXide inventory  of t h e  
r e fe rence  feed  t o  t h e  DWPF. However, t h e  da t a  a l s o  al low de te r -  
minat ion of t h e  range i n  chemical composition of DWPF feed  i n  t h e  
event  t h a t  feed i s  not  blended o r  if a d e c i s i o n  i s  made t o  process  
e i t h e r  F- o r  H-Area waste sepa ra t e ly .  Sec t ions  13.1.1 and 13.1.2 
are e s s e n t i a l l y  reproduct ions of r e p o r t s  prepared by t h e  Separa t ions  
T e t h o l o g y  Department [ 1 ,2 ]  . 

These volume and composition data were p r imar i ly  

13.1.1 BuildinR 221-F Waste Volumes; and Compositions,  

13.1.1.1 Summary 

High-heat and low-heat wastes t r a n s f e r r e d  from Building 221-F 
t o  Bui lding 241-F were assayed and t.he volumes and compositions 
t abu la t ed .  
one me t r i c  t on  of uranium (m). Purex wastes from H A W  and L A W  
evaporator  concent ra tes  w e r e  t abu la t ed  i n  an earlier l e t t e r  [3]. 
This appendix d i scusses  those  wastes' and a l s o  a l l  o t h e r s  going 
i n t o  high-heat waste and low-heat wa . s t e  s t o r a g e  i n  Bui lding 241-F 
from Buildings 221-F, 211-F, and A-Line. 

Compositions are t abu la t ed  on t h e  b a s i s  of processing 

13.1.1.2 Discussion - 
Figures  13.1-1 through 13.1-4 show t h e  f lowshee ts  f o r  high- 

hea t  and low-heat waste t r a n s f e r r e d  t o  Bui lding 241-F. The 
compositions of some of t h e  i n d i v i d u a l  streams vary  widely,  
especially those  of low-heat w a s t e  streams. For t h i s  reason ,  
compositions of some minor streams are  now shown. However, 
t y p i c a l  compositions f o r  t h e  major streams are shown i n  Tables  
13.1-1 and 13.1-2. The t o t a l  waste coming d i r e c t l y  from Purex 
i s  a l s o  included i n  t h e  t a b l e s .  The t o t a l  volume of high-heat 
waste i s  249 L/MTU a t  a d e n s i t y  o f ' 1 . 2 5  g/mL. 
of low-heat waste is  1696 L/MTU'at a d e n s i t y  of 1.22 g/mL. 
Typical  uranium throughput was lOO-MTU/month. 

The t o t a l  volume 

Tables 13.1-1 and 13.1-2 are based on using Mark 3l.A t a r g e t s .  
For Mark 31B t a r g e t s ,  only t h e  coa t ing  waste i s  d i f f e r e n t  from 
t h a t  of Mark 3U.. 
is shown i n  Table 13.1-2. 

Coating waste composition f o r  Mark 31B t a r g e t s  
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Tne l a r g e r  q u a n t i t y  of coa t ing  waste from Mark 31B t a r g e t s  
causes  t h e  t o t a l  low-heat waste t o  be g r e a t e r  than Mark 3l.A 
low-heat waste \ by a f a c t o r  of 1.15. 

Table 13.1-3 shows t h e  percentage of high- and low-heat 
waste generated d i r e c t l y  from Purex opera t ion .  
concen t r a t e  w a s  72.9% of t o t a l  high-heat w a s t e .  
concent ra te  w a s  15 .4% of t h e  t o t a l  low-heat waste t r a n s f e r r e d  t o  
Bui lding 241-F. 

H A W  evaporator  
LAW evapora tor  

13.1.2 Building 221-H Waste Volumes and Compositions 

13.1.2.1 Summary 

Waste volumes and composition d a t a  f o r  H-Area canyon opera- 
t i o n s  have been reques ted  f o r  p r e d i c t i n g  waste genera t ion  during 
t h e  l a t e  1 9 8 0 ' s .  
expected t o  be a p p l i c a b l e  t o  f u t u r e  ope ra t ions  when proper ly  ad- 
j u s t e d  f o r  changes i n  f u e l  o r  target des igns  and f lowsheet  im- 
provements. 
HM process  where 6 1  L of waste per  kilogram of aluminum is  cal- 
cu la t ed  as compared wi th  59 L/kg A l  rece ived  f o r  w a s t e  s t o r a g e  
(Tab1 e 13.1-4). 

Current HM and frame waste genera t ion  rates are 

Aluminum i s  the  was te-cont ro l l ing  constituent in the  

The f lowsheet  f o r  process ing  Pu-238 shows 8020 L of low-heat 
w a s t e  f o r  each kilogram of Pu-238 as compared wi th  r e c e i p t s  of 
9300 L/kg Pu-238 f o r  waste s t o r a g e  (Table 13.1-4). 

Composition and t h e  streams c o n t r i b u t i n g  t o  t h e  wastes f o r  
HM and Pu-238 process ing  are presented  i n  Tables  13.1-5 through 
13.1-8. 

13.1.2.2 Discussion 

HM waste c a l c u l a t i o n s  are based on c u r r e n t  s o l v e n t  e x t r a c t i o n  
f lowshee ts  [l] f o r  Mark 16B and Mark 22 f u e l s .  
is  aluminum-limited, f o r e c a s t s  can be  a d j u s t e d  f o r  changes i n  f u e l  
types  on t h e  b a s i s  of aluminum r a t i o .  
aluminum p e r  Mark 16B o r  Mark 22 f u e l  tube.  

S ince  IIM process ing  

This study used 10.5 kg 

The I A W  stream carries t h e  aluminum and n i t r i c  a c i d  and i s  
t h e  main c o n t r i b u t o r  t o  t h e  high-heat waste (Table 13.1-5). When 
t h a t  stream i s  concent ra ted ,  t he  next  l a r g e s t  c o n t r i b u t o r  i s  t h e  
c a u s t i c  requi red  t o  n e u t r a l i z e  excess  a c i d ,  convert  aluminum t o  
t h e  so lub le  a luminate  ion ,  and provide 1.2M NaOH excess  f o r  corro- 
s i o n  p r o t e c t i o n  of t h e  waste tanks .  
requi red  f o r  each mole of aluminum, any f a c t o r  i n f luenc ing  aluminum 
has a corresponding e f f e c t  on the  volume and concen t r a t ion  of 
high-heat waste. 

Since 4 moles of c a u s t i c  are 

- 13.1.2 - 



The p r i n c i p a l  con t r ibu to r  t o  low-heat w a s t e  i s  t h e  2AW 
stream, but  spent  so lvent  washes and waste from decontamination 
make s i g n i f i c a n t  con t r ibu t ions  (Table 13.1-6). Low-activity 
waste f eeds  con ta in  less salts  than do h igh -ac t iv i ty  waste feeds  
and hence, 'permit g r e a t e r  volume reduct ion  - 4.12 vs. 1.83 - 
p r i o r  t o  d ischarge  t o  waste s torage .  

Another con t r ibu to r  t o  low-heat waste i s  frame ope ra t ions  
t o  recover  Pu-238 and Np-237. 
frame process  i s  about  9300 L/kg Pu-238 recovered as compared t o  
t h e  f lowsheet  amount of 8020 L/kg Pu-238. 
does n o t  i nc lude  d i s s o l v e r  h e e l  o r  sump material process ing ,  
e x t r a  decontamination washes, o r  pro'duct r e c y c l e s  which occur 

. occas iona l ly .  The waste generated relates b e s t  t o  r e s i n  column 
runs .  Plutonium recovery p e r  column run depends p r imar i ly  upon 
t a r g e t  des ign ,  t h e  amount of plutonium s c r a p  processed,  and t h e  
amount of plutonium recyc led  from waste recovery.  
ence shows 280 grams of Pu-238 recovered pe r  Column RC-1 run 
( i n i t i a l  r e s i n  column f o r  decontamination) and is  t h e  b a s i s  f o r  
t h e  frame waste f lowsheet  (F igure  13.1-5 and Table 13.1-7). 
Current ope ra t ion  processes  Mark 53A. t a r g e t s ,  and waste volume 
should remain unchanged i f  new t a r g e t s  con ta in  s imilar  amounts 
of a c t i n i d e s  and aluminum. 

Actual  waste genera t ion  by t h e  

The f lowsheet  volume 

Recent experi-  

The r a t i o  of neptunium t o  Pu-238 i n  process  feed  has  v a r i e d  
widely,  averaging 3.45 i n  t h e  p a s t  t h r e e  years .  I f  t h a t  r a t i o  
a p p l i e s ,  low-heat wastes generated from frame processing t o t a l  
2700 L/kg neptunium recovered. 

Frame waste composition, Table 13.1-8, w a s  developed from 
t h e  f lowsheet  (Table 13.1-7) and i s  c u r r e n t l y  t h e  b e s t  estimate of 
t h e  a c t u a l  wastes. Components present  i n  t h e  low-heat waste  were 
converted t o  t he  i o n i c  s ta te  and the  metallic c a t i o n s  were 
balanced w i t h  hydroxyl anions.  The major component i n  frame 
waste i s  sodium n i t r a t e ,  r e s u l t i n g  from n e u t r a l i z a t i o n  of l a r g e  
amounts of n i t r i c  ac id .  
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TABLE 13.1-1 

High-Heat Waste Flowsheeta  

S t r eam D e s c r i p t i o n  

1st Cyc le  Waste ( 1 A W )  

2nd U Cycle,  Waste (1nW) 

M i s c e l l a n e o u s  Purex  HHW 

N e u t r a l i z e d  HAWC ( F i g u r e  13.1-1) 

M l s c e i l a n e o u s  HHW from Tank 15.4  

llead End-Cake Wash 

T o t a l  High-Heat Waste 

b 

... 

__ St ream Composi t ion ,  lb 
"03 Al(NO3)l N a N O i  

1317 40 2 1  

522 

59 5 5 

107  

1 9  

0.5 

126.5 

7 3  

14 

14 

T o t a l  Fe(SOiNH2)7 NaOH Fe(0H) I  Nahl02 Na2S04 H20 

11,524 12,892 

15 7 ,103  7,640 

6 686 834 

332 500 

100 129 

66 66.5 

4 98 685.5 

10 17  20 

10 17 20 

a.  Basis: 1 MTU. 
b .  I n c l u d e s :  Frame Waste Recyc le  (6.6). Hot-Canyon Sumps 820 and  805 ,  f e r r o u s  s u l f a m a t e  a d j u s t m e n t  for p lu ton ium r e c o v e r y  

column f e e d ,  50% C a u s t i c .  



I 

c. 
t.1 

c. 

TABLE 13.1-2 

Low-Heat Waste Flowsheeta 

Stream D e s c r i p t i o n  

2nd Prr Cycle  Waste (2AW) 

M i s c e l l a n e o u s  Purex LHWb 

N e u t r a l i z e d  LAWC ( F i g u r e  13.1-3) 

B-Line Waste 

C o a t i n g  tlaste'  

Decontamination S o l u t i o n  

Waste from Tank 5.2 

Lab Waste Evapora tor  (18.6E) 

General-Purpose Evapora tor  (710) 

T o t a l  Low-Heat Waste 

Stream Composition, l b  
"03 ~ a 2 S O 4  F e z ( S 0 4 ) l  NaN03 Ea% Fe(0H)l  NaA102 "02 Al(N03)3 MIA., !lLO- Total 

1566 43 40 7 

31 38 

6542 8198 

2864 2933 

86 78 8 32 499 703 

75 33 

182 59 

37 

301 68 

146 

16 

1 7 0  41  

310 434 

756 1208 

45 800 882 

1 7 0  4 1  16 45 1871 2 5 2 4  

328 474 

257 603 860 

45 3307 4561 86 78R 63 32 170  4 1  1 6  

a .  Basis: 1 MTU.  

b. I n c l u d e s :  B-Line Waste, Acid S o l v e n t  Washes, A l k a l i n e  S o l v e n t  Washes, 50% C a u s t i c .  

c .  For Mark 3 1 A  t a r g e t s ;  Hark 318 t a r g e t  c o a t i n g  w a s t e  c o n t a i n s :  

tb/MTU 

NaN03 388 
NaOH 125 

NaNO2 81 
1614 

Total, 2584 

NaA102 370 

H2° 



TABLE 13.1-3 

Purex Waste vs. Total W a x  

High-Heat Waste 

Purex Waste (HAWC) 

Total High-Heat Waste (Table 13.1-1) 

Contribution of Purex Waste to 
Total High-Heat Waste 

Low-Heat Waste 

Purex Waste ( U W C )  

Total Low-Heat Waste (Table 13.1-2) 

Contribution of Purex Waste to 
Total Low-Heat Waste 

TABLE 13.1-4 

Waste Volumes 

High-Heat Waste 

HM Process 
lAW 
Head End 

Low-Heat Waste 

HM Process 

Low-Activity Waste 
Solvent Washes 
Decontamination Waste 
General-Purpose Evaporator 

Frames 

Frame Waste Recovery 
Resin Digestion 

500 lb/MTU 

685.5 lb/MTU 

72.9% 

703 lb/MTU 

4561 lb/MTU 

15.4% 

L/kg A1um:Lnum 

Flowshee t Experience 
Plant 

33.5 - 
0.1 
33.6 

- 
39.6a - 

22.2 - 
4.3 - 
1.1 - 

- 3.7b 
7 - 
27.6 20.52 

L/kg Pu-238 
Plant 

Flowsheet Experience 

6150 7050 
1870 2250 - 
8020 n 5 F  

a. See Reference 4. 

b. 11/77 to 10178. 

c. 197,s to 10/78; volu.me adjusted to same salt content. 
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TABLE 13.1-5 

HH Hlgh-Heat Wantea 

1 

I- 
w 
P 

00 

1 

1 30.42 1.237 37.6 26.72 2.69 7.89 0.174 

2 0 .25  1.206 0.297 0 .21  0.089 

3 19.05 1.384 26.36 15.55  2.61 7.89 0.174 0.049 0.082 0.005 

4 0.133 1.05 0.14 0.125 0.001 0.0006 0.013 

5 12.26 1.52 18.642 9.32 9.32 

6 33.64 1.344 45.23 26.09 13.119 0.0006 0.013 1.62 0.116 0.065 

a.  Basis: 1 kg A 1  fed to let cycle. Streams are indicated here: 

# 
Neutralized 11 HAWC ( 6 )  

( 3 )  b n c .  
( 4 )  Head End Cake Neu t re 1 h e r  System 

(1) 1AW 

( 2 )  30% New2 

( 5 )  50% NaOH 

b. Evolved gaseous products not ahown. 

E. FS is ferrous sulfamate. Fe(NH2-S03)2. 

0.152 

0.087 

3.04 0.174 

.. 



c c 

TAB1,E 13.1-6 

HM LorHeat. Wastea 

Stream 

1 

2 

3 

4 

w 5 
P 

' 6  
W 

I t 

I 

F 

76.17 

15.80 

4.1 

2.0 

23.40 

7.34 

27.67 

1.112 84.74 59.18 16.35 

1.038 16.4 15.74 

I .& 4.io5 6.04 0.082 
2 -  L 

1.206 2 .4  1.68 0.12 

0.648 

0.656 

0.031 0.04 0.117 

1.24 ' 23.4 15.98 6.18 0,211 0.348 1.282 

1.52 11.15 5.58 5.58 

1.248 34.56 20.79 11.42 1.34 0.279 

A 1  fed to 1st cycle. Streams are indicated here. 

( 5 )  LAW + 
System (6) 50% NaOH 

2AW 

Solvent Wash 

Decon 

30% NaNO2 
- 

0.371 

0.742 

Neutralizer U 

0.005 0.022 

0.005 0.022 

Neutralized 
LAWC * (7) 

b.  

C .  

Evolved gaseous products not shovn. 

FS is ferrous sulfamate, Fe(NH2.SO3)2. 

.. 



TABLE 13.1-7 

Frame Waste Flowsheeta 

1 

t- 
w 
t- 

c.' 
0 

I 

Composition. kg 
Stream No. Ascorbic, 
and Description Actinide A1 9 Hg(N03)~ E NJK& Oxalic Acid "02 T s  

- - - - 7471 65 3254 1.9 5.7 4009 42 13 -. . .  1 Waste 0.5 

2 Waste 

3 Waste 

0.2 - 2171 - 1.9 3825 41 7 - - - - - 6046 

- 964 - - 2764 31 - - - - - - 3759 - 
4 Waste 0.04 - 11 - 243 - 1.6 - - 256 

- 461 - - - - - - 782 
6 Cold Feed - 3607 - - 3675 115 63 - - 7460 

7 Column Feed 0.94 65 10328 1.9 1.6 15057 229 83 1.6 - - - - 25775 

8 Cold Feed - 604 - - 1275 - - - 1879 

- - - - 
- - 5 Waste - 321 - 
- - - - 

- - - - - 
- 32 - 214 - - 24 7 - - - - - - 9 Product 0.94 

10 Waste 65 10900 1.9 7.6 16110 229 83 1.6 - 2 7407 

11 Adjustment - -  - 938 - 404 - - 13/43 

12 Evaporator Feed 0 65 10900 1.9 7.6 17057 229 03 1.6 404 - .  - - 28750 

13 Overheads - - 8720 - - 14535 - - - - - - - 23255 

- - - - 
- - - - - 

14 Bot tom 0 65 2100 1.9 7.6 2522 229 83 1.6 404 - - - 5495 

15 caustic - - -  - - 1679 - - - - 1679 - - 3350 

17 Resin 0 - 349 - - 509 - - - - - 59 - 917 

18 Cold Feed - - -  - - 1009 - - - - 335 - 43 1380 

16 Neutralized Waste 0 65 2180 1.9 7.6 3100 229 03 1.6 - 044d.e 404 1679 - 

19 Digested Resin 0 - 349 - - 1511 - - - - 335 59 4 3  229Jf 

20 Low-Heat Waste 0 65 2529 1.9 7.6 5299 229 83 1.6 404 2014 59 43 10737e 

(Volume. 8020 L) 

a. Basis: 
b. FS is ferroua eulfamate. 

c. N H is hydrazine nononitrate. 

d. 

e. Includes 137 kg of gaseous products. 

f. Digested resin solution Sp Gr wl.23. 

1 kg Pu-238 recovered; one column RC-1 yields 280 grams of Pu-238 and 965 grams of neptunium. 

2 4  
Neutralized evaporator bottoms Sp G r  -1.35. 



TABLE 13.1-8 

Frame Waste Composition (Low-Heat W a a a  

NO; 

Na+ 

OH- 
b 

SO;- 

*13+ 

3+ 

Mno2 

Fe 

K+ 

F- 

Hg2+ 

H20C 

Moles 

40,158 

56,205 

20.759 

1,850 

2,401 

925 

270 

403 

131 

5.9 

340,333 

kg 

2,490 

1,293 

353 

178 

65 

52 

23.5 

15.8 

2.5 

1.2 

6,126 

10,600 
(Volume, 
8020 L) 

W t  % 

23.5 

12.2 

3.3 

1.7 

0.6 

0.5 

0.2 

0.2 

0.02 

0.01 

57.8 

100 

a.  Basis: 1 kg Pu-238 recovered.  

b. 

c. Weight by d i f f e r e n c e .  

Moles requi red  t o  ba lance  i o n i c  charges.  
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Head-End Cake Wash 

50% C a u s t i c  

FS' Adjustment f o r  PR$ Feed 1 

1 1st Cycle  Waste (IAW) 

I 2nd U Cycle  Waste (IDW) ---c 

Frame Waste R e c y c l e  ( 6 . 6 )  
PRC + l l . 3 E  -c 1 2 . 1  --c 

t Hot-Canyon Sumps (820 and 2 
805 ) S t r i p  Water f o r  11.3E 

u.  Ferrous  Sul famate  
b. Plutonium Recovery Column 

FIGURE 13.1-1. Purex High-Heat Waste 

50% C a u s t i c  

2nd Pu C y c l e  Waste 
(2AW 

B-Line Waste 241 -F 

D i l u t i o n  Water f o r  
8 . 7  Tank 

A c i d  S o l v e n t  Washes 

A1 k a l i n e  S o l v e n t  Washe 

S t r i p  Waste - 7 . 6 / 7 . 7 €  

FIGURE 13.1 - 2 .  M i  scel 1 aneous High-Heat Waste 

Chemi cal s 

1 1 
Header Flushes 

t 
M P P F ~  

Rerun Waste 
(Solvent Washes) 

a .  Multi-Purpose Processing Facility 

F I G U R E  13.1-3. Purex Low-Heat Waste 
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Cold 
Feed 

Column 1 Raff.inate a> - Q 
Cold 
Feed 

Column 2 Raffinate 

Column 4 Raffinate 

B-Line Waste 

Resin Changes 

Recovery 

Adjustment Feed 

vaporat Recovery 

Adjustment 1 
and- Digestion 

Exhausted Resin from @ d- i Resin ges t i  on 

All Four 
Columns 

Low-Heat Waste 

FIGURE 13.1-5. Frame Waste Flowsheet 
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13.2 BASES FOR DETERMINING DWPF FEED STREAM COMPOSITION 

13.2.1 General 

Th i s  appendix summarizes t h e  bases  used t o  p repa re  t h e  DWPF 
r e f e r e n c e  feed compositions.  

13.2.2 Tank Cleanin& 

Tank c l ean ing  w a s  assumed t o  u s e  120 kga- of 4 w t  % oxa i c  
a c i d  f o r  d i s s o l v i n g / s l u r r y i n g  r e s i d u a l  s ludge  l e f t  i n  t anks  a f t e r  
h y d r a u l i c  c l ean ing .  Tank 16H o x a l i c  a c i d  w a s  assumed t o  be  
n e u t r a l i z e d  w i t h  10% excess NaOH, c l a r i f i e d ,  evaporated,  and 
s t o r e d  wi th  s a l t  cake. 
23 t a n k s  w a s  assumed to  be  d i g e s t e d  (desc r ibed  below) , n e u t r a l i z e d ,  
c l a r i f i e d ,  evaporated,  and s t o r e d  w i t h  salt  cake. After s t a r t u p ,  
o x a l i c  a c i d  from 1 5  t a n k s  w a s  assumed t o  be  d i g e s t e d ,  n e u t r a l i z e d ,  
c l a r i f i e d ,  and used t o  h e l p  d i s s o l v e  s a l t  cake f o r  DWPF s u p e r n a t e  
feed p r e p a r a t i o n .  

P r i o r  t o  DWPF s t a r t u p ,  o x a l i c  a c i d  from 

Diges t ion  c o n s i s t s  of adding 50 w t  % "03 wi th  Mn(N03)2 t o  
make up a lM "03 and 0.OlM Mn2+ s o l u t i o n .  
t h e  o x a l i c  a c i d  w a s  d i g e s t e d  by t h e  r ' e ac t ion  

It w a s  assumed 95% of 

x = 95% 
2(g) + 4H20 + 2No 

3H C 0 + 2HN03 2 6CO 2 2 4  

N e u t r a l i z a t i o n  w a s  assumed t o  be accomplished by adding 10  w t  % 
excess  NaOH i n  a 50 w t  % s o l u t i o n .  
were assumed t o  occur 

T h e  fo l lowing  r e a c t i o n s  

H C 0 

HN03 + NaOH -+ N a N 0 3  + H 2 0  

+ 2 NaOH + Na2C204 + 2 H 2 0  2 2 4  
4 .  

+ MnO-OH 2 NaOH + M ~ I ( N O ~ ) ~  + 1 / 4  02(g) + 1 / 2  H20  + 2 NaN03 
(SI 

The fol lowing q u a n t i t i e s  were inco rpora t ed  i n  t h e  feed 
d e s c r i p t i o n  of s a l t  cake and s a l t  cake d i l u e n t .  

- 13.2.1 - 



n 
P r i o r  t o  DWPF, During DWPF, 
i n  S a l t  Cake, as Di luent ,  
k l b  k l b  

NaNO3 2,215 1,490 
Na2C204 12 9 45 

NaOH 112 7 1  
- 1 6  , 821 H20 

T o t a l  2,456 18,427 

A t o t a l  of 23.2 k l b  of Mn from tank c leaning  was accounted 
f o r  i n  t h e  composite s ludge  composition es t imat ion .  

13.2.3 Forecas t  Q u a n t i t i e s  

The fol lowing series of bases  and assumptions were used t o  
develop q u a n t i t i e s  used i n  prepar ing  DWPF feed .  

4.730 Mgal of r e c o n s t i t u t e d  w a s t e  are t o  b e  processed 
each year .  

Forecas t  volumes f o r  waste q u a n t i t i e s  on hand a t  s t a r t u p  
are, 

Equivalent  Sludge 4.314 Mgal 
Equivalent  S a l t  Cake 1 3 . 6 2 2  Mgal  

The f o r e c a s t  product ion r a t e  f o r  f r e s h  waste i s  1.473 Mgallyr. 

S a l t  cake d e n s i t y  i s  1.8 g/cm’ and c o n t a i n s  78 w t  % sa l t  on 
a dry b a s i s .  Four g a l l o n s  of superna te  makes one g a l l o n  of 
sa l t  cake. 

Fresh waste and r e c o n s t i t u t e d  waste c o n t a i n  0.145 l b  of 
s o l i d s  per  g a l .  
1000 ppm of volume of s ludge.  

Supernate  and r e d i s s o l v e d  s a l t  cake conta in  

The w t  % of salts i n  f r e s h  waste superna te ,  r e c o n s t i t u t e d  
superna te ,  and i n  t h e  i n t e r s t i t i a l  superna te  of sett led 
s ludge  are a l l  i d e n t i c a l .  

The d e n s i t y  of t h e  s o l i d s  is 3 g/cm3 and t h e  d e n s i t y  of 
superna te  i s  given by t h e  fol lowing equat ions :  
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13.2.4 Compositions 

S a l t  compositi.ons are based on . l iquid waste having t h e  same 
r e l a t i v e  compositions as reference  supernate .  

Reference Supernate M o l a r i t i e s  

NaN03 2.2 Na2S04 0.3 

NaN02 1.1 N a C l  0.022 
NaAl02 0.5 NaF 0.002 

NaOH 0.75 Na[HgO(OH)] 0.001 
Na2C03 0.3 

S o l i d s  compositions were based upon t h e  fo l lowing  elemental  
a n a l y s i s  which w a s  der ived from analyses  of a c t u a l  waste tank  
s ludge  samples. 

Fe 
U a  

Ca 
N i  

Na 

NO? 

so2- 
Mn 

W t  % 

20.1 
2.28 

1.53 
2.80 
3.00” 
1. OOb 

0. 50b 

5.00” 

Element 

Hg 
c1 
F 

C 

A 1  

S i  

Other 

Wt: % -- 
0.994 
0.900 
0. 070d 
1. 58d 
11.9 

0.316 
0. 376e 
Balance 

a. Low-heat s ludge  assumed to c o n t a i n  no s i g n i f i -  
c a n t  uranium . 

b.  Estimated average va lue ,  A. (J. H i l l ,  Jr., 
p r i v a t e  communication, October 1 2 ,  1978. 

c. Inc ludes  c o n t r i b u t i o n  f o r e c a s t  from waste 

d. E. J.  Lukosius, p r i v a t e  communication, March 6,  1978. 
e. Based on 23,180 l b  of 1-127 released t o  waste from 

tank  decontamination. 

B-Line operatior,s .  
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Q 
P 2 ( x , t )  = 0.9757 + 0 . 9 8 1 3 ~  - 0.0007 t 

Where x = w t  f r a c t i o n  of s a l t  i n  s u p e r n a t e  

t = t e m p e r a t u r e ,  O C  

3 
pw( t )  = water’s d e n s i t y  a t  t e m p e r a t u r e  t ,  g / m  

x* = w t  f r a c t i o n  when pl(x+c,t) = p 2 ( x * , t )  

x<x* 

x>x* 

On t h e  b a s i s  of  t h e  assumpt ions  l i s t e d  above ,  t h e  q u a n t i t i e s  
of s l u d g e ,  sa l t  cake ,  and l i q u i d  waste on hand a t  s t a r t u p  are 

Volume, D e n s i t y ,  S a l t ,  S o l i d s ,  Water, T o t a l  
Mgal &icrn3 Mlb Mlb Mlb Mlb -- 

Sludge  4.314 1.369 11.77 8 .42  29.11 49.30 

S a l t  Cake 13.622 1 .8  159.49 0.1064 45.02 204.62 

The time p e r i o d  r e q u i r e d  t o  p r o c e s s  t h e  waste i n v e n t o r y  i s  
12.43 y r .  
consumed a t  t h e  12-gpm r e c o n s t i t u t e d  b a s i s  and t h e  12.88-gpm DWPF 
f e e d  b a s i s  i n s t a n t a n e o u s  rates are g iven  below assuming 75% 
a t t a i n m e n t  on a l l  t a n k  farm o p e r a t i o n s .  

The q u a n t i t i e s  of s a l t  cake and s l u d g e  t h a t  w i l l  be  

I n s t a n t a n e o u s  Rates 
DWPF Feed 
Basis, R e c o n s t i t u t e d  
E a l / h r  Basis, g a l / h r  

S ludge  
S l u r r y  H20 

52.8 52 .8  
51.8 

To t a l  105 .6  52 .8  - 
S a l t  Cake 166.8  166 .8  

Tank C lean ing  L iqu id  26 .1  26.1 
Water 494.4 494.4 

T o t a l  Supe rna te  667.2 667.2 

T o t a l  Feed 772 .8  720.0 
(12.88 gpm) (12 .00  gpm) 

- 1 3 . 2 . 3  - 



APPENDIX 13.3. 

DETAILED SLUDGE ANALYSES 13.3.1 

. 13.3.1 General 13.3.1: 
4 

13.3.2 Sludge Analyses , 13.3.1 

13.3.2.1 Initial Sampling Program 13.3.1 

13.3.2.2 Sludge/Supernate Separation Studies 13.3.1 

13.3.2.3 Chemical Dissolving of Sludge from a 
, High-Level Waste Tank 13.3.1 

13.3.2.4 Future Analyses 13.3.2 

13.3.3 References 13.3.11 

- 13.3-i - 

L . '  

! 



13.3 DETAILED SLUDGE ANALYSES 

13 .3 .1  General 

Development of a process  t o  convert  Savannah River  P lan t  
w a s t e  to a h igh - in t eg r i ty  s o l i d  requi red  chemical and rad iometr ic  
c h a r a c t e r i z a t i o n  of t h e  i n s o l u b l e  f r a c t i o n  of t h e  w a s t e .  For t h e  
p a s t  s e v e r a l  yea r s ,  s ludges  have been sampled and analyzed at t h e  
Savannah River Laboratory.  This appendix summarizes t h e  chemical 
and rad iometr ic  ana lyses  t h a t  have been performed t o  d a t e .  

13.3.2 Sludge Analyses 

13.3.2.1 I n i t i a l  Sampling' Program (J. A. Stone) 

I n  1975, twelve 3 - l i t e r  samples ( e s s e n t i a l l y  a sur face- type  
of sample) were c o l l e c t e d  from four  Savannah River P l a n t  waste 
tanks  wi th  a h y d r a u l i c a l l y  operated sampler. Each s ludge  sample 
w a s  washed and d r i ed  t o  y i e l d  a powdered product  t h a t  w a s  subse- 
quent ly  cha rac t e r i zed  by chemical and rad iometr ic  ana lyses  [l]. 
Tables  13.3-1 through 13.3-4 l i s t  the: chemical composition of 
s ludge from each waste tank  sampled. 
l i s t  t h e  r e s i d u a l  l eachab le  component:s and t h e  concen t r a t ion  
of r ad ionuc l ides ,  r e s p e c t i v e l y ,  f o r  elach s ludge  sample. 

Tables 13.3-5 and 13.3-6 

13.3.2.2 Sludge/Supernate Separa t ion  S tud ie s  (J. A. Stone) 

Approximately one year  following t h e  i n i t i a l  s ludge  sampling 
program, a d d i t i o n a l  s ludge samples were obta ined  from t h e  same 
four  tanks p lus  fou r  a d d i t i o n a l  tanks.  
t o  prepare a r e fe rence  waste composition f o r  demonstration of the 
i n i t i a l  conceptual  process  f o r  s epa ra t ing  t h e  s ludge  f r a c t i o n  from 
t h e  superna te  f r a c t i o n  [ 2 ] .  
components i n  t h e  washed, d r i ed  s ludge.  The p r i n c i p a l  r ad ionuc l ides  
are t abu la t ed  i n  Table 13.3-8. 

These samples were obta ined  

Table 13.3-7 l ists  t h e  p r i n c i p a l  

13.3.2.3 Chemical Disso lv ing  of Sludge from a 
High-Level Waste Tank 
(A.  J.  H i l l )  

A r e sea rch  and development e f f o r t  has  been under way at t h e  
Savannah River Laboratory t o  develop a method t o  chemically 
d i s s o l v e  t h e  s ludge not  a n t i c i p a t e d  t o  be removed dur ing  hydrau l i c  



s l u r r y i n g  and removal of Tank 16H s l u d g e  [ 3 , 4 ] .  Tables  13.3-9 
and 13.3-10 l i s t ,  r e s p e c t i v e l y ,  t h e  p r i n c i p a l  chemical  c o n s t i t -  
u e n t s  a n d ' . r a d i o n u c l i d e  c o n s t i t u e n t s  of washed, d r i e d  Tank 16H 
s l u d g e .  

13.3.2.4. F u t u r e  Analyses  (J. R. Fowler) 

I n  January  1979, an  e x t e n s i v e  s l u d g e  sampling program 
w a s  i n i t i a t e d  t o  o b t a i n  l a r g e  ( 2 5 - l i t e r )  s u b s u r f a c e  s l u d g e  samples 
from Waste Tanks 4 ,  7 ,  8, 18, 11, 1 2 ,  1 3 ,  15,  and 32.  These 
samples w i l l  b e  used i n  s l u d g e  washing and v i t r i f i c a t i o n  s t u d i e s  
u s i n g  bench-scale  equipment i n  t h e  SRL High-Level Caves [5].  As 
of t h i s  w r i t i n g ,  Tank 1 5 H  h a s  been sampled. Each sample w i l l  b e  
thoroughly  c h a r a c t e r i z e d  b o t h  chemica l ly  and r a d i o m e t r i c a l l y  [6 ,7] .  
As a n a l y t i c a l  r e s u l t s  become a v a i l a b l e ,  t h i s  s e c t i o n  will be up- 
d a t e d  and u l t i m a t e l y  t h e  r e f e r e n c e  f e e d  composi t ion  t o  t h e  DWPF 
w i l l  b e  a l t e r e d  as r e q u i r e d .  

- 13.3.2 - 



TABLE 13.3-1 

- Chemical Composition of LJashed, Dried Tank 5 Sludge 

Element 

Fe 
U 

Mn 
Na 

Ni 

Al 

Ca 
Ndb 

S i  

Zrb 

c r b  
Rub 

Ba 

Ceb 

Clb 
s r b 

Hg 
Lab 
Prb 
Sb 

K 

Wt % 

27.5 

15 .4  

1 0 . 8  

6.1 

5 . 1  

1 .5  

0 .6  

0 .5  

C 0 . 4  
0 .4  

0.3 

0 .3  

0.25 

0.2 

0.14 

0.1 

0.1 

0.1 

0.09 

0.09 

0.08 

Mole %a 

3 9 . 6  

5 .2  

15 .9  

21.6 

7 . 1  

4 .6  

1.3 

0.3 

<1.2 

0.4 

0 .5  

0.2 

0.15 

0.1 

0 .3  

0 .2  

0.09 

0.04 
0.05 

0.05 

0.2 

Element -- 
Pb 
znb 

Mg 
Cub 

Yb 

Agb 
pmb 

Pbb 
T i b  

Smb 

Eub 
Vb 

Th 

hrbb 

Rhb 
Mob 

Pub 

NPb 
Fb 

Bb 

Wt % 

0.07 

0.07 

0.07 

0.06 

0.06 

0.05 

0.04 

0.04 

0.04 

0.04 

0.04 

<O. 04 

0.02 

0.01 

0.01 
<o. 01 

<o. 01 
(0.008 

0.007 

<O. 003 

Mole %a 

0.2 

0.09 

0.02 

0.21 

0.07 

0.05 

0.03 

0.03 

0.02 

0.02 
0.06 

C0.02 

0.01 

0.02 
0.01 

<o. 01 

<O. 005 

<o. 002 

0.03 

<o. 02 

a. Calcu la ted  from sum of t h e  elements shown, wi thout  

b. From spark-source mass spectrometry ( f a c t o r  of 2 
0, N ,  o r  C. 

u n c e r t a i n t y ) ;  all o the r  va lues  from elemental  ana lyses .  
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TABLE 13.3-2 

Chemical Composition of Washed, Dried Tank 7 Sludge 

Element Wt % Mole %a Element IJt % Mole %a 

C 

Fe 

U 

Si 

Na 

Al 

Mn 

Ni 

Clb 

Ndb 

Ca 

Sb 

Znb 

Zrb 

Rub 

Crb 

Kb 

Agb 
c eb 
Pbb 

Fb 

16 .8  65.3 

8 .9  7 .4  

3.3 0.7 

3 .2  5.3 

2.8 5 . 7  
2.5 4 .3  

2.2 1 . 9  

2 .1  1 . 6  

2 .0  2.6 

1 .0  0.3 

0.83 1.0 

0.5 0.7 

0.5 0 .4  

0.5 0.3 

0 .5  0 . 2  

0.45 0 . 4  

0 .3  0.4 

0 .3  0 . 1  

0.25 0.08 

0.25 0.06 

0.15 0.37 

b cu 
b Sr 

Lab 

Pr.b 

Nbb 

Mg 
Csb 

Hgb 
Yb 

smb 

Rhb 

Bb 

Pb 

Ba 

Cdb 

Pdb 

Mob 

Eub 

Cob 

Vb 

Th 

0.15 

0.15 

0.15 

0.15 

0.13 

CO.1 

0.08 

0.06 

0.06 

0.05 

0.05 

0.05 

<0.05 

<O. 05 
0.03 

0.03 

<O. 014 

0.013 

<O. 013 

0.007 

<O. 005 

0.11 

0.08 

0.05 

0.05 

0.04 

<O. 05 

0.15 

0.02 

0.01 

0.03 

0.02 

0.02 

<o. 2 1  

<0.02 

0.05  

0.01 

<O. 007 

0.004 

<o. 010 

0.001 

<O. 005 

a. Calculated from sum of the elements shown, without 

b. From spark-source mass spectrometry (factor of 2 ' 

0 or N. 

uncertainty); all other values from elemental analyses. 
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TABLE 13.3-3 

Chemical Composition of Washed, D r i e d  Tank 1 3  Sludge 

Element Nt % Mole %a -- Element Wt % Mole %a 

Fe 27.9 

Mn 8.8 

A1 7 . 1  

U 4.0  

N a  3.1 
Ca 2.3 

Hg 2 . 1  
Clb 1 . 0  
c eb 1.0 

Nd <O. 6 

N i  0.5 
Pbb 0.5 
S i  C0.4 

Zrb 0.4  

Mgb 0.3 
Pb 0.3 
Lab 0 .3  

39.9 
12.8 

21.0 

1.3 

10.7 

4.7 

0.8 

2 . 3  
0.6  

C 0 . 3  

0.7 

0.2 

C1.1 

0.4  

1.0 

0.8 

0.2 

<0.2 

0.2 

0.15 

0.11 

<0.1 

CO.1 

CO.1 

0.09 

0.08 

<O. 06 

0.05 

<O. 04 

0.03 

<O. 007 

0.005 

<O. 005 

<O. 3 

0.1 

0.09 

0.04 
<o. 2 
<o. 09 

<O. 07 

0.13 

0.2 

<O. 04 

0.05 

c0.1 

0.04 

c0.01 

0.04  

<0.02 

a.  C a l c u l a t e d  from sum of elements  shown, w i t h o u t  
0 ,  N,  o r  C. 

u n c e r t a i n t y ) ;  a l l o t h e r  values  from e l e m e n t a l  a n a l y s e s .  
b.  From spark-source mass s p e c t r o m e t r y  ( f a c t o r  of 3 



TABLE 13.3-4 

Chemical Composition of Rashed, D r i e d  Tank 15 Sludge 

Element 

A1 
Fe 

Mn 
Nab 

Hg 
U 

N i  

Ndb 

s i b  
C a  

Th 

Mg 
~ r 3  
Ba 

Ceb 
Cub 
s r b  

znb 

' W t  % 

33.5 

3 . 1  

2.3 

1.2 

0.92 
0.91 

0.51 

0.30 

0.22 
0.21 

0.18 

0.14 

0.11 

0.10 

0.05 

0.04 

0.04 
<O .04 

Mole %a 

86.2 

3.9 

2.9 

3.6 

0.32 

0.26 

0.60 

0.15 

0.55 

0.38 

0.06 

0.39 

0.08 

0.05 

0.02 

0.05 

0.03 

(0 .04  

E l  e m  en t 

prb 
Lab 

Bb 
Pb 
Rub 

T i b  

Nbb 

Sb 

Crb 

Yb 
Smb 

Pbb 
Rhb 

K 

Pub 

vb 
Fb 

Wt % 

0.04 
0.04 

0.03 

.O. 03 

0.03 

<o. 02 

<o. 02 

c0.02 

0.015 

0.01 

0.01 

0.01 

0.01 

0.007 

<O. 005 

0.002 

<O. 0007 

Mole %a 

0.02 

0.02 

0.20 

0.07 

0.02 

C0.03 

<o. 0 1  

<O. 05 

0.03 

0.02 

0.01 

0.007 

0.005 

0.005 

<o. 001 

0.009 

<O. 0007 

a. Calcu la ted  from sum of elements shown, without  
0, N ,  o r  C. 

b. From spark-source mass spectrometry ( f a c t o r  of 3 
u n c e r t a i n t y ) ;  a l l  o t h e r  va lues  from elemental  ana lyses .  
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TABLE 13 .3 -5  

Residual Leachable Components 

Tank 5 Tank 7 Tank 1 3  Tank 1 5  
T p t a l ,  Leachable,  T c r i l ,  Leachable, T o t a l ,  Leachable, T o t a l ,  Leachable,  

Component w t  X wt % w t  x W t  x w t  z vt z wt x vt z 
Na+ 6.1 0.8 2 . 8  1.9 

- 
3.1 1.0 1 . 2  0.6 

No3- 3 . 0  0.6 1 . 2  1 . 2  0 . 5  0 . 3  5 . 0  0.3 

NO2- 0.06 0.004 0.09 0.03  0.03 0 .02  0.04 0.06 

s0'2- 5.5'  0 . 8  19.5a 3 . 7  2 .7a 0.8 5.7a 0.9 

a .  Total  s u l f a t e  I -a laes  may be high by a f a c t o r  of 5 t o  10; r e s u l t s  of a n a l y s e s  by three  
d i f f e r e n t  methods gave poor agreement. 

TABLE 13.3-6 

S p e c i f i c  A c t i v i t y  of Radionuclides 

I so tope  

Co- 60 
Sr-90 

Zr-95 
Nb-95 
Ru-103 
Ru-106 
Sb-125 

CS-134 
CS-137 

Ce-144 
Eu-154 

Gross a 

S p e c i f i c  A c t i v i t y ,  rnCi/g 
Tank 5 Tank 7 Tank 13  Tank 1 5  -- 
- 
74.68 

< 0 . 0 3  
<O. 03 
<o. 02 

2 . 7 3  
0 . 4 3  

C0.02 

1 .29  
4.77 
0 . 4 7  

- 
27 .03  

<o. 01 
<o. 01 
<o. 01 

1 . 4 1  - 
0.01 

1 . 3 0  

0.21 
<o. 01 

0.01 

15.49 
< 0 . 0 1  

0.02 
<o. 01 

0 . 4 0  
0 . 1 2  

<o. 01 
0 .30  

2 .01  
0.30 

- 
25.61 
<0.01 

C0.02 

c0.01 
1 . 7 4  
1 .27  
0 . 0 3  
0.07 

16.89 
1.18 

0.10 0 . 0 6  0 .28  0.14 



TABLE 13.3-7 

Principal Components of Washed, Dried Sludge 

Principal Metal 
Cations, w t  % 

F e  

A1 

Mn 

U 
Na 
Sr 
ca 

Hg 
N i  

Principal 
Anions, w t  % 

~ 0 3 -  

NO2’ 

s o p  
POL 3- 

Tanks 4F,6F Tank 5F Tank 12H Tank 13H Tanh i5H Tank 16H 

32.77 

2.28 

1.99 

9.22 

2.95 

1.70b 

2.28 

0.65 

6.29 

0.12 

0.02 

<0.5 

0. 6gb 

28.90 4.49 

1.57 30.16 

5.83 1.69 

10.81 a 
5.66 1.03 

1.29b c 

0.90 2.13 

0.12 1.12 

6.34 0.46 

25.57 

8.70 

7.85 

4.18 

2.58 

3.50b 

1.76 

2.32 

0.45 

5.29 

i a .  75 
2.45 

3.77 

2.45 

1. 80b 
0.52 

2.51 

0.73 

13.91 

16.61 

2.59 

4.49 

2.19 

C 

2.87 

2.80 

0.30 

1.16 0.42 0.31 0.19 0.32 

0.12 0.17 0.01 0.16 0.15 

<O. 5 <O. 5 <O. 5 <O. 5 <0.5 

0.3Zb c 2.15b 2. 87b C 

a .  Not detectable. 
b. Sr3(P04)2 carrier added. 
c .  Not determined. 

TABLE 13.3-8 

Principal Radionuclides in  Washed, Dried Sludge, mCi/g 

Isotope 

Sr-90 
Ce-144 

Ru-106 

CS- 13 7 
Eu-154 

Sb-125 

CO-60 

Tanks 4F,6F 

123.0 

30.5 

11.4 

0.7 

0.7 

1.4 

1.1 

Tank 5F 

177.5 

1.5 

1.3 

0.9 

0.6 

0.9 

1.1 

Tank 12H Tank 13H 

41.4 30.1 

17.4 0.3 

1.7 0.08 

0.05 0.3 

0.5 0.08 

0.3 0.06 

<o. 01 0.01 

Gross a 0.4  0.1 0 . 7  0.2 

Tank 15H 

55.0 

5.4 

1.0 

0.1 

0.4  

0.3 

0.06 

0.1 

Tank 16H 

53.6 

0.6 

0.2 

0.2 
0.1 

0.04 
0.02 

0.15 

A 
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TABLE 13.3-9 

Calculated P r i n c i p a l  Cons t i tuents  of Washed 
and Dried Tank 16 Sludge 

W t  % - Cons t i t  uent 

A102 16  

Fe3+ 40 

- 

16  

Na+ 20 

5042- 1.1 

s i 4 +  2.0 

Ba2+ 1 .0  

Ca2+ 1.0 

~ e 4 +  1 .0  

Hg2+ 2.5 

0.4 

a.  Calculated from d a t a  f o r  washed and 
unwashed d r i ed  s ludge.  Estimated 
re la t ive p rec i s ion .  wit:hin 230 t o  40%. 
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TABLE 13.3-10 

Na jo r  Radionucl ides  i n  Tank 16H Sludge 

Nuclide 

CO-60 
Sr-90 

Y-90 
Nb-95 

RU-106 
Rh-106 
cs-134 
CS-137 
Ba-137 
Ce-144 

Pr-144 
Pm-147 
EU-154 

Pub 

Res idua l  A c t i v i t y  i n  
Cent r i fuged ,  Washed, 
Dried Sludge, m C i / g  

50.0 
8.6 
8.6 
0.55 

13.6 
13.6 
0.40 
7.3 
7 .3  
45.5 
45.5 
a 
17 .3  
0.42 

a. Not determined. 
b. T o t a l  plutonium a lpha  a c t i v i t y .  

Removed by 
Two Washes, 
% 

N i l  

N i l  

N i l  

N i l  

N i l  

N i l  

94 
90 

90 
N i l  

N i l  

a 
N i l  

N i l  

A 
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1 3 . 4  DETAILED SUPERNATE ANALYSES ( R .  S.  Ondrejcin) 

13 .4 .1  General 

Since 1972, a program has been conducted a t  SRL t o  charac- 
t e r i z e  t h e  s o l u b l e  f r a c t i o n  (supernate)  of t h e  waste i n  s t o r a g e  
i n  the  200-Area Waste Tank Farms. Supernate samples were 
analyzed f o r  t h e  major c a t i o n s ,  an ions ,  and r ad ionuc l ides  [l]. 

13.4.2 Supernate Analyses 

Tables 13.4-1 and 13.4-2 summarize t h e  r e s u l t s  from chemical 
and rad iometr ic  ana lyses  of superna te  samples from s e l e c t e d  waste 
tanks i n  F Area. S imi l a r ly ,  t h e  r e s u l t s  on samples from H-Area  
tanks are summarized i n  Tables 13.4-3 and 13.4-4. 

13.4.3 References 

1. R,  S. Ondrejcin.  Chemical Compositions of Supernate Stored 
i n  SRP High-Level Waste Tanks. ‘USAEC Report DP-1347, E. I. 
du Pont de Nemours and Co., Savannah River Laboratory,  
A ikm,  SC (August 1974). 
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TABLE 13.4-1 

F-Area Waste Tank S u p e r n a t e  Analyses  

Tank Date . Ion  C o n c e n t r a t i o n ,  8 
No. Sampled Na+ NO3- NO?- Al(OH)4- 5 e - -  
1 

1 

1 

2 
2 
4 

5 
6 
8 

18 
34 

21 211 73 
81 5/74  
3 / 1 2 / 7 5  
21 201 73 
8 /27  I74 

6 1  231 72 
3 /1 /73  
3 /11  73  
3 / 8 / 7 3  
9 /71  72 
1 /12/76  

1 0 . 1  1 . 6  2.4 
1 1 . 7  1 . 9  3.4 
13 .7  1 . 5  2.7 

9 . 3  2.4 2.9 
1 3  1 . 5  2.6 
- 2.4 3.1 

9.4 2.4 3 .1  
5 . 0  1 . 6  1.1 
4.0 1 . 7  0 .5  

12.5 2 . 5  2 . 6  
11.4 2.4 2.6 

0.8 

0.8 

0.6 

0.7 
0.9 

0 . 5  
0.7 
0.4 
0.4 

0.7 
0.4 

6 . 3  
7.6 
9 . 1  
4.5 

9.4 
2.8 
4.4 
1 . 7  

1.1 

3.4 
5 . 9  

<0.1 

0.13 

0.11 
<0 .1  

0.09 
0 .2  

co.1 

0.1 

<0.1 

0.3 
w 

0.02 

0.007 
0.007 

0.02 
0.008 
0.03 
0.02 
0.14 

0.18 
0.02 
0.008 

0.08 

0.06 
0.08 

0.04 
0.07 
0.04 
0.04 
0.02 
0.02 
0.03 
0.04 

0.06 
- 
- 
0.06 
- 
0.03 
0.06 
0.04 
0.03 
0.11 
- 

a .  Dash i n d i c a t e s  "not r e q u e s t e d . "  

TABLE 13.4-2 

F-Area Waste Tank Supernate Radionuclide Analyses 

A c t i v i t y ,  dis/min/mla 
Tank Date Cs-137 Sr-90 Ru-106 Total  Pu Gross cx - No. Sampled 10-9 10-5 10-6 10-4 

1 

1 

1 

2 

2 

4 

5 
6 

8 

18 

34 

2 I 2 1  17 3 
8/5/74 

3/12/75 

2120173 

8/24/74 

6/23/72 

3/1/73 

31 1/73 
3/8/73 

9/7/72 

11121 76 

14 

10 

15 

8 

13 

11 

23 
4 

26 

11 

a 

5 

20 

30 

1 

1.8 

9 
7 

12 

4.4  

140 

70 
- 
140 

20 
- 
25 

200 

670 

30 

10 

0.04 

2 

co.01 
- 
0.s 

0.02 

0.03 

0.02 

0.4 

4.7 

<o.os 
8.0 

140 
<0.05 

0.4 

1 

1 

0.9 - 
280 

a. Dash ind ica tes  "not requested." 
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TABLE 13.4-3 

H-Area Waste Tank Supernate Analvses 

Tank Date 
No. Sampled 

9 1 /11 /73  

- -  

10  1 /5 /73  
10 8/27/74 
11 7/11/72 
12 7/11/72 
1 3  12/19/72  
1 4  1 /3 /72  
1 5  12/19/72 
1 5  10/9 /75  
1 5  12/18/75  
21 5 /4 /72  
21 6/19/72 
24 2 /6 /73  
24 8 /27/74  

Na+  NO^- - -  
1 2 . 5  1 .9  
9.1 4.5 
8.9 3.1 
- 3.7 
- 3.3 

5.7 3.6 
8.9 2.8 
6.2 3.6 
7 . 1  3.4 
7 .1  3 .3  
- 6.4 
- 5.3 

9.4 2.6 
4 . 1  1 .5  

NO2- - 
3.2 
1.8 
2.1 
0.6 
1.1 

0.5 
2.0 

1.1 
1.2  
1 . 2  
0.2 
1 .5  
1 .7  
0 .5  

1 . 6  

1 . 0  
1.2 
0 .9  
0.7 
0.4 
1.1 
1.0 

0 .53  
0.54 
1.2 
1 . 0  
0.9 
0.2 

3.8 
1 .9  
3.6 
0.8 
1 .0  
1.1 
2 . 5  
1 .0  
1 . 4  

1 . 6  
2.6 
2.6 
4.3 
2 .6  

0 . 1  
co .1  

0.18 
0 . 1  
0.2 
0 . 1  

co.1  

0 . 1  
0.1 
0.04 

0.3 
0.1 

<0.1 
0.13 

a. Dash indicates "not requested." 

TABLE 13.4-4 

H-Area Waste Supernate Radionuclide Analyses 

Tank Date 
- No. Sampled 

9 1 / 1 1 / 7 3  

10 1 / 5 / 7 3  
10 8 / 2 7 / 7 4  

11 7 / 1 1 / 7 2  
12 7 / 1 1 / 7 2  

1 3  1 2 / 1 9 / 7 2  

1 4  1 / 3 / 7 3  

1 5  12/19 I 7 2  

1 5  1 0 / 9 / 7 5  

15 1 2 / 1 8 / 7 5  

21 5 / 4 / 7 2  

21 6 / 1 9 / 7 2  
24 2 / 6 / 7 3  

2 4  8 / 2 7 / 7 4  

0.02  
0.08 

0.02 
0.03 
0.03 
0.08 

0.04 
0.05 

0.04 
0.04 
0.06 
0.05 
0.02 
0.01 

0.05 
0.02 

<o. 01 

0.009 
0.009 
0.02 
0.01 
<0.01 
- 
- 
0.009 
0.009 

C0.02 
0.02 

Activity , dis/min/mla 
0-137 Sr-90 Ru-106 
10-9 10-5 10-6 --- 

4 3 4 

8 0.4 4 
4.5 0 . 9  10 

1 0.2 3 

2 18 0.9 

5 21 2 

2 30 0.3 
2 26 - 

- - - 
- - 23 

0.7 0 . 6  0.1 

Total Pu Gross cx 
10-4 

3 

1 4  
- 
0.2 

0.001 
0.8 

6 

0.2 

0.6 

1 

0.5 

0.5 - 
- 

10-4 

40 

25 
2 0  
- 
- 
3 

8 

0.5 

0.8 

65 
- 
- 
1 

5 

0.029 
0.020 
- 
0.005 
0.005 

0.018 
0.019 
0.016 
- 
- 
0.015 
0.020 
0.040 - 

a .  Dash indicates "not requested . " 
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13.7 ISOTOPIC CONTENT OF DWPF PROCESS STREJOTS ( J .  R.  Chandler) 

1 3 . 7 . 1  General 

This appendix provides  d e t a i l e d  t e c h n i c a l  information about 
t h e  r a d i o n u c l i d e  composition of t h e  DWPF r e f e r e n c e  f e e d ,  p rocess  
streams, and waste p roduc t s .  Because: t h e  d a t a  from t h e  r ad io -  
n u c l i d e  balance is q u i t e  l eng thy ,  da.ta are recorded on t h e  
mic ro f i che  c a r d s  found a t  t h e  end of t h i s  appendix. 

13.7.2 Radionuclide Composition of Spent Fuel  Assemblies, 
Assembly Wastes and Reference Waste Blend 

- - _ _  
The c a l c u l a t i o n a l  bases  f o r  computing t h e  r a d i o n u c l i d e  

composition of t h e  r e f e r e n c e  waste feed t o  t h e  DWTF i s  desc r ibed  
i n  Chapter 7 of t h i s  document. 

Radionucl ide c o n c e n t r a t i o n s  f o r  i r r a d i a t e d  a s sembl i e s  are 
c a l c u l a t e d  i n  two s t e p s .  F i r s t ,  a GLASS computer c a l c u l a t i o n  
provides  neutron f l u x e s  and spectrum-averaged c r o s s  s e c t i o n s  
a t  v a r i o u s  t i m e s  du r ing  t h e  i r r a d i a t i o n .  Second, t h e  f l u x e s  
and c r o s s  s e c t i o n s  from GLASS are used by t h e  FPCALCG module of 
t h e  SHIELD system t o  compute t h e  i s o t o p i c  inven to ry  [l] . 
f i r s t  s t e p  i s  necessa ry  s i n c e  a c t i n i d e  i s o t o p i c  i n v e n t o r i e s  a r e  
s e n s i t i v e  t o  d e t a i l e d  neu t ron  f l u x  spectrum e f f e c t s .  

The 

The GLASS-FPCALCG c a l c u l a t i o n  computes most of t h e  radio-  
n u c l i d e s  w i t h i n  each assembly a t  t h e  end of i r r a d i a t i o n .  The 
major excep t ions  are H-3, Eu-154, Cr-51, and CO-60. 

T r i t i um i s  produced i n  t e r n a r y  f i s s i o n .  The t r i t i u m  
con ten t  is computed from t h e  equa t ion  

Exposurelassembly 3H,fission 
Energylf i s s i o n  3H/assembly = 

The fol lowing assumptions are made: 

0 One H atom produced pe r  l o 4  f i s s i o n s  3 

195  MeV per  f i s s i o n  

0 Assembly exposures l i s t e d  i n  Table 7 .1 .  
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152Eu i s  produced by neutron c a p t u r e  i n  s t a b l e  151Eu, t h e  
daughter of 151Sm. 
assembly was determined us ing  t h e  equat ion 

The 151Eu concent ra t ion  i n  an i r r a d i a t e d  

where h ( t )  i s  t h e  t i m e -  ependent c o n c e n t r a t ' o n  of I5 lSm,  ASm i s  
t h e  decay cons tan t  f o r  "lSm (decaying t o  '"Eu), $)(TI i s  t h e  
neutron f l u x ,  u i s  t h e  neutron c a p t u r e  c r o s s  s e c t i o n  f o r  151Eu, 
and T i s  t h e  per iod  of i r r a d i a t i o n .  

51Cr and 6oCo are produced from t h e  a c t i v a t i o n  of i m p u r i t i e s  
i n  t h e  f u e l  assemblies .  The a c t i v a t i o n  
a f t e r  a per iod of i r r a d i a t i o n  and decay 
t h e  formula 

2 $) = neutron f l u x ,  neut/cm -sec,  

oTAP = c r o s s  s e c t i o n  (barns)  f o r  a 

of a given i s o t o p e ,  J ,  
can be c a l c u l a t e d  by 

neutron r e a c t i o n  with 
i s o t o p e  J l e a d i n g  t o  an  a c t i v a t e d  nuc leus ,  B,  J ' D  

NJ = atom d e n s i t y  i n  atornsjb-cm of i s o t o p e  J, 

Ab decay cons tan t  f o r  t h e  a c t i v a t e d  nucleus,  B ,  
( A  = 0.693/T , where T i s  t h e  h a l f - l i f e  of t h e  
a c t i v a t e d  nucbeus) , + 

t - i r r a d i a t i o n  per iod.  

tD = decay t i m e  a f t e r  t h e  i r r a d i a t i o n  was ended, and 

% = number of d i s i n t e g r a t i o n s  per  second of i s o t o p e  B 

1 -  

per  cubic  cent imeter .  

This  formula accounts  f o r  t h e  bui ldup  and decay of i s o t o p e  B from 
neut ron  c a p t u r e  i n  i s o t o p e  J and assumes t h a t  t h e  loss of i s o t o p e  
B t o  neut ron  r e a c t i o n s  i s  n e g l i g i b l e .  

The C r  impuri ty  w a s  assumed t o  be 0.2% of aluminum. The 
5 0 C r  i s o t o p e  i s  4.35% of n a t u r a l  chromium and has a neutron 
c a p t u r e  c r o s s  s e c t i o n  of 15.9 barns  t o  produce t h e  metas tab le  
i s o t o p e ,  5 1 ~ r .  
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The 6oCo a c t i v i t y  i s  d u e  t o  neutron a c t i v a t i o n  of 59C0 and 
6 o N i  i m p u r i t i e s  i n  t h e  aluminum of t h e  assemblies .  
impuri ty  was assumed t o  be 0.001% of aluminum. 
i s  100% of n a t u r a l  c o b a l t  and has a neiltron capture  c r o s s  s e c t i o n  
of 37 barns  t o  produce 6oCo. 
assumed t o  be 1%. 
(n ,p> c r o s s  s e c t i o n  of 9.25 barns  t o  produce Co. 

The Co 
The 5 9 ~ o  i s o t o p e  

The N i  impuri ty  of aluminum was 

66 6 0 N i  i s  26% of n a t u r a l  n i c k  1 and has  an 

Radionuclide concent ra t ions  f o r  each assembly a r e  l i s t e d  a t  
0 and 180 days fol lowing r e a c t o r  i r r a d i a t i o n .  
180-day cool ing  per iod ,  s e p a r a t i o n  f a c t o r s  (Table 7 . 2 )  are 
appl ied  and concent ra t ions  a r e  tabula ted  f o r  ages  up t o  100 
years .  The r e f e r e n c e  waste blend i s  computed from t h e  assembly 
concent ra t ions  and volume propor t ions  of Table 7.3. The radio-  
nuc l ide  concent ra t ions  i n  t h e  r e f e r e n c e  blend are tabula ted  f o r  
ages 0.5 t o  100 years .  

Following t h e  

13.7.3 Radionuclide Composition of Process  S t reams 

A computer model of t h e  DWPF r e f e r e n c e  flowsheet has been 
developed with t h e  PROCESS module of t h e  SHIELD system. The 
rad ionucl ides  a r e  separa ted  i n t o  s o l u b l e  and i n s o l u b l e  radio-  
n u c l i d e s  (Appendix 13.9).  The components of each group a r e  
t a b u l a t e d  i n  Table 4.18. The s t e a d y  s t a t e  s o l u t i o n s  from t h e  
s o l u b l e  and i n s o l u b l e  cases are combined f o r  f i n a l  r e s u l t s .  
R e s u l t s  a r e  l i s t e d  f o r  processing waste feed t h a t  i s  5 y e a r s  o ld  
and waste feed t h a t  i s  1 5  y e a r s  o ld .  

13.7.4 Radionuclide Concentrat ions i n  Glass and Sa l tc re te  

The rad ionucl ide  composition of g l a s s  and saltcrete has  
been computed f o r  t h e  s o l i d i f i c a t i o n  of wastes of ages  5 ,  1 0 ,  
15 ,  20,  25, 30, 35, 4 0 ,  4 5 ,  and 50 y e a r s .  For  t h e  5 and 15-year  
cases, t h e  g l a s s  and sa l tc re te  components are l i s t e d  f o r  decay 
per iods  up t o  1000 years .  

13.7.5 Use of Microf iche 

The r e s u l t s  of t h e  rad ionucl ide  c a l c u l a t i o n s  are l i s t e d  on 
t h e  microf iche.  Concentrat ions a r e  l i s t e d  i n  u n i t s  of c u r i e s ,  
grams,  w a t t s ,  and photonslsecond per  volume. The t a b l e  have 
headings with t h e  form: 

Shie ld .  DWPF. ? Compos i t . ? 

The f i r s t  v a r i a b l e  name r e f e r s  t o  t h e  flowsheet which conta ins  
t h i s  stream. The las t  name i s  t h e  stream name. Reference 
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f lowsheet  stream names have t h e  form FS-i-j ,  where i is t h e  
f lowsheet  number and j i s  t h e  stream number. 

The times l i s t e d  i n  each t a b l e  are t h e  times s i n c e  r e a c t o r  
shutdown. Five and f i f t e e n  y e a r s  are l i s t e d  f o r  t h e  r e f e r e n c e  
DWPF f lowsheet.  

13 .7 .6  Cases on Microfiche 

Radionucl ide c o n c e n t r a t i o n s  i n  DWPF p rocess  streams have 

The second case 
been c a l c u l a t e d  f o r  t h r e e  cases. The f i r s t  case assumes s ludge  
and s u p e r n a t e  are 5 y e a r s  o l d  when v i t r i f i e d .  
assumes sludge and s u p e r n a t e  are  15 y e a r s  o l d  when processed. 
I n  t h e  t h i r d  case, t h e  s ludge feed i s  5 y e a r s  o l d  and t h e  
supe rna te  is  15 y e a r s  o l d .  
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13.9 BASIS FOR DETERMINING RADIONUCLIDES I N  SLUDGE AND SUPERNATE 
FEEDS 

13.9.1 General 

This appendix summarizes the basis used to determine the 
proportionment of radionuclides between the sludge and supernate 
feeds, 

13.9.2 Tank Farm Inventories 

The quantities of solids and salt: at startup are (see Appendix 
13.2). 

Salt, Mlb Solids, - Mlb 

Sludge 11.77 8.42 

Salt Cake 159.49 0.1064 

Tank Cleaning 1.606 

The time required to process this waste inventory is 12.43 years. 

13.9.3 Feed Distribution 

Feed rates for the quantities in Section 13.9.2 are 

Salt, lb/hr Solids, lb/hr 

Sludge-Slurry 144.2 103.1 

Supernate 1975 

Totals 2119.2 104.4 

These feed rates assume 75% attainment on all tank farm operations. 

1.302 -- 

Radionuclides in the waste blend are assumed to have the 
following solubilities. 

7. 13.9.1 - 
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Percent  o f  Radionuclides t h a t  are  Soluble  i n  
the  Waste Blend 

Group Iden t  . Radionucl ides  

I 

I1 

Cs-Ba 

Tc, Ru-Rh 

IV 

V 

VI 

% Soluble  

100 

50.0 

5.0 

La,  Ce-Pr, Pm, 1.0 
Nd, Sm, Tb, Sn-Sb 

Sr-Y, Rb, Mo 0 . 2  

Co, Zr-Nb, Eu, 0.1 
Np, U, Pu, Am, Cm 

. . . . 
. _. . , . .. 

.- . 
.. . 

The r ad ionuc l ide  d i s t r i b u t i o n s  can be descr ibed  by: 

% of r ad ionuc l ide  i n  sa l t  of superna te  = 

( l b / h r  sa l t  i n  superna te)  ( ' s o l u b i l i t y  f r a c t i o n )  
( l b / h r  sa l t  i n  feed)  

% of r ad ionuc l ide  i n  s o l i d s  of supe rna te  = 

( l b / h r  s o l i d s  i n  superna te)  ( l - s o l u b i l i t y  f r a c t i o n )  
( l b / h r  s o l i d s  i n  f eed )  

% of r ad ionuc l ide  i n  sa l t  of s ludge  = 

( l b / h r  salt  i n  s ludge)  ( s o l u b i l i t y  f r a c t i o n )  
( l b / h r  sa l t  i n  feed)  

% of  r ad ionuc l ide  i n  s o l i d s  of s ludge = 

( l b / h r  s o l i d s  i n  s ludge)  (1 - so lub i l i t y  f r a c t i o n )  
( l b / h r  s o l i d s  i n  f eed )  
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Results f o r  each of the radionuclides are listed below. 

I 93.20 0 6.80 0 

46.60 0.63 3.40 49.37 ‘I1 

4.66 1 .19  0.34 93.81 

0.93 1.24 0.07 97.76 

0.19 1.25 0.01 98.55 

0.09 1.25 0 .01  98.65 

I11 

IV 

V 

VI 
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