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TECHNICAL SUMMARY 
NUCLEAR WASTE VITRIFICATION PROJECT 

1.0 INTRODUCTION 

1.1 BACKGROUND 

The Nuc lear  Waste V i t r i f i c a t i o n  P r o j e c t  (NWVP) was i n i t i a t e d  t o  p r o v i d e  a demonstra- 

t i o n  o f  t h e  v i t r i f i c a t i o n  o f  h i g h - l e v e l  l i q u i d  waste (HLLW) f rom spent f u e l  d i scha rged  f r o m  

an o p e r a t i n g  LWR, a key  t o  c l o s i n g  t h e  f u e l  c y c l e  and m a i n t a i n i n g  rep rocess ing  as a t e c h n i -  

c a l l y  accep tab le  o p t i o n .  

S ince  1958, t h e  P a c i f i c  Northwest Labora to ry  (PNL), ope ra ted  by B a t t e l l e  Memorial 

I n s t i t u t e  f o r  t h e  DOE, and i t s  predecessor,  t h e  General E l e c t r i c  Company, have conducted  an 

on-going research ,  development, and demonst ra t ion  program t o  p r o v i d e  techno logy  f o r  t h e  

s o l i d i f i c a t i o n  o f  wastes f r o m  t h e  p rocess ing  o f  commercial  LWR f u e l s .  Between 1966 and 

1970, t h e  f e a s i b i l i t y  o f  s o l i d i f y i n g  r a d i o a c t i v e  wastes was demonstrated on an e n g i n e e r i n g  

s c a l e  w i t h  s imu la ted  c o m e r c i  a1 wastes p repared  f rom Hanf o r d  reac  t o r - f u e l  r e p r o c e s s i  ng 

wastes, p l u s  added i n e r t  chemica ls .  

A t  i t s  i n c e p t i o n ,  t h e  NWVP encompassed two tasks  o f  t h e  Commercial H igh-Leve l  Waste 

Imnobi l i z a t i  on Program: Waste P repara t i on ,  and R a d i o a c t i v e  Demonst ra t ion  o f  V i  tr i f  i c a -  

t i o n .  The p r o j e c t  was s t a r t e d  i n  A p r i l  1976 and t e r m i n a t e d  i n  June 1979. 

1.2 OBJECTIVE OF THE NWVP 

The o b j e c t i v e  o f  t h e  NWVP was t o  demonstrate t h e  s o l i d i f i c a t i o n  ( v i t r i f i c a t i o n )  as a 

b o r o s i l i c a t e  g lass ,  o f  a c t u a l  h i g h - l e v e l  l i q u i d  waste f r o m  spent LWR f u e l .  

1.3 SCOPE OF PROJECT 

The scope o f  t h e  Waste P r e p a r a t i o n  task  i n c l u d e d  t h e  design, i n s t a l l a t i o n ,  and opera- 

t i o n  o f  a sma l l - sca le  (1 t U  LWR fue l /month)  p i l o t  p l a n t ,  wh ich  would p repare  a c t u a l  HLLW 
f o r  v i t r i f i c a t i o n .  The o p e r a t i o n a l  aspec ts  o f  t h i s  task  i nc luded :  t h e  procurement o f  

i r r a d i a t e d  LWR f u e l ;  t h e  p rocess ing  o p e r a t i o n s  t o  p repare  HLLW; and o t h e r  necessary opera- 

t i o n s  assoc ia ted  w i t h  t h e  d i s p o s i t i o n  o f  t h e  uraniumn waste and o t h e r  f u e l  res idues ,  

i n c l u d i n g  t h e  p l u t o n i u m  a s s o c i a t e d  w i t h  t h e  f u e l .  The p l u t o n i u m  by-produc t  was p u r i f i e d  

and conver ted  t o  p l u t o n i u m  o x i d e  f o r  ease o f  t r a n s p o r t  and s to rage.  

The scope o f  t h e  v i t r i f i c a t i o n  task  i n c l u d e d  t h e  m o d i f i c a t i o n  o f  t h e  spray  c a l c i n e r /  

in -can m e l t e r  system p r e v i o u s l y  used (McEl roy  1972) and o p e r a t i o n 1  o f  t h i s  eng inee r ing -sca le  

(up  t o  1 tU/day) waste v i t r i f i c a t i o n  system. The HLLW was v i t r i f i e d  i n  two 20.3-cm- 

(8 - in . - )  d iameter  by  2.44-111- ( 8 - f t - )  l ong  c a n i s t e r s .  

1.4 PURPOSE OF THIS REPORT 

The purpose o f  t h i s  r e p o r t  i s  t o  p resen t  i n  sumnary fo rm an overv iew o f  t h e  NWVP 
f a c i l i t i e s  and t h e i r  o p e r a t i o n  and performance. Separate t o p i c a l  t e c h n i c a l  r e p o r t s  on 

numerous aspec ts  o f  t h e  p r o j e c t  a c t i v i t i e s  w i l l  b e  i ssued.  

1 



2.0 SUMMARY 

S i x  p r e s s u r i z e d - w a t e r - r e a c t o r  (PWR) f u e l  assembl ies,  c o n t a i n i n g  2.3 t U  f rom an o p e r a t -  

i n g  l i g h t - w a t e r  r e a c t o r  ( P o i n t  Beach), have been processed f o r  t h e  genera t i on  o f  h i g h - l e v e l  

l i q u i d  waste (HLLW). A conven t iona l  Purex- type process  was used f o r  t h e  f i r s t  NWVP p r o -  

cess ing  c y c l e  so t h e  HLLW genera ted  would be t y p i c a l  o f  t h e  n i t r i c - a c i d ,  f i s s i o n - p r o d u c t  

waste s t ream f rom t h e  f i r s t  e x t r a c t i o n  c y c l e  (HAW) o f  a commercial p l a n t .  

Uranium and n o n - r a d i o a c t i v e  chemicals,  no rma l l y  added t o  t h e  HLLW by b a c k - c y c l i n g  of 

waste f r o m  second and t h i r d  s o l v e n t  e x t r a c t i o n  cyc les ,  were added t o  t h e  d i l u t e  HLLW t o  

produce a waste compos i t ion  t y p i c a l  o f  t h e  HLLW f rom a c o m e r c i a l  p l a n t .  The waste was 

then  concen t ra ted  t e n f o l d  t o  p r o v i d e  feed  f o r  t h e  PNL-developed spray  c a l c i n e r / i n - c a n  m e l t -  

i n g  (SC/ICM) process. Dur ing  v i t r i f i c a t i o n ,  t h e  l i q u i d  waste was pumped a t  a r a t e  o f  10 t o  

15 L /h  t o  t h e  c a l c i n e r  vesse l ,  which was heated  t o  75OoC. The powdered c a l c i n e  f e l l  i n t o  

a s t a i n l e s s - s t e e l  c a n i s t e r ,  which was ma in ta ined  a t  1O5O0C; t h i s  c a n i s t e r  was a t tached  

d i r e c t l y  t o  t h e  bo t tom o f  t h e  c a l c i n e r .  G lass- fo rming  chemicals were metered i n t o  t h e  can- 

i s t e r  s imu l taneous ly  w i t h  t h e  c a l c i n e .  A f t e r  t h e  m a t e r i a l s  melted, t h e  c a n i s t e r  was coo led  

t o  produce a s t a b l e  v i t r e o u s  g l a s s .  Two 20.3-cm- ( 8 - i n . - )  d iameter  by 244-cm- ( 8 - f t - )  h i g h  
c a n i s t e r s  c o n t a i n i n g  g lass  were produced. 

The waste p r e p a r a t i o n  f a c i l i t y  was designed t o  process 50 kg U/day ( c a p a c i t y  

f a c t o r  = 1 ) .  Th i s  c a p a c i t y  equates t o  1 tLJ/month, w i t h  a p lanned on-stream e f f i c i e n c y  o f  

70%. The a c t u a l  on-s t ream e f f i c i e n c y  exceeded 90% f o r  t h e  f i r s t  t h r e e  weeks o f  ope ra t i on ,  

t hen  dropped t o  around 50% f o r  t h e  rema in ing  p e r i o d  o f  o p e r a t i o n s .  The average on-stream 

e f f i c i e n c y  o f  62% i s  e x c e l l e n t  f o r  t h e  f i r s t  h o t  s t a r t u p  o f  a new p rocess ing  f a c i l i t y .  The 

decrease i n  e f f i c i e n c y  was a lmost  e n t i r e l y  due t o  a p l u g g i n g  prob lem i n  t h e  o v e r f l o w  l i 'ne 

f r o m  t h e  s o l v e n t - e x t r a c t i o n - p r o d u c t  (HCP) c o n c e n t r a t o r .  

The v i t r i f i c a t i o n  f a c i l i t y ,  c o n s t r u c t e d  seve ra l  y e a r s  b e f o r e  t h e  i n c e p t i o n  o f  t h e  

NWVP, was designed t o  ope ra te  a t  a c a p a c i t y  o f  1 tU/day u s i n g  waste a t  a c o n c e n t r a t i o n  o f  

378 L / t  o f  u ran ium processed. Dur ing  p r o j e c t  o p e r a t i o n s ,  t h e  f a c i l i t y  was opera ted  w i t h  a 

more d i l u t e  waste f o r  two 2-day campaigns i n  o r d e r  t o  d e l i b e r a t e l y  l eng then  t h e  o p e r a t i n g  

t i m e  f o r  da ta  c o l l e c t i o n  purposes. The o p e r a t i n g  r u n s  were r o u t i n e .  The o n l y  p rocess ing  

d i f f i c u l t y  was a p a r t i a l  f a i l u r e  o f  t h e  a tomiz ing  n o z z l e  i n  t h e  spray  c a l c i n e r ,  which 

r e s u l t e d  i n  incomple te  f i l l i n g  o f  t h e  f i r s t  c a n i s t e r  o f  g lass .  

The p l u t o n i u m  by-produc t  o f  waste p r e p a r a t i o n  was p u r i f i e d  f r o m  uran ium and f i s s i o n  

p roduc ts  by  i o n  exchange. The p l u t o n i u m  n i t r a t e - n i t r i c  a c i d  s o l u t i o n  was c a l c i n e d  d i r e c t l y  

t o  ox ide  i n  a screw c a l c i n e r ,  t h e n  t h e  o x i d e  was sea led  i n  c o n t a i n e r s  and p laced  i n  s t o r -  

age. The c a l c i n e r  p r o d u c t  met t h e  s p e c i f i c a t i o n s  developed f o r  NWVP. However, one can o f  

ox ide  s e l f - h e a t e d  s u f f i c i e n t l y ,  when sea led  i n  an i n s u l a t e d  t r a n s f e r  c o n t a i n e r ,  t h a t  r e s i d -  

u a l  v o l a t i l e  m a t e r i a l s  r u p t u r e d  t h e  can as i t  was be ing  removed f r o m  t h e  t r a n s f e r  con- 

t a i n e r .  Both the  c a l c i n e r  tempera ture  and ox ide  res idence  t i m e  i n  t h e  c a l c i n e r  were 

i nc reased  t o  reduce t h e  amount o f  r e s i d u a l  v o l a t i l e  m a t e r i a l s  i n  subsequent ba tches  o f  

oxide. As an added p recau t ion ,  t h e  o x i d e  was heated  t o  65OoC f o r  t h r e e  hours  i n  a m u f f l e  
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f u rnace  b e f o r e  i t  was packaged f o r  s to rage.  A pa ramet r i c  s tudy  o f  t h e  e f f e c t  o f  c a l c i n e r  

o p e r a t i n g  c o n d i t i o n s  on p r o d u c t  q u a l i t y  and t h e  s a f e t y  o f  subsequent s to rage  c o n d i t i o n s  i s  

recommended. 

A l l  cask t r a n s f e r s  of  uranium l i q u i d  waste, sheared h u l l s  and o t h e r  fue l -assemb ly  

hardware, and o t h e r  s o l i d  waste t o  t h e  200 East Area f o r  d i s p o s a l  were made w i t h o u t  i n c i -  

dent.  A l l  o f f  gas r e l e a s e d  t o  t h e  atmosphere was c o n t i n u o u s l y  mon i to red  and found t o  be  

w e l l  w i t h i n  t h e  d i scha rge  l i m i t s  e s t a b l i s h e d  f o r  t h e  NWVP by t h e  Env i ronmenta l  Assessment 

f o r  t h e  p r o j e c t .  
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3.0 FACILITIES DESCRIPTION 

3.1 BACKGROUND 

Because t h e  NWVP i s  a demonst ra t ion  o f  techno logy ,  t h e r e  a r e  two p r i n c i p a l  p r o d u c t s  

f r o m  t h e  p r o j e c t :  1) t h e  documentat ion d e s c r i b i n g  t h e  "what and how" o f  t h e  s u c c e s s f u l  

demonst ra t ion ,  and 2 )  two c a n i s t e r s  o f  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  t h e  f i s s i o n  p r o d u c t s  

f r o m  i r r a d i a t e d  LWR f u e l .  A by-produc t  o f  t h e  p r o j e c t  i s  p u r i f i e d  p l u t o n i u m  ox ide .  The 

p r i n c i p a l  wastes f rom t h e  demonst ra t ion  a r e  f u e l  assembly hardware, c l a d d i n g  h u l l s ,  a 

f i s s i  on-product-contami na ted  uran ium stream, a l o w - l e v e l  -contami na ted  process  condensate 

stream, gaseous wastes, f a i l e d  equipment, and m i s c e l l a n e o u s  s o l i d  wastes. 

The f e a s i b i l i t y  o f  s o l i d i f y i n g  r a d i o a c t i v e  wastes was demonstrated on an e n g i n e e r i n g  

s c a l e  by 1970. T h i s  was done i n  t h e  324 B u i l d i n g  H igh-Leve l  C e l l s ;  t h e  process equipment 

used f o r  these o p e r a t i o n s  remained i n  p l a c e .  Thus, t h e  324 B u i l d i n g  was t h e  l o g i c a l  l o c a -  

t i o n  i n  which t o  demonstrate t h e  v i t r i f i c a t i o n  o f  HLLW separa ted  f r o m  a c t u a l  LWR f u e l .  

B e f o r e  t h e  s e l e c t i o n  o f  t h e  325 B u i l d i n g  H igh-Leve l  C e l l s  f o r  t h e  waste p r e p a r a t i o n  

task ,  two o t h e r  a l t e r n a t i v e s  were c o n s i d e r e d  b y  PNL: 1) use o f  t h e  ZOO-E Area Hot  Semi- 

Works, and 2)  use o f  a d d i t i o n a l  space i n  t h e  324 B u i l d i n g .  The Semi-works a l t e r n a t i v e  was 
d i s c a r d e d  because o f  t h e  h a z a r d s  o f  moving h i g h - l e v e l  l i q u i d  w a s t e  between a reas ,  t h e  lack 

of remote maintenance c a p a b i l i t y ,  l a r g e  c a p a c i t y ,  and t h e  e x c e s s i v e  c o s t  and t i m e  t o  r e t u r n  

t o  s a f e  o p e r a t i o n .  The t i m e  aspec t  a lone made Hot  Semi-works i n c o m p a t i b l e  w i t h  t h e  program 

needs. The use o f  a d d i t i o n a l  space i n  t h e  324 B u i l d i n g  was d i s c o u n t e d  p r e d o m i n a n t l y  

because o f  c o n f l i c t s  w i t h  t h e  o v e r a l l  waste management programs, overc rowd ing  o f  t h e  f a c i -  

l i t y ,  and personne l  l o g i s t i c s .  T h i s  l a t t e r  a l t e r n a t i v e  was r e c o n s i d e r e d  b y  b o t h  PNL and 

ERDA-RL d u r i n g  t h e  conceptua l  d e s i g n  s t a g e  and was a g a i n  r e j e c t e d  f o r  these reasons. 

There fore ,  t h e  325-A B u i l d i n g  was chosen as t h e  l o c a t i o n  f o r  t h e  h i g h - l e v e l  waste p repara-  

t i o n  f a c i l i t y .  

3.2 DESIGN FEATURES 

The s i m p l i f i e d  f lowscheme ;n F i g u r e  3 .1  p i c t o r i a l l y  shows t h e  major  p r o c e s s i n g  f u n c -  

t i o n s  o f  NWVP and t h e i r  p h y s i c a l  r e l a t i o n s h i p s  t o  each o t h e r .  These f u n c t i o n s  a r e  f u e l  

r e c e i p t  and s to rage,  shear ing ,  d i s s o l v i n g ,  i n t e r b u i l d i n g  t r a n s f e r  o f  d i s s o l v e r  s o l u t i o n ,  

s o l v e n t  e x t r a c t i o n ,  i n t e r b u i l d i n g  t r a n s f e r  o f  HLLW, p r e p a r a t i o n  o f  HLLW f o r  v i t r i f i c a t i o n ,  

v i t r i f i c a t i o n ,  and o f f - g a s  t r e a t m e n t .  S u b s i d i a r y  f u n c t i o n s  i n c l u d e  i o n  exchange, p l u t o n i u m  

c a l c i n a t i o n ,  and waste d i s p o s a l .  The equipment and f a c i l i t i e s  a r e  d e s c r i b e d  i n  

S e c t i o l  3.0. O p e r a t i o n  and performance o f  t h e  f a c i l i t i e s  a r e  d e s c r i b e d  i n  S e c t i o n  4.0. 

Fuel-cask u n l o a d i n g  c a p a b i l i t y  e x i s t e d  i n  t h e  324 B u i l d i n g ,  whereas t h e  325-A B u i l d i n g  

h o t  c e l l s  c o u l d  o n l y  r e c e i v e  chopped f u e l  i n  a s p e c i a l l y  designed c a n i s t e r  cask. The i n t e -  

g r a t e d  NWVP f a c i l i t y  was designed t o  reduce t h e  l e v e l  o f  r a d i a t i o n  exposure r e c e i v e d  by 

o p e r a t i n g  personne l  t o  as low a l e v e l  as r e a s o n a b l y  ach ievab le .  T h i s  d i c t a t e d  t h a t  t h e  

p r i m a r y  d i s s o l v e r  be l o c a t e d  ad jacent  t o  t h e  f u e l  shear equipment i n  t h e  324 B u i l d i n g  and 

t h a t  an e x i s t i n g ,  b u t  unconnected, underground p i p e l i n e  between t h e  two b u i l d i n g s  b e  

m o d i f i e d  and connected. The p i p e l i n e  was needed f o r  t r a n s f e r  o f  o f f  gas, d i s s o l v e r  
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s o l u t i o n ,  and HLLW between t h e  b u i l d i n g s .  T r a n s f e r  b y  p i p e l i n e  was p r e f e r r e d  because such 

t r a n s f e r s  d i d  n o t  i n v o l v e  r a d i a t i o n  exposure t o  o p e r a t i n g  personne l .  However, t h e  c a p a b i l -  

i t y  f o r  cask t r a n s f e r  o f  chopped f u e l  and h i g h - a c t i v i t y  s o l u t i o n s  between b u i l d i n g s  was 

m a i n t a i n e d  as a backup o p t i o n .  

The o b j e c t i v e  o f  t h e  NWVP was t o  demonstrate t h e  s o l i d i f i c a t i o n  ( v i t r i f i c a t i o n )  as a 

b o r o s i l i c a t e  g lass ,  o f  HLLW f r o m  spent LWR f u e l .  There fore ,  f o r  p u b l i c  acceptance, t h e  

f i s s i o n - p r o d u c t  HLLW used f o r  v i t r i f i c a t i o n  must n o t  b e  a s y n t h e t i c  s o l u t i o n ,  b u t  must be  

t y p i c a l  o f  t h e  HLLW produced by e x i s t i n g  o r  p o t e n t i a l  f u e l  r e p r o c e s s i n g  p l a n t s .  Because a t  

t h e  i n c e p t i o n  o f  t h e  NWVP such p l a n t s  used a Purex- type s o l v e n t  e x t r a c t i o n  system f o r  t h e  

f i r s t  co-decontaminat ion  cyc le ,  t h i s  system was s e l e c t e d  f o r  NWVP. A l though a l t e r n a t i v e  

mechanisms f o r  c o u n t e r - c u r r e n t  c o n t a c t  o f  aqueous and o r g a n i c  streams were considered, 

f i x e d - p l a t e  pneumat ic -pu lsed columns were s e l e c t e d  because o f  e x t e n s i v e  o n - p l a n t  t e c h n o l -  

ogy, s i m p l i c i t y  o f  des ign,  and t h e  a b i l i t y  o f  such equipment t o  process u n c l a r i f i e d  feed.  

I n  a Purex- type s o l v e n t  e x t r a c t i o n  system, t h e  aqueous waste stream f r o m  t h e  e x t r a c t i o n  

column ( d e s i g n a t e d  HAW) c o n t a i n s  e s s e n t i a l l y  a l l  o f  t h e  f i s s i o n  produc ts ,  s o l i d s ,  and o t h e r  

n o n e x t r a c t a b l e  i m p u r i t i e s  p r e s e n t  i n  t h e  d i s s o l v e r  s o l u t i o n ;  thus ,  t h i s  stream becomes t h e  

HLLW f r o m  t h e  r e p r o c e s s i n g  system. 

The h o t  c e l l s  w i t h i n  t h e  324 and 325-A B u i l d i n g s  were des igned f o r  d i s t i n c t l y  d i f f e r -  
en t  types  o f  o p e r a t i o n .  The 324 B u i l d i n g  ho t  c e l l s  were designed w i t h  a c e n t r a l  a i r  l o c k  

and r e m o t e l y - o p e r a t e d  overhead b r i d g e  c ranes  f o r  remote i n s t a l l a t i o n ,  maintenance, and 

o p e r a t i o n  o f  b o t h  l a r g e  and s m a l l  p i e c e s  o f  equipment. Th is  des ign  f e a t u r e  i s  i l l u s t r a t e d  

b y  F i g u r e  3.2. A f t e r  f a b r i c a t i o n ,  a l l  p i e c e s  o f  t h e  324 B u i l d i n g  equipment were s e t  up and 

o p e r a t e d  i n  a " c o l d "  zone t o  ensure t h a t  t h e y  f u n c t i o n e d  p r o p e r l y  and c o m p l i e d  w i t h  des ign  

c r i t e r i a .  The equipment was then disassembled and r e m o t e l y  i n s t a l l e d  w i t h i n  t h e  c e l l  b y  

o p e r a t i o n s  personne l .  The h o t  c e l l  was n o t  decontaminated f o r  t h i s  i n s t a l l a t i o n .  

Conversely,  t h e r e  i s  no l a r g e  a i r  l o c k  f o r  t h e  325-A B u i l d i n g  h o t  c e l l s ,  as shown i n  

F i g u r e  3.3. Small  i tems can be  moved i n  o r  o u t  o f  t h e  c e l l s  t h r o u g h  a 33-cm- ( 1 3 - i n . - )  d i a  

p o r t  t h r o u g h  each r e a r  s h i e l d i n g  door, b u t  i n s t a l l a t i o n  o r  replacement o f  l a r g e  equipment 

r e q u i r e s  decontaminat ion  o f  t h e  c e l l  t o  a l e v e l  low enough f o r  personne l  e n t r y  t h r o u g h  t h e  

c e l l  door .  T h i s  imposes r e s t r a i n t s  on equipment des ign  and i n s t a l l a t i o n .  A l l  i tems o f  

equipment, such as va lves ,  pumps, o r  i n s t r u m e n t a t i o n  s u s c e p t i b l e  t o  r a d i a t i o n  damage or 
r a p i d  f a i l u r e ,  must be  l o c a t e d  w i t h i n  reach of  t h e  m a n i p u l a t o r s ,  must be l i g h t  enough t o  be 

handled by m d n i p u l a t o r s ,  and must be  s m a l l  enough t o  be r e p l a c e d  t h r o u g h  t h e  33-cm- 

( 1 3 - i n . - )  d i a  p o r t .  C o n s t r u c t i o n  c ra f tsmen i n i t i a l l y  i n s t a l l e d  a l l  t h e  equipment i n  t h e  

c e l l s  u s i n g  hands-on methods. Any f a i l u r e  o f  a l a r g e  p i e c e  o f  equipment t h a t  cannot b e  

by-passed w i l l  r e q u i r e  decontaminat ion  o f  t h e  c e l l  b e f o r e  t h e  equipment can be  rep laced.  

3.3 324 BUILDING 

3.3.1 Fue l  A c q u i s i t i o n  and Storage 

The NWVP f a c i l i t i e s  a r e  designed t o  r e c e i v e  and hand le  e i t h e r  p r e s s u r i z e d  water  

r e a c t o r  (PWR) o r  b o i l i n g  water  r e a c t o r  (BWR) spent f u e l  assembl ies.  Such assembl ies,  

sh ipped i n  an NAC-1 s h i e l d e d  s h i p p i n g  cask by t r a c t o r - t r a i l e r ,  a re  r e c e i v e d  i n  t h e  Truck 

Lock u n l o a d i n g  f a c i l i t y ,  l o c a t e d  i n  t h e  324 B u i l d i n g  near  t h e  r e a r  f a c e  o f  t h e  h o t - c e l l  
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complex. F i g u r e  3.4 shows a schematic arrangement o f  some o f  t h e  u n l o a d i n g  equipment, i n  
a d d i t i o n  t o  some o f  t h e  p r o c e s s i n g  equipment i n s t a l l e d  i n  B-Ce l l .  The cask i s  removed f r o m  

t h e  t r a i l e r  b y  a 30- ton  b r i d g e  crane, i s  c a r r i e d  t o  a c r a d l e  l o c a t e d  i n  t h e  Cask Hand l ing  

Area, e l e v a t e d  f r o m  a h o r i z o n t a l  t o  a v e r t i c a l  p o s i t i o n ,  t h e n  a g a i n  moved by t h e  c r a n e  and 

p o s i t i o n e d  on a t rack-mounted cask d o l l y .  The cask i s  t h e n  draped w i t h  p l a s t i c  and r o l l e d  

i n t o  t h e  s h i e l d e d  A i r  Lock; t h e  t r a c k s  o u t s i d e  t h e  A i r  Lock a r e  removed, and t h e  A i r  Lock 

door  i s  c losed.  W i t h  a wal l -mounted j i b  c rane and a 6 - t o n  b r i d g e  crane, t h e  cask l i d  i s  

removed, t h e n  t h e  f u e l  assembly i s  e x t r a c t e d  f r o m  t h e  cask and p l a c e d  i n s i d e  a h a n d l i n g  

t h i m b l e .  The f u e l  assembly, enc losed i n  t h e  t h i m b l e ,  i s  t r a n s f e r r e d  i n t o  B-Cel l  b y  t h e  

b r i d g e  c r a n e  and i s  p l a c e d  i n  a f u e l  s t o r a g e  rack ,  designed as a m i n i - w e t - b a s i n .  The cask 

i s  t h e n  r e s e a l e d ,  t h e  drapes a r e  removed, and as necessary,  t h e  cask i s  decontaminated. 

A f t e r  t h e  A i r  Lock door i s  opened, t h e  cask i s  removed and r e p l a c e d  on t h e  t r a i l e r ,  by a 

r e v e r s a l  o f  t h e  s t e p s  d e s c r i b e d  above. 

The f u e l  t h i m b l e s  a r e  square tubes  3.31 m (130.5 i n . )  long,  c l o s e d  a t  one end. The 

open end i s  rounded and f u n n e l e d  o u t  t o  f a c i l i t a t e  remote acceptance o f  t h e  square f u e l  

assembly. A l i f t i n g  b a i l  a t t a c h e d  t o  t h e  t h i m b l e  p e r m i t s  movement o f  t h e  t h i m b l e  b y  over -  

head c ranes .  The t h i m b l e  p r o v i d e s  s t r u c t u r a l  s u p p o r t  and damage p r o t e c t i o n  f o r  t h e  f u e l  

assembly d u r i n g  h a n d l i n g  and s to rage.  

The f u e l  s t o r a g e  r a c k  can h o l d  up t o  n i n e  f u e l  assembl ies.  The c o o l i n g  c a p a c i t y  o f  

t h e  h e a t  exchanger i n  t h e  s to rage rack  exceeds 45 kW. However, because such c a p a c i t y  was 

n o t  needed f o r  t h e  4-  and 6 - y r - c o o l e d  f u e l  used i n  t h e  p r o j e c t ,  t h e  c o o l i n g  c o i l s  i n  t h e  

s t o r a g e  r a c k  were n o t  used. A ske tch  showing t h e  f u e l  s t o r a g e  rack ,  f u e l  assembly t a b l e ,  a 

f u e l  t h i m b l e ,  t h e  f e e d e r  p u l l e r ,  and t h e  shear i s  shown i n  F i g u r e  3.5. 

3.3.2 Fue l  Disassembly and S h e a r i n g  

For  d isassembly  and shear ing ,  a t h i m b l e  c o n t a i n i n g  one PWR f u e l  assembly i s  removed 

f r o m  t h e  s t o r a g e  rack  and p l a c e d  on t h e  d isassembly  t a b l e ,  as shown i n  F i g u r e  3.5. Seven- 

teen o f  t h e  196 Z i r c a l o y  tubes  i n  a PWR f u e l  assembly do n o t  c o n t a i n  f u e l .  T h e i r  f u n c t i o n  

i s  t o  h o l d  i n s t r u m e n t a t i o n ,  t i e  t h e  nozz le  p l a t e s  t o g e t h e r ,  and h o l d  t h e  spacers i n  p l a c e .  
The f u e l  p i n s  a r e  n o t  a t t a c h e d  a t  e i t h e r  end. Disassembly i s  accompl ished by  s e v e r i n g  each 

i n s t r u m e n t  t u b e  w i t h  an i n s i d e  t u b i n g  c u t t e r  and by removing t h e  t o p  nozz le  p l a t e .  The 

f u e l  p i n s  a r e  then w i thdrawn f r o m  t h e  assembly, l e a v i n g  t h e  t i e  tubes,  spacers, and b o t t o m  

n o z z l e  p l a t e  i n  p l a c e  i n s i d e  t h e  t h i m b l e .  

The t a b l e  f o r  f u e l  assembly has m u l t i p l e  d e s i g n  f e a t u r e s .  I n  a d d i t i o n  t o  h o l d i n g  t h e  

f u e l  t h i m b l e ,  i t  has h o r i z o n t a l ,  v e r t i c a l  and a x i a l  m o t i o n s  necessary  t o  l i n e  up f u e l  r o d s  

w i t h  a f e e d e r - p u l l e r  mechanism t o  t h e  shear. L i n e a r  a c t u a t o r s  p r o v i d e  power f o r  t h e  t h r e e  

m o t i o n s  o f  t h e  t a b l e .  

The f e e d e r - p u l l e r  i s  designed t o  remove one t o  f o u r  f u e l  r o d s  and t o  f e e d  them i n t o  

t h e  shear.  A d o u b l e - a c t i n g  a i r  c y l i n d e r  o p e r a t e s  t h e  dev ice,  wh ich  grabs,  p u l l s ,  r e l e a s e s ,  

and r e t r a c t s  i n  sequence w i t h  t h e  upand downstroke o f  t h e  s h e a r i n g  b lade.  

A c o m e r c i a l  h y d r a u l i c  s h e a r ( a )  has been m o d i f i e d  so t h a t  it i s  more r e s i s t a n t  tn 

t h e  r a d i a t i o n  environment.  The pump, motor,  and f l u i d  r e s e r v o i r  ( w a t e r l g l y c o l )  a re  l o c a t e d  

_ _ _ _ ~  
( a )  W. A .  Whitney Co., Rockford,  I L .  
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o u t s i d e  t h e , c e l l .  The c u t t i n g  mechanism has been designed so t h a t  l a t e r a l  f o r c e s  on t h e  

b lade  are  balanced. Two f u e l  p ieces  are  produced, 5.1 cm ( 2  i n . )  and 1.3 cm ( 1 / 2  i n . )  i n  

l eng th ,  w i t h  t h i s  double-balanced c u t  design. The c u t  f u e l  p ieces  drop  down a chu te  i n t o  a 

basket  l o c a t e d  i n s i d e  t h e  d i s s o l v e r .  

3.3.3 P r imary  D i s s o l v e r  

The ma jo r  components o f  t h e  p r i m a r y  d i s s o l v e r  a re  t h e  d i s s o l v e r  vessel ,  w i t h  i t s  aux- 

i l i a r y  r e s e r v o i r ,  and t h e  d i s s o l v e r  o f f - g a s  system. The d i s s o l v e r  o f f - g a s  system c o n s i s t s  

o f  a demis te r ,  a condenser, a steam heater ,  and a s i l v e r  z e o l i t e  bed w i t h  an a u x i l i a r y  

e l e c t r i c a l  heater .  T h i s  equipment i s  shown i n  F i g u r e s  3.6 and 3.7. ( I n t e g r a t i o n  o f  t h e  

d i s s o l v e r  system, t h e  f u e l  shear, t h e  o f f - g a s  system, and t h e  d i s s o l v e r - s o l u t i o n  h o l d i n g  

tanks  i s  shown l a t e r  by t h e  process  f l o w  diagram i n  F i g u r e  4.1.) 

The 25.4-cm- (10- in . - )  d i a  d i s s o l v e r  vesse l  and t h e  30.5-cm- (12 - in . - )  d i a  a u x i l i a r y  

r e s e r v o i r  a re  f a b r i c a t e d  f r o m  Schedule 40 p i p e  w i t h  t h r e e  c ross  connect ions  between them. 

The arrangement f a c i l i t a t e s  thermosiphon r e c i r c u l a t i o n  between t h e  two vesse ls ,  t hus  maxi-  

m i z i n g  t h e  c a p a c i t y  of t he  d i s s o l v e r  w h i l e  m a i n t a i n i n g  p r e s c r i b e d  nuc lea r  c r i t i c a l i t y  s a f e t y  

c o n s t r a i n t s .  The e n t i r e  u n i t  i s  designed t o  f i t  
tank  f o r  secondary containment.  

The d i s s o l v e r  l i d  sea ts  in a wa te r -sea l -po t  

t i n g  p ressu re  o f  -12 t o  -25 cm ( - 5  t o  -10 i n . )  of 

c-30 cm o r  >30 cm (<-12 i n .  o r  >12 i n . )  o f  water  

w i t h o u t  b r e a k i n g  t h e  water  sea l .  

i n s i d e  an e x i s t i n g  78.7-cm- (31 - in . - )  I D  

enc losu re  f o r  m a i n t a i n i n g  a normal opera- 

water  w i t h i n  t h e  . d i s s o l v e r .  Pressures  o f  

cannot be  reached i n  t h e  d i s s o l v e r  vesse l  

I n s i d e  t h e  d i s s o l v e r  a re  b o t h  steam and water  c o i l s ,  a l t e r n a t e l y  wound down t h e  i n s i d e  

d iameter  o f  t h e  s h e l l  encompassing t h e  t o t a l  l e n g t h  o f  t h e  basket .  These c o i l s  a re  h e l d  i n  

p l a c e  and a re  p r o t e c t e d  f rom p o s s i b l e  damage by a p e r f o r a t e d  screen. The screen (16 ga. 

63% f r e e  area) a l s o  l i m i t s  t h e  d iameter  t h a t  f u e l  rods  c o u l d  f i l l ,  i n  case f u e l  i s  a c c i -  

d e n t l y  sheared w i t h o u t  a basket  i n  p lace .  

The p e r f o r a t e d  basket  f i t s  i n s i d e  t h e  d i s s o l v e r .  I t  i s  suppor ted  p r i m a r i l y  f rom t h e  

r e i n f o r c i n g  c o l l a r  a t  t h e  upper end. Some suppor t  from t h e  bo t tom b racke ts  i s  a v a i l a b l e ,  

i f  l i n e a r  expansion occurs .  The b a s k e t - l i f t i n g  r o d  extends t o  t h e  t o p  o f  t h e  d i s s o l v e r ,  

where a l i f t i n g  b a i l  i s  l oca ted .  The b a i l  f i t s  i n t o  s l o t s  t o  p r o p e r l y  a l i g n  t h e  basket  t o  

t h e  chopped-fuel  chute,  which i s  l o c a t e d  j u s t  above t h e  basket.  A p e r f o r a t e d  screen on t h e  

l i f t i n g  r o d  hand le  p reven ts  any p ieces  g r e a t e r  t han  0.397 cm (5 /32  i n . )  i n  d iameter  f r o m  

b e i n g  c a r r i e d  over  i n t o  t h e  r e s e r v o i r  w i t h  t h e  r e c i r c u l a t i n g  s o l u t i o n .  

The top  o v e r f l o w  t o  t h e  r e s e r v o i r  i s  l o c a t e d  about  7.6 cm ( 3  i n . )  above t h e  chopped 

f u e l  i n l e t .  D u r i n g  d i s s o l u t i o n ,  t h e  s o l u t i o n  o v e r f l o w i n g  i n t o  t h e  r e s e r v o i r  e f f e c t s  a sea l  

o f  t h e  f u e l  i n l e t  l i n e ,  thus,  i n leakage  f r o m  t h e  shear i s  reduced. The m idd le  c ross  con- 

n e c t i o n  between t h e  d i s s o l v e r  and r e s e r v o i r  has been i n s t a l l e d  p r i m a r i l y  f o r  t h e  d i s s o l u -  

t i o n  o f  a h a l f  ba tch  of f ue l .  

The lower  r e t u r n  l i n e  f r o m  t h e  r e s e r v o i r  e n t e r s  t h e  d i s s o l v e r  a t  a t a n g e n t i a l  p o s i t i o n  

t o  a i d  i n  keep ing  suspended any m a t e r i a l  t h a t  m igh t  s e t t l e  on t h e  bo t tom o f  t h e  d i s s o l v e r .  

The d i s s o l v e r  c o n t a i n s  an a i r  sparge j u s t  below t h e  basket,  f o u r  thermocouple p e n e t r a t i o n s ,  
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a p r e s s u r e  tap ,  s p e c i f i c  g r a v i t y  and l i q u i d - l e v e l  d i p  tubes,  a s o l u t i o n  j e t - o u t  l i n e ,  a 

chemical  a d d i t i o n  l i n e ,  and a spare  l i n e  e x t e n d i n g  t o  t h e  bo t tom o f  t h e  d i s s o l v e r .  A l l  

c o n s t r u c t i o n  m a t e r i a l s  a r e  304L s t a i n l e s s  s t e e l .  

3.3.4 D i s s o l v e r  O f f - g a s  System 

The d i s s o l v e r  o f f - g a s  system c o n s i s t s  o f  a demis te r ,  s h e l l  and t u b e  condenser, o f f - g a s  

heaters ,  and a s i l v e r  z e o l i t e  bed. 

The demis te r ,  s i r e d  f o r  1.13 m3/min. (40 scfm) gas f l o w  a t  95OC, i s  i n s t a l l e d  i n  

t h e  d i s s o l v e r  o f f - g a s  l i n e  upstream f r o m  t h e  condenser. The d e m i s t e r  mesh pad has a c r o s s  

s e c t i o n s !  a rea  o f  186 cm2 (0.2 f t 2 )  and a depth  o f  23 cm. ( 9  i n . ) .  P r e d i c t e d  p e r f o r -  

mance d a t a  i s  97% removal  o f  10 p d iameter  d r o p l e t s ,  a t  a gas f l o w  o f  1.42 m /min. (50  

scfm). 

The d i s s o l v e r  condenser i s  a s h e l l  and t u b e  condenser w i t h  a h e a t - t r a n s f e r  s u r f a c e  

area  o f  6.32 in2 (68 f t ’ ) .  The condenser i s  s i z e d  f o r  t h e  maxivum heat  t r a n s f e r  a rea  

t h a t  c o u l d  p h y s i c a l l y  f i t  i n t o  t h e  e x i s t i n g  space envelope. I t  i s  d e s i r a b l e  t o  keep t h e  

o f f  gas a t  

3 

6OoC t o  a v o i d  i o d i n e  r e t e n t i o n  i n  t h e  condensate. 

A s team- jacketed  h e a t e r  and an a u x i l i a r y  e l e c t r i c a l  h e a t e r  a r e  used t o  r a i s e  t h e  tem- 

p e r a t u r e  o f  t h e  off gas t o  between 100 and 13OoC; thus ,  condensat ion  o f  water  i n  t h e  

z e o l i t e  bed i s  avo ided and t h e  r e a c t i o n  k i n e t i c s  o f  t h e  a b s o r p t i o n  process  a r e  inc reased.  

The s i l v e r  z e o l i t e  absorber i s  designed as a v e r t i c a l  g a s - f l o w  bed, 25 cm i n  d iameter  

x 15 cm deep (10 i n .  i n  d iameter  x 6 i n .  deep) w i t h  d i s s o l v e r  o f f  gas f l o w i n g  down t h r o u g h  

t h e  bed. The bed i s  c o n t a i n e d  w i t h i n  a basket  f o r  remote reDlacement. 

3.3.5 D i s s o l v e r - S o l u t i o n  F i l t r a t i o n  and T r a n s f e r  t o  325-A B u i l d i n g  

Two types  o f  s o l i d s  remain suspended i n  t h e  d i s s o l v e r  s o l u t i o n  a f t e r  d i s s o l u t i o n :  

1) Z i r c a l o y  o r  Z i r c a l o y - o x i d e  c h i p s  and f i n e s ,  and 2 )  u n d i s s o l v e d  f u e l  and f i s s i o n - p r o d u c t  

p a r t  i c 1 es . 
D i s s o l v e r  s o l u t i o n  i s  t r a n s f e r r e d  b y  j e t  f r o m  t h e  d i s s o l v e r ,  t h r o u g h  an i n - l i n e  f i l t e r  

c a n i s t e r ,  t o  a h o l d i n g  tank  (shown l a t e r  i n  F i g u r e  4.1).  The 100 1.1 s t a i n l e s s - s t e e l  f i l t e r  

i s  des igned t o  r e t a i n  o n l y  t h e  l a r g e r  p a r t i c l e s  and t o  pass t h e  f i n e r ,  e a s i l y  suspended 

p a r t i c l e s  t h a t  remaim w i t h  t h e  f i s s i o n  p r o d u c t s  d u r i n g  subsequent p r o c e s s i n g  and end up i n  

t h e  v i t r i f i e d  g lass .  When p lugged w i t h  s o l i d s ,  t h e  f i l t e r  c a n i s t e r  i s  removed f r o m  t h e  

system, f i l l e d  w i t h  cement, t h e n  surrounded by cement i n  a d i s p o s a l  bucket .  These precau- 

t i o n s  a r e  t a k e n  t o  a v o i d  t h e  p o t e n t i a l  o f  a , Z i r c a l o y - f i n e s  f i r e .  

D i s s o l v e r  s o l u t i o n  i n  t h e  h o l d i n g  t a n k  i s  a i r - l i f t e d  t o  a r e c i r c u l a t i n g  head p o t .  

T h i s  head p o t  p r o v i d e s  a c o n s t a n t  source o f  d i s s o l v e r  s o l u t i o n  a t  an adequate e l e v a t i o n  f o r  

vacuum t r a n s f e r  t h r o u g h  t h e  3 /8 - in .  s e c t i o n  o f  t h e  i n t e r b u i l d i n g  p i p e l i n e  f r o m  324 B u i l d i n g  
t o  325-A B u i l d i n g  (see S e c t i o n  ~3.5). 

3.3.6 HLLW C o n c e n t r a t i o n  and Feed P r e p a r a t i o n  

The m a j o r  components o f  t h e  HLLW c o n c e n t r a t i o n  and f e e d  p r e p a r a t i o n  f a c i l i t y ,  a l l  

l o c a t e d  i n  t h e  324 B u i l d i n g ,  a r e  t h e  s e r v i c e  tanks  TK-112, TK-114 and TK-116, t h e  evapora- 

t o r  (TK-113), t h e  a c i d  f r a c t i o n a t o r  (TK-115), and t h e  process-o f f -gas  scrubber  

15 



(TK-118). The HLLW i s  t r a n s f e r r e d  by a 

B u i l d i n g  V a u l t  t o  TK-106 i n  324 B u i l d i n g .  

TK-107, where chemical  a d d i t i o n s  are  made 

concen t r a t  i on. ( The tank - t o -  t ank t r a n s  f e r  

324 B u i l d i n g  steam j e t  f rom TK-W4 i n  t h e  325-A 

S o l u t i o n  i s  t hen  t r a n s f e r r e d  t o  a s to rage tank ,  

b e f o r e  t h e  s o l u t i o n  i s  t r a n s f e r r e d  t o  6-Ce11 f o r  

o f  s o l u t i o n  i n  B-Ce l l  i s  shown l a t e r  i n  t h e  p ro -  

cess f l o w  diagram, F i g u r e  4.3.) Each o f  these equipment p ieces  i s  desc r ibed  below. 

E vapor a t  o r  (TK - 1 13 ) 

The evapora to r  has t h r e e  f u n c t i o n s :  1) HLLW c o n c e n t r a t i o n ,  2 )  condensate concent ra -  

t i o n  d u r i n g  c a l c i n e r  o p e r a t i o n ,  and 3)  o f f - g a s  decontaminat ion .  The equipment i s  a 

medium-length-tube, thermosyphon-type evapora to r  designed t o  opera te  w i t h  a maximum-to- 

minimum o p e r a t i n g  volume r a t i o  o f  1 8 : l .  The evapora to r  i s  c o n s t r u c t e d  e n t i r e l y  o f  

commerc ia l l y -pure  t i t a n i u m  f o r  improved c o r r o s i o n  r e s i s t a n c e .  

The evapora tor  tower c o n s i s t s  o f  f o u r  stages o f  de-en t ra inment :  1) a s imp le  chevron 

b a f f l e  a t  t h e  bottom, 2 )  and 3 )  two s tages  o f  d r y  impingement caps i n  t h e  center ,  and 4 )  a 

remote l y  r e p l a c e a b l e  m i s t  e l i m i n a t o r  a t  t h e  top. A t  t h e  maximum des ign  b o i l u p  r a t e  

(500 L /h ) ,  t h e  impingement v e l o c i t i e s  o f  s tages  1, 2, and 3 are 11, 16, and 26 m/sec (36, 

5 1  and 85 f t / s e c ) ,  which i s  s u f f i c i e n t  f o r  n e a r l y  100% removal o f  aeroso ls  o f  25, 7, and 

4 P ,  r e s p e c t i v e l y .  

A c i d  F r a c t i o n a t o r  (TK- 115) 

The a l l - t i t a n i u m  a c i d  f r a c t i o n a t o r  c o n s i s t s  o f  a packed-tower d i s t i l l a t i o n  column s u r -  

mount ing  a s tandard  r e b o i l  t ank .  The top  and bo t tom sphero id  heads are  p a r t i a l l y  r e i n -  

f o r c e d  w i t h  an e x t r a  t h i c k n e s s  o f  t i t a n i u m  p l a t e  f o r  added s t reng th ,  s i m i l a r  t o  those i n  

t h e  evapora to r .  Spec ia l  f e a t u r e s  o f  t h e  f r a c t i o n a t o r  i n c l u d e  a remote l y  r e p l a c e a b l e  tube  

bund le  i n  t h e  r e b o i l e r ,  a d e - e n t r a i n i n g  s i e v e  p l a t e  w i t h  by-pass p r o v i s i o n s  i n  t h e  tower,  

and an i n t e g r a l  r e f l u x  condenser. 

The r e c t i f y i n g  s e c t i o n  o f  t h e  f r a c t i o n a t o r  tower  i s  packed w i t h  2 .5 -cm-( l - in . - )  d i a  

t i t a n i u m  Raschig r i n g s .  The exhaus t ing  s e c t i o n  i n c l u d e s  a s i m i l a r l y  packed s e c t i o n  su r -  

mounted by a d e - e n t r a i n i n g  s i e v e  p l a t e  and an i n t e g r a l  r e f l u x  condenser. The f r a c t i o n a t o r  

i s  designed f o r  a l i q u i d  f e e d  o f  up t o  0.8M HN03, an overhead f r a c t i o n  o f  0.014 HN03, 

and a concen t ra te  up t o  l O y ?  HN03. 

Process-Of f  -Gas Scrubber (TK- 118) 

The process o f f - g a s  (POG) scrubber  i s  a 1300 L tank  surmounted by a packed scrubb ing  

tower. A r e c i r c u l a t i n g  pump r e c y c l e s  t h e  l i q u i d  sc rub  s o l u t i o n  t o  t h e  top  o f  t h e  tower a t  

r a t e s  o f  up t o  40 L/min. Gas f l o w s  o f  up t o  11.8 m /min (416 scfm) a re  acceptab le .  Gas 

d ischarged f r o m  t h e  scrubber  leaves  B -Ce l l  and e n t e r s  t h e  324 B u i l d i n g  ven t  system th rough  

t h e  E-101 condenser, as shown i n  F i g u r e  3.8. 

3 

M isce l l aneous  S e r v i c e  Tanks 

Four s t a i n l e s s  s t e e l  s e r v i c e  tanks  a re  a v a i l a b l e ,  t h r e e  o f  which have been used. Each 

has a volume o f  about 1000 l i t e r s .  A l l  have a g i t a t o r s  o r  pumps, c o i l s ,  and j a c k e t s  and a r e  

f u 1 1 y i n s t  r umen t e d  . 
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3.3.7 Waste C a l c i n a t i o n  and V i t r i f i c a t i o n  

A f t e r  ad jus tment  o f  t h e  chemica l  compos i t i on  and concen t ra t i on ,  t h e  HLLW i s  pumped t o  

t h e  spray  c a l c i n e r / i n - c a n  m e l t e r ,  shown s c h e m a t i c a l l y  i n  F i g u r e  3.9, f o r  conve rs ion  t o  

g lass .  A photograph o f  t h e  spray  c a l c i n e r / i n - c a n  m e l t e r ,  i n s t a l l e d  i n  B -Ce l l  d u r i n g  a 

p r i o r  program, i s  shown i n  F i g u r e  3.10. Th is  system was m o d i f i e d  f o r  use d u r i n g  t h e  NWVP 

by r e p l a c i n g  t h e  M e t a l l i c  Me ta l  Furnace w i t h  a connec t ing  p ipe ,  as shown i n  F i g u r e  3.9 and 

l a t e r  i n  F i g u r e  4.3. I n  s i m p l e s t  terms, t h e  spray  c a l c i n e r  i s  a v e r t i c a l l y  mounted cham- 

ber,  35.6-cm i n  d iameter  by  197.5 cm h i g h  (14 i n .  i n  d iameter  by  77.8 i n .  h i g h )  t h a t  i s  

f a b r i c a t e d  f r o m  310 s t a i n l e s s  s t e e l ,  chosen because o f  i t s  e x c e l l e n t  r e s i s t a n c e  t o  c o r r o -  

s i o n  a t  h i g h  tempera tures .  The spray-chamber w a l l s  a re  heated  t o  about 75OoC b y  a s u r -  

round ing  3-zone, 45 kW r e s i s t a n c e  fu rnace .  The r a t e  o f  f e e d - s o l u t i o n  f l o w  t o  t h e  spray  

c a l c i n e r  i s  c o n t r o l l e d  by a pneumatic c o n t r o l  v a l v e  coup led  t o  a magnet ic f l o w  meter .  

Compressed a i r  i s  used i n  a mod i f i ed ,  commerc ia l l y -ava i l ab le ,  i n t e r n a l - m i x  spray  nozz le  t o  

a tomize  t h e  feed  s o l u t i o n  as i t  e n t e r s  t h e  t o p  o f  t h e  spray  chamber. 

- 

As t h e  a tomized waste s o l u t i o n  f a l l s  t h rough  t h e  chamber, heat  i s  t r a n s f e r r e d  t o  i t  

f r o m  t h e  w a l l s  by r a d i a t i v e  and c o n v e c t i v e  means. The waste i s  concent ra ted ,  d r i e d ,  and 

o x i d i z e d  t o  a c a l c i n e  p r o d u c t  o f  t y p i c a l l y  l e s s  t h a n  0.5% m o i s t u r e  and 1% n i t r a t e  as i t  
drops th rough  t h e  chamber. A b u i l d u p  o f  s o l i d s  on t h e  chamber w a l l  i s  p revented  by p e r i o -  

d i c  use o f  a wall-mounted, a i r - o p e r a t e d  v i b r a t o r .  Porous s t a i n l e s s - s t e e l  f i l t e r s  a re  used 

t o  remove s o l i d  p a r t i c l e s  f r o m  t h e  o f f  gases l e a v i n g  t h e  s p r a y - c a l c i n e r  chamber. The o f f -  

gas f i l t e r  u n i t  c o n t a i n s  s i x t e e n  5.1-cm-OD x 91-cm-long ( 2 - i n .  OD x 36 - in . - l ong )  f i l t e r s  

w i t h  a nominal  pore  s i z e  o f  65 p. The c a l c i n e r  i s  opera ted  a t  a nominal  p ressu re  o f  -12 t o  

-25 cm ( - 5  t o  -10 i n . )  o f  water .  

G lass- fo rming  m a t e r i a l ,  c a l l e d  f r i t ,  i s  metered i n t o  t h e  lower  cone o f  t h e  spray  c a l -  

c i n e r  a t  a r a t e  p r o p o r t i o n a l  t o  t h e  r a t e  o f  c a l c i n e  p r o d u c t i o n .  The f r i t  f a l l s  w i t h  t h e  

c a l c i n e  i n t o  t h e  r e c e i v i n g  c a n i s t e r  below t h e  c a l c i n e r ,  where t h e  m i x t u r e  i s  me l ted  and 

then  c o o l e d  t o  fo rm t h e  f i n a l  waste-glass p roduc t .  The in -can  m e l t e r  uses t h e  f i n a l  s t o r -  

age c a n i s t e r  as t h e  m e l t i n g  c r u c i b l e  t o  v i t r i f y  t h e  m i x t u r e  o f  c a l c i n e  and f r i t .  The can- 

i s t e r s  a re  c o n s t r u c t e d  o f  Schedule 40, 304L s t a i n l e s s - s t e e l  p ipe .  D e t a i l s  o f  t h e  c a n i s t e r  

a re  shown i n  F i g u r e  3.11. The m e l t e r  f u rnace  i s  a s i x -zone  r e s i s t a n c e  type,  Each zone i s  

35.6 cm (14 i n . )  h i g h  and d e l i v e r s  15 kW o f  power. The fu rnace  opera tes  a t  1O5O0C. 

The quench scrubber  (TK-111) serves as t h e  p r i m a r y  o f f - g a s  scrubber  f o r  t h e  spray  c a l -  

c i n e r .  T h i s  vesse l  (shown i n  F i g u r e  3.8) i s  a 25.4-cm- ( 1 0 - i n . - )  d i a  Schedule 20 p i p e  

tower ,  f a b r i c a t e d  f r o m  304L s t a i n l e s s  s t e e l ,  and packed w i t h  2.5-cm ( 1 - i n . )  p a l l  r i n g s  o f  

t h e  sdme m a t e r i a l .  Two l i q u i d  d i s t r i b u t i o n  we i r s ,  one near t h e  t o p  and a second a t  t h e  

m i d s e c t i o n  o f  t h e  tower,  serve  t o  c o l l e c t  and r e d i s t r i b u t e  scrub  s o l u t i o n  and condensate t o  

t h e  packing. Condensate f r o m  t h e  f r a c t i o n a t o r  d i s t i l l a t e  r e c e i v e r  (TK-116) i s  pumped t o  

t h e  top  we i r  and scrubs  t h e  r i s i n g  gas stream as i t  f a l l s  t h rough  t h e  tower.  The scrub  

s o l u t i o n  p l u s  t h e  s p r a y - c a l c i n e r  condensate f rom t h e  quench s e c t i o n  o f  t h e  tower a re  c o l -  

l e c t e d  i n  a tank a t  t h e  base o f  t h e  tower and r e c y c l e d  by a pump t o  e i t h e r  t h e  top  o r  t h e  

bo t tom o f  t he  tower, depending on o p e r a t i n g  needs. Th is  r e c y c l e d  l i q u i d  i s  coo led  by 
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FIGURE 3.10. Photograph o f  the Spray Calciner/In-Can Melter 
Installed in 324 B-Cell 
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pass ing  i t  th rough  a water -coo led  hea t  exchanger. A c o n s t a n t  l i q u i d  l e v e l  i s  ma in ta ined  i n  

t h e  c o l l e c t i o n  tank  by  an o v e r f l o w  w e i r  d r a i n i n g  t o  TK-113. 

A s team- je t  assembly, l o c a t e d  downstream f r o m  t h e  quench scrubber,  m a i n t a i n s  t h e  spray  

c a l c i n e r / i n - c a n  m e l t e r  system a t  t h e  p r e s c r i b e d  n e g a t i v e  pressure .  A condenser on t h e  j e t  

d i scha rge  l i n e  c o o l s  t h e  gas and condenses t h e  steam b e f o r e  i t s  e n t r y  i n t o  TK-113. The 

o t h e r  vesse ls  used t o  decontaminate t h e  o f f  gas f r o m  t h e  c a l c i n a t i o n - v i t r i f i c a t i o n  process, 

TK-113, TK-115, and TK-118, were desc r ibed  i n  Sec t i on  3.3.6. 

3.3.8 324 B u i l d i n g  V e n t i l a t i o n  System 

The p a r t s  o f  t he  324 B u i l d i n g  v e n t i l a t i o n  system used i n  t h e  NWVP were p r e v i o u s l y  

shown i n  F i g u r e  3.8. O f f  gas t r a n s f e r r e d  f r o m  325-A B u i l d i n g  th rough  t h e  p i p e l i n e  i s  d i s -  

charged i n t o  t h e  324 B u i l d i n g  p i p e  t r e n c h  ( d e s c r i b e d  l a t e r  i n  Sec t i on  3.5), f r o m  which i t  

e n t e r s  t h e  B -Ce l l  v e n t i l a t i o n  system and then, a f t e r  HEPA f i l t r a t i o n ,  t h e  b u i l d i n g  v e n t i l a -  

t i o n  system ( a s  shown i n  F i g u r e  3.8). The B-Ce l l  p rocess  o f f  gas e n t e r s  t h e  b u i l d i n g  sys-  

tem th rough  condenser E-101. 

3.4 325-A BUILDING FACILITY 

I n t e g r a t i o n  o f  t h e  325-A B u i l d i n g  f a c i l i t y  i n t o  t h e  NWVP was shown i n  F i g u r e  3.1. The 
p h y s i c a l  l o c a t i o n  o f  t h e  major  s t r u c t u r a l  components w i t h i n  t h e  b u i l d i n g  was shown i n  

F i g u r e  3.3. D isso lved  f u e l  f r o m  t h e  324 B u i l d i n g  i s  vacuum- t rans fer red  th rough  t h e  i n t e r -  

b u i l d i n g  p i p e l i n e  t o  t h e  325-A B u i l d i n g ,  where t h e  uran ium and p l u t o n i u m  a re  separa ted  f r o m  

t h e  f i s s i o n  p roduc ts  by  s o l v e n t  e x t r a c t i o n .  The HLLW, c o n t a i n i n g  most o f  t h e  f i s s i o n  p r o -  

ducts,  i s  vacuum- t rans fer red  back t o  t h e  324 B u i l d i n g  f o r  v i t r i f i c a t i o n .  The uran ium and 

p l u t o n i u m  a re  then  processed th rough  a c y c l e  o f  i o n  exchange, d u r i n g  which t h e  p l u t o n i u m  i s  

p a r t i t i o n e d  f r o m  t h e  uran ium and f u r t h e r  decontaminated f r o m  f i s s i o n  p roduc ts .  F i n a l l y ,  i f  

needed, t h e  p l u t o n i u m  i s  processed th rough  a second c y c l e  o f  i o n  exchange f o r  a d d i t i o n a l  

decontaminat ion ;  i t  i s  t h e n  c a l c i n e d  t o  ox ide .  The uran ium and f i s s i o n - p r o d u c t  waste 

s t ream f r o m  t h e  ion-exchange c y c l e s  i s  accumulated and d isposed o f  as an i n t e r m e d i a t e  l e v e l  

waste ( ILW). A back-up d i s s o l v e r  system i s  p r o v i d e d  i n  t h e  325-A B u i l d i n g  f o r  use i n  t h e  

even t  o f  a m a l f u n c t i o n  i n  t h e  324 B u i l d i n g  d i s s o l v e r  o r  i n  t h e  i n t e r b u i l d i n g  p i p e l i n e .  

The ma jo r  p r o c e s s i n g  components o f  t h e  325-A B u i l d i n g  f a c i l i t y ,  t h e r e f o r e ,  i n c l u d e :  a 

back-up d i s s o l v e r  system, a s o l v e n t  e x t r a c t i o n  system, two ion-exchange systems ( 1x1 and 

I X 2 ) ,  t h e  p l u t o n i u m  c a l c i n e r ,  and an o f f - g a s  t rea tmen t  system. Two impor tan t  s u p p o r t i n g  

systems are  t h e  ILW system and t h e  process  c o n t r o l  i n s t r u m e n t a t i o n .  The p rocess ing  equ ip -  

ment i s  con ta ined  i n  two h o t  c e l l s  (A- and C-Ce l ls )  and i n  two l i g h t l y - s h i e l d e d  g l o v e  

boxes. L i q u i d  s t o r a g e  t a n k s  a re  l o c a t e d  below t h e  c e l l s  and i n  an a u x i l i a r y  v a u l t .  Chemi- 

c a l s  a re  added t o  t h e  p rocess ing  equipment f r o m  an aqueous make-up area (AMU) ad jacen t  t o  

t h e  c e l l s  and above t h e  change rooms. These systems a re  b r i e f l y  desc r ibed  i n  t h e  f o l l o w i n g  

s e c t  ions .  

3.4.1 Back-up D i s s o l v e r s  

Dur ing  t h e  des ign  s tages  o f  t h e  p r o j e c t ,  it was no ted  t h a t  any prob lem i n  t h e  324 

B u i l d i n g  d i s s o l v e r  o r  i n  t h e  i n t e r b u i l d i n g  p i p e l i n e  would g r e a t l y  de lay  t h e  comp le t i on  da te  
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o f  t h e  p r o j e c t .  A back-up d i s s o l v e r  system t h a t  c o u l d  d i s s o l v e  chopped f u e l  has been, 

t h e r e f o r e ,  i n s t a l l e d  i n  C-Cel l  o f  t h e  325-A B u i l d i n g .  I f  t h e  f u e l  cannot  be  d i s s o l v e d  i n  

t h e  324 B u i l d i n g ,  i t  can be chopped and then  t r a n s f e r r e d  by cask t o  t h e  325-A B u i l d i n g  f o r  

d i s s o l u t i o n  and process ing .  The back-up d i s s o l v e r  system c o n s i s t s  o f  two 60-L steam-heated 

tanks  i n t o  which baske ts  o f  chopped f u e l  can be  p laced.  A f t e r  t h e  f u e l  i s  d i sso l ved ,  t h e  

baske t  i s  removed and p laced  i n  t h e  h u l l s  r i n s e  tank  t o  remove any adher ing  d i s s o l v e r  s o l u -  

t i o n .  I f  t h e  d i s s o l v e r s  a re  opera ted  on a con t inuous  bas i s ,  app rox ima te l y  50 kg o f  u ran ium 
can b e  d i s s o l v e d  per  day. The o f f  gas f r o m  each o f  t h e  d i s s o l v e r s  passes th rough  a con- 

denser and t h e n  i n t o  t h e  C-Cel l  o f f - g a s  t rea tmen t  system (desc r ibed  l a t e r  i n  Sec t i on  

3.4.5). The back-up d i s s o l v e r s ;  process o f f - g a s  scrubber,  HEPA f i l t e r ,  and s i l v e r  z e o l i t e  

bed; and m isce l l aneous  tanks, va l ves  and t r a n s f e r  j e t s  a r e  shown i n  F i g u r e  3.12. 

3.4.2 So lven t  E x t r a c t i o n  System 

A f t e r  t h e  d i s s o l v e r  s o l u t i o n  i s  t r a n s f e r r e d  t o  t h e  325-A B u i l d i n g ,  it i s  sampled f o r  

Spec ia l  Nuclear M a t e r i a l s  (SNM) a c c o u n t a b i l i t y  and ad jus ted  t o  a n i t r i c - a c i d  c o n c e n t r a t i o n  

o f  2.5lj. T h i s  s o l u t i o n  i s  t hen  f e d  t o  t h e  s o l v e n t - e x t r a c t i o n  system, where t h e  uranium and 

p l u t o n i u m  are  separa ted  from t h e  f i s s i o n  p roduc ts  i n  a s tandard  Purex-type, co-decontamina- 

t i o n ,  pu l se  column b a t t e r y .  The s o l v e n t - e x t r a c t i o n  system c o n s i s t s  o f :  1) an e x t r a c t i o n  

column (HA), i n  wh ich  t h e  uran ium and p l u t o n i u m  are  c o - e x t r a c t e d  i n t o  t h e  so l ven t ;  2 )  two 

scrub  columns (HS1, HS2) f o r  sc rubb ing  c a r r i e d - o v e r  f i s s i o n  p roduc ts  back f r o m  t h e  so l ven t ,  

3 )  a s t r i p p i n g  column (HC), i n  wh ich  t h e  uran ium and p l u t o n i u m  a re  s t r i p p e d  f rom t h e  s o l -  

ven t  back i n t o  an aqueous phase, 4 )  a U-Pu (HCP) concen t ra to r ,  where t h e  volume o f  s o l u t i o n  

i s  reduced and t h e  HN03 c o n c e n t r a t i o n  i s  i nc reased  t o  7 . 5 1  f o r  ion-exchange process ing ,  

and 5)  a s o l v e n t  c l e a n i n g  system, i n  wh ich  t h e  s o l v e n t  i s  washed and f i l t e r e d  b e f o r e  i t  i s  
r e c y c l e d  t o  t h e  e x t r a c t i o n  column. The f o u r  s o l v e n t  e x t r a c t i o n  columns 

t r a t o r  a re  p i c t u r e d  i n  F i g u r e  3.13. The des ign  c r i t e r i a  o f  t h e  pu lse  

r i z e d  i n  Table 3.1. The s o l v e n t  used i s  30 vo l% t r i - b u t y l  phosphate 

p a r a f f i n  hydrocarbon d i l u e n t .  The system i s  designed t o  p rocess  50 kg 

th roughpu ts  r a n g i n g  up t o  60 kg Ulday. The HLW e x i t i n g  t h e  HA column 

sampled f o r  a c c o u n t a b i l i t y  b e f o r e  t r a n s f e r  t o  t h e  324 B u i l d i n g .  

and t h e  HCP concen- 

columns a re  summa- 

(TBP) i n  a normal 

Ulday, w i t h  a c t u a l  

i s  accumulated and 

The s o l v e n t - e x t r a c t i o n  system i s  opera ted  on a c o n t i n u o u s - f l o w  bas is ,  t h e  feed-  

s o l u t i o n  (HAF) f l o w  and a l l  i n t e r c o l u m n  f l ows ,  except  t h e  s o l v e n t  added t o  t h e  HA column, 

a re  m o t i v a t e d  and c o n t r o l l e d  by c a l i b r a t e d  a i r  l i f t s  and g r a v i t y  ove r f l ow .  Co ld  chemical  

a d d i t i o n s  f r o m  t h e  AMU a re  metered by  p o s i t i v e  d isp lacement  pumps o r  b y  f lowmeter  and 

c o n t r o l - v a l v e  systems. The s o l v e n t  added t o  t h e  HA column i s  pumped th rough  a f lowmeter  

and a c o n t r o l  va lve .  Aqueous-organic i n t e r f a c e s  a re  sensed w i t h  f l o a t s  and are  au tomat i -  

tally c o n t r o l l e d  by adjustments t o  t h e  aqueous f l o w  r a t e s  f r o m  t h e  columns. A i r  p u l s e r s  

a re  used i n  a l l  f o u r  columns, w i t h  pu l se  amp l i t ude  ad jus tments  made by  v a r y i n g  t h e  p ressu re  

t o  t h e  pu lse rs .  Frequency can be c o n t r o l l e d  over  a range o f  0 t o  120 p u l s e s h i n  w i t h  an 

e l e c t r o n i c  pu l se  f requency  c o n t r o l l e r .  O v e r a l l  column d e n s i t y  i s  measured by  two indepen- 

dent methods: 1) bubb le r  tubes  ex tend ing  t o  t h e  bo t tom o f  t h e  columns, and 2) pressu re  

t ransducers  mounted on t h e  s i d e  o f  each column. Bubb ler  tubes  a re  used t o  measure t h e  

d e n s i t y  o f  t h e  o rgan ic  phase a t  t h e  top  o f  each column. The HC column i s  c o n s t r u c t e d  w i t h  

a water  j a c k e t  t o  a l l o w  f o r  o p e r a t i o n s  a t  50 t o  6OoC. 

\ 
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F I G U R E  3.12. C-Cell  Equipment Viewed Through t h e  C e l l  Window, 325-A B u i l d i n g  



FIGURE 3.13. S o l v e n t  E x t r a c t i o n  System Viewed Through t h e  
Nor th  Window of  A-Cel l ,  325-A B u i l d i n g  
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TABLE 3.1. Pu lse  Column Design C r i t e r i a  

H e i g h t  o f  P l a t e  P l a t e  H o l e  P l a t e  F r e e  P u l s e  Pu 1 se No. o f  

Co 1 umn D i a  (cm) S e c t i o n  (m) (cm) (nun) (%) (cm) (a )  ( c y / m i n ) ( a )  S tages  
I n t e r n a l  P l a t e  Spac ing  S i z e  A rea  A m p l i t u d e  - F requency  - T r a n s f e r  

E x t r a c t i o n  ( H A ) ( b T  4.52 3.66 5 . 1  3.18 23 3.1 75 4 
1 s t  Scrub (HSl)(b) 4.52 3.05 5.1 3.18 23 5.1 25 3 
2nd Sc rub  ( H S 2 ) ( b )  4.52 3.05 5.1 3.18 23 5.1 25 2 
S t r i p  ( H C ) ( ~ )  7.06 3.66 5.1 3.18 23 3.1 60 3 

( a )  A m p l i t u d e  and f r e q u e n c y  a r e  v a r i a b l e  o v e r  a v e r y  l a r g e  range .  
(b) C o n t i n u o u s  phase - o r g a n i c .  
( c )  C o n t i n u o u s  phase - aqueous. 

The d i l u t e  p r o d u c t  stream f r o m  t h e  HC column (HCP) i s  p repared f o r  t h e  ion-exchange 

p a r t i t i o n i n g  system b y  c o n c e n t r a t i n g  t h e  s o l u t i o n  t o  7.5M HN03 i n  t h e  HCP c o n c e n t r a t o r .  

The c o n c e n t r a t o r ,  f a b r i c a t e d  f r o m  t i t a n i u m ,  was o r i g i n a l l y  designed w i t h  a c o u n t e r - c u r r e n t -  

f l o w  s t r i p p i n g  tower t o  remove d i s s o l v e d  s o l v e n t  f r o m  t h e  HCP. However, because o f  

r e s t r i c t i v e  d i s t r i b u t o r  p l a t e s  w i t h i n  t h e  tower, f l o o d i n g  o c c u r r e d  w e l l  below design f l o w -  

r a t e s .  The f e e d  t o  t h e  c o n c e n t r a t o r  was, t h e r e f o r e ,  added d i r e c t l y  t o  t h e  r e b o i l e r  s e c t i o n  
(as  shown l a t e r  i n  F i g u r e  4.7) and t h e  s t r i p p i n g  o p t i o n  was abandoned. Steam s t r i p p i n g  o f  

t h e  s o l v e n t  i s  s t i l l  p o s s i b l e  a t  f l o w  r a t e s  up t o  50% o f  d e s i g n  f l o w  r a t e s ,  b u t  has n o t  

been a t t e m p t e d  d u r i n g  t h e  p r o j e c t .  The p r o d u c t  accumulated f r o m  t h e  c o n c e n t r a t o r  i s  
sampled f o r  SNM a c c o u n t a b i l i t y  b e f o r e  b e i n g  f e d  t o  t h e  ion-exchange p a r t i t i o n i n g  system. 

S o l v e n t  i s  c o n t i n u a l l y  r e c y c l e d  t h r o u g h  t h e  system a f t e r  t h e  degradat ion  p r o d u c t s  a r e  

washed f r o m  i t  i n  t h e  HO c o n t a c t o r .  T h i s  c o n t a c t o r ,  shown i n  F i g u r e  3.14, i s  a c o n t i n u o u s  

f l o w  t u r b o - m i x e r  i n  wh ich  t h e  s o l v e n t  i s  contac- ted w i t h  sodium carbonate .  The c leaned sol-  
v e n t  o v e r f l o w s  t h e  t u r b o - m i x e r  and i s  then pumped t h r o u g h  a 25 p f i l t e r  back t o  t h e  e x t r a c -  

t i o n  column, w i t h  no f u r t h e r  t r e a t m e n t .  

3.4.3 I o n  Exchange Systems 

The an ion  exchange u t i l i z e s  t h r e e  o p e r a t i n g  c y c l e s  f o r  each b a t c h  o f  f e e d  s o l u t i o n  

processed: 

1. Feed C y c l e  - P u I V  i s  absorbed b y  t h e  r e s i n  f r o m  t h e  7.5M HN03 f e e d  s o l u t i o n  

pumped t h r o u g h  t h e  r e s i n  bed. 

Absorbed Pur' i s  decontaminated f r o m  uran ium and f i s s i o n  p r o d u c t s  

when 7.5M HN03 i s  pumped t h r o u g h  t h e  r e s i n  bed. 

2. Scrub C y c l e  - 

Produc t  

E l u t i o n  C y c l e  - P u I V  i s  removed f r o m  t h e  r e s i n  when 0.5M HN03 i s  pumped t h r o u g h  t h e  
3- ___ 

bed. 

Each system, 1x1 i n s t a l l e d  i n  A-Cel l  and 1x2 i n s t a l l e d  i n  a s h i e l d e d  g l o v e  box, i n c l u d e s  

two r e s i n  columns, as w e l l  as f e e d  tanks ,  waste tanks ,  p r o d u c t  tanks ,  pumps, c o n t r o l  

va lves,  and process c o n t r o l  i n s t r u m e n t s .  The 1x1 system i s  p i c t u r e d  i n  F i g u r e  3.14. The 

s h i e l d e d  g l o v e  box, c o n t a i n i n g  t h e  1x2 system i s  shown i n  F i g u r e  3.15. I n  each system, t h e  

p r i m a r y  column i s  s i z e d  t o  c o n t a i n  450 g p l u t o n i u m  p e r  batch,  a p p r o x i m a t e l y  t h e  amount o f  

I 
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p l u t o n i u m  con ta ined  i n  50 kg o f , d i s s o l v e d  f u e l .  The second column i s  used as a backup, o r  

t a i l i n g  column. The r e s i n  columns are  wa te r - j acke ted  f o r  o p e r a t i o n  a t  60°C, b u t  i n  oper -  

a t i o n  o n l y  t h e  p r i m a r y  column i s  heated. Each r e s i n  column i n  t h e  1x1 system i s  10.2-cm 

( 4 - i n . )  I D  and c o n t a i n s  10.5 L o f  Dowex@ 1, X-4 (50-100 mesh) r e s i n .  The 1x2 columns have 

t h e  same d iameter  and c o n t a i n  8.0 L o f  t h e  same r e s i n .  

The s o l u t i o n s  e x i t i n g  t h e  columns d u r i n g  t h e  feed  and scrub  cyc les  a re  sampled and 

ana lyzed f o r  p lu ton ium,  then are  reworked o r  d i sca rded  as ILW. The p l u t o n i u m  by -p roduc t  

stream i s  t r a n s f e r r e d  f r o m  t h e  1x1 system t o  t h e  1x2 system o r  d i r e c t l y  t o  t h e  p l u t o n i u m  

c a l c i n e r .  A p l u t o n i u m  c o n c e n t r a t o r  i s  a v a i l a b l e  t o  reduce t h e  volume o f  f eed  t o  t h e  

c a l c i n e r ,  i f  necessary.  

3.4.4 P lu ton ium C a l c i n e r  

The p l u t o n i u m - n i t r a t e  p r o d u c t  f r o m  t h e  ion-exchange system i s  d i r e c t l y  c a l c i n e d  t o  

ox ide  i n  a con t inuous - feed  screw c a l c i n e r  i n s t a l l e d  i n  t h e  s h i e l d e d  g l o v e  box shown i n  

F i g u r e  3.15. The screw, t rough,  and cover  p l a t e  a re  f a b r i c a t e d  f r o m  t i t a n t i u m  f o r  min ima l  

c o r r o s i o n .  The u n i t  i s  designed t o  ope ra te  a t  450 t o  55OoC, w i t h  a feed  f l o w r a t e  o f  40 

t o  50 ml /min  (1.5 g Pu/min). The 5.1-cm- (Z - in . - )  d i a  t rough  i s  122 cm (48  i n . )  long .  The 

tempera ture  i s  mon i to red  by s i x  thermocouples b o l t e d  t o  t h e  bo t tom o f  t h e  t r o u g h  and spaced 

a t  f i x e d  d i s tances ,  r a n g i n g  f r o m  15 t o  25 cm ( 6  t o  10 i n . )  a p a r t .  The p l u t o n i u m - n i t r a t e  

n i t r i c - a c i d  s t ream i s  f e d  d i r e c t l y  t o  t h e  t r o u g h  a t  t h e  head end o f  t h e  c a l c i n e r  and then  

f o r c e d  down t h e  t rough  by t h e  screw. The u n i t  i s  heated  by two banks o f  r e s i s t a n c e  

heaters .  These hea te rs  a re  a u t o m a t i c a l l y  c o n t r o l l e d  a t  a s e l e c t e d  tempera ture  f o r  t h e  p ro -  

duct end. A i r  i s  p u l l e d  c o u n t e r c u r r e n t l y  t o  t h e  p l u t o n i u m  f l o w  t o  a i d  i n  c a l c i n a t i o n  and 
t o  e n t r a i n  t h e  mo is tu re ,  NO,, and C02 t h a t  a re  d r i v e n  o f f  d u r i n g  t h e  process. The o f f -  

gas stream i s  p u l l e d  th rough  a s i n t e r e d  me ta l  f i l t e r ,  a condenser, and a c a u s t i c  sc rub  p o t  

b e f o r e  i t  e n t e r s  t h e  normal g love-box  vacuum system. The o x i d e  p r o d u c t  l e a v i n g  t h e  c a l -  

c i n e r  i s  c o l l e c t e d  i n  a s t a i n l e s s  s t e e l  c o n t a i n e r ,  coo led ,  weighed, and then  s t o r e d  i n  

s l i p - l i d  me ta l  cans w i t h  t h e  l i d  taped i n  p lace .  Accumulated ba tches  o f  app rox ima te l y  

2.5 kg are  homogenized i n  a V -she l l  b lender ,  sampled f o r  chemical  analyses, reweighed, t h e n  
s t o r e d  i n  tape -sea led  cans acco rd ing  t o  p lu ton ium-hand l i ng  g u i d e l i n e s .  T h i s  p r o d u c t  f r o m  

t h e  c a l c i n e r  r e p r e s e n t s  t h e  f i n a l  SNM a c c o u n t a b i l i t y  p o i n t  i n  t h e  process. 

3.4.5 O f f -gas  System 

The o f f - g a s  system f o r  t h e  325-A B u i l d i n g  p r o v i d e s  i n i t i a l  p rocess ing  o f  t h e  vesse l  

o f f  gases and t h e  d i s s o l v e r  o f f  gas when t h e  backup d i s s o l v e r s  a re  i n  use. The gases e x i t -  

i n g  t h e  325 B u i l d i n g  system a re  p u l l e d  t o  t h e  324 B u i l d i n g  f o r  f u r t h e r  p rocess ing  b e f o r e  

t h e y  a re  r e l e a s e d  o u t  t h e  s tack .  The major  c o n s t i t u e n t  o f  t h e  vesse l  o f f  gas i n  t h e  325-A 
B u i l d i n g  i s  a i r  used i n  sparg ing ,  a i r l i f t i n g ,  and p u r g i n g  of t h e  steam j e t s .  The system i s  
des igned t o  p rocess  0.71 m 3 /min. (25 scfm) o f  vesse l  o f f  gas. 

The f u n c t i o n s  o f  t h e  system a re  to :  1) reduce t h e  t r i t i a t e d  water  c o n t e n t  t o  a p o i n t  

where no more than  15 C i  o f  t r i t i u m  pe r  week are  r e l e a s e d  t o  t h e  324 B u i l d i n g  system, 2 )  

remove r a d i o - i o d i n e ,  and 3 )  remove p a r t i c u l a t e s .  The equipment used f o r  these f u n c t i o n s  

@ R e g i s t e r e d  t r a d e  name - Dow Chemical Co., Midland, M I .  
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are a packed-tower water scrubber fo r  t r i t i u m  removal, a s i l v e r  z e o l i t e  bed f o r  iodine 
removal, and a high-efficiency pa r t i cu la t e  hair ( H E P A )  f i l t e r  f o r  removal of pa r t i cu la t e s .  
(This equipment i s  pictured in Figure 3.12.) 

A vacuum i s  applied t o  the  system by an a i r  j e t  in 324 Building, the  off gas i s  pulled 
through an annulus in the in te rbui ld ing  p ipe l ine  and released in to  6-Cell in t h e  324 Build- 
ing, where i t  i s  subsequently processed through the  324 Building ven t i l a t ion  system. 

The majority of the  t r i t i um and iodine are evolved during d isso lu t ion ;  thus,  t he  
325-A Building off-gas system i s  designed under the  assumption t h a t  the  back-up d isso lvers  
in C-Cell w i l l  be in use. Therefore, during normal operation, where the  d isso lu t ion  i s  
accomplished in the  324 Building, the off gas from the 325-A Building t h a t  i s  drawn through 
the  p ipe l ine  contains minimal contamination. ' 

3.4.6 Intermediate-Level Waste System 

The uranium-bearing streams from the ion-exchange system, along with the  streams from 
the off-gas scrubber, t he  solvent-wash contac tor ,  and the  ca lc iner  off-gas condenser, a re  
accumulated continuously in TK-A10, then batch-transferred to T K - A l l .  The t ransfer red  
solution is sampled f o r  SNM accountabi l i ty ,  then discarded a s  ILW by one of two routes:  
1) d i r e c t  vacuum t r a n s f e r  t o  a 1900 L (500 ga l )  shielded t r a n s f e r  cask positioned in the  
Cask Transfer Hood ( C T H ) ,  or 2 )  j e t  t r ans fe r  to v a u l t  tank PT-2,  followed by vacuum t rans-  
f e r  a t  a l a t e r  time to  a 1900 L (500 g a l )  cask in the  CTH. Two ident ica l  casks are used in 
ro t a t ion  to t r ans fe r  a l l  ILW by truck from the 325-A Building t o  t h e  200 East Area f o r  d i s -  
posal by Rockwell Hanford Operations. 

3.4.7 Process Instrumentation 

There a re  two major ca tegor ies  of instrumentation associated with the  waste prepara- 
1) process monitoring and cont ro l ,  and 2 )  ana ly t ica l  measurements. t i on  f a c i l i t y :  

Process Monitoring and Control Instrumentation 

The major functions of the  process monitoring and cont ro l  system are  t o  record and 
control l i qu id  flows, leve ls  and dens i t i e s ;  temperatures; and pressures;  a s  well as t o  pro- 
vide an h i s t o r i c a l  data bank of these parameters. 

Most i n -ce l l  batches of solution are t ransfer red  by steam j e t s ,  actuated a t  t he  con- 
t r o l  panels. Programnable con t ro l l e r s  are used on each jet-gang valve system to  cycle the  
solenoid valves between steam, a i r  purge, and vent during and a f t e r  each t r ans fe r .  

Continuous process flows within the  c e l l s  a re  cont ro l led  by a i r  l i f t s  or air-driven 
pumps. The air-flow r a t e  t o  each a i r  l i f t  i s  monitored with an e l ec t ron ic  rotameter and i s  
automatically cont ro l led  by an air-operated valve. Each a i r  l i f t  i s  ca l ibra ted  before i t  
i s  operated t o  determine liquid-flow r a t e  a s  a function of air-flow r a t e .  During opera- 
t i ons ,  tank drop-out r a t e s  a re  per iodica l ly  measured to check these  ca l ib ra t ions .  Two a i r -  
driven cent r i fuga l  pumps a re  used in the  c e l l s .  One i s  used t o  pump solvent t o  the  bottom 
o f  the ex t rac t ion  column and the  other to recycle solution to the  top of the  off-gas scrub- 
ber. Flow r a t e s  from b o t h  of these pumps are monitored with e l ec t ron ic  rotameters and are 

cont ro l led  by air-operated valves. 

30 



L e v e l  and d e n s i t y  a re  measured by  bubb le r  tubes  and d i f f e r e n t i a l  p ressu re  t ransduc -  

e rs .  Leve ls  and d e n s i t i e s  f o r  each tank are  reco rded  on s t r i p  c h a r t s  on t h e  c o n t r o l  pane ls  

and are  connected t o  an a u d i b l e  a la rm system t o  s i g n a l  when normal o p e r a t i n g  ranges are  

exceeded. 

Temperatures are  measured w i t h  r e s i s t a n c e  tempera ture  d e t e c t o r s  (RTDs) t h a t  can be  

remote l y  removed and rep laced,  i f  necessary.  Pressures are  measured i n  t h e  same manner as 

d e n s i t i e s ,  by  d i p  tubes  and d i f f e r e n t i a l  p ressu re  t ransducers .  

I n  a d d i t i o n  t o  t h e  s t r i p - c h a r t  records ,  reco rds  o f  a l l  p rocess  parameters a re  k e p t  i n  

t h e  da ta  a c q u i s i t i o n  system (DAS). Th is  computer system r e c o r d s  a l l  o f  t h e  process para-  

meters  eve ry  ten  seconds and s to res  t h e  i n f o r m a t i o n  on magnet ic  tape.  Any parameter t h a t  

i s  n o t  w i t h i n  p resen t  l i m i t s  w i l l  t r i g g e r  an a u d i b l e  and v i s i b l e  a la rm a t  t h e  a p p r o p r i a t e  

c o n t r o l  pane l .  A min i -computer  coup led  t o  t h e  system a l l o w s  many au tomat ic  r o u t i n e  ca l cu -  

l a t i o n s  and da ta  searches. 

A n a l y t i c a l  Measurements 

Most a n a l y t i c a l  measurements a re  made on process  samples by  t h e  HEDL a n a l y t i c a l  labo-  

r a t o r y ;  however, a f e w  analyses are  made i n  t h e  c e l l s  and g love  boxes. The in -process  

i n  strumen t a t  i on i nc 1 udes two h i g h  - reso  1 u t i  on g a m a  spec t rometers  , t h r e e  a 1 pha mon i t o r  s , and 

a h igh -accu racy  l oad  c e l l  f o r  we igh ing  t h e  c a l c i n e d  ox ide .  

The h i g h - r e s o l u t i o n  spec t rometers  a re  used t o  m o n i t o r  t h e  p l u t o n i u m  and gamma-emitt ing 

i m p u r i t i e s  i n  t h e  e f f l u e n t  and p r o d u c t  streams f r o m  t h e  two ion-exchange systems. 

Two o f  t h e  a lpha  m o n i t o r s  a re  used t o  measure t h e  p l u t o n i u m  c o n t e n t  i n  t h e  1x1 f e e d  

waste and scrub  waste s o l u t i o n s .  S ince  these s o l u t i o n s  a re  t r a n s f e r r e d  t o  tanks  t h a t  are 

no t  c r i t i c a l l y  s a f e  by geometry, t h e  m o n i t o r s  a re  c a l i b r a t e d  t o  s e t  o f f  an a la rm i f  more 

than  0.2 g/L o f  p l u t o n i u m  i s  p resen t .  The t h i r d  a lpha  mon i to r  was designed t o  i n d i c a t e  

h i g h  uranium o r  p l u t o n i u m  c o n c e n t r a t i o n s  i n  t h e  o rgan ic  stream l e a v i n g  t h e  s t r i p  column 

(HCW). However, e a r l y  i n  ope ra t i ons ,  t h a t  f l o w - t h r o u g h  m o n i t o r  was b locked  by  an O- r i ng  

t h a t  expanded because o f  a r e a c t i o n  w i t h  ' t h e  o rgan ic  s o l v e n t .  There fore ,  no i n f o r m a t i o n  
has ever  been ob ta ined  f r o m  t h i s  mon i to r .  

The h igh-accuracy  l oad  c e l l  i s  used as t h e  f i n a l  a c c o u n t a b i l i t y  p o i n t  f o r  p lu ton ium.  

3.5 I NTERBUILDI NG P I  PEL I NE 

A p l o t  p l a n  o f  t h e  324-325 B u i l d i n g  p i p e l i n e  i s  shown i n  F i g u r e  3.16. Dur ing  a con- 

s t r u c t i o n  p r o j e c t  s e v e r a l  y e a r s  b e f o r e  t h e  i n c e p t i o n  o f  NWVP, t h e  major  s t r a i g h t  s e c t i o n  o f  

t h e  l i n e ,  app rox ima te l y  198 m (650 ft), was p laced  underground b u t  n o t  connected on e i t h e r  

end. Th is  s e c t i o n  c o n s i s t e d  o f  a 2 - i n .  Schedule 40, 304L s t a i n l e s s - s t e e l ,  welded p ipe ,  

encased w i t h i n  a 4 - i n .  F i b e r g l a s - r e i n f o r c e d  epoxy p ipe .  Dur ing  NWVP c o n s t r u c t i o n ,  t h e  

o r i g i n a l  2 - i n .  l i n e  was t e s t e d  f o r  c r o s s - s e c t i o n a l  c l e a r a n c e  and t h e n  was g i v e n  a p r e s s u r e  

t e s t .  Two 304L s t a i n l e s s - s t e e l ,  a l l - w e l d e d  l i n e s ,  a 3 /8 - i n .  Schedule 40 p ipe ,  and a 

3 /4 - i n .  Schedule 40 p i p e  were assembled, t es ted ,  and drawn th rough  t h e  b u r i e d  2 - in .  l i n e .  

The system was then  extended i n t o  each b u i l d i n g ,  as shown i n  F i g u r e  3.17. The p i p e l i n e  

runs  a t  depths r a n g i n g  f r o m  1 t o  4 m ( 3  t o  12 f t )  underground. The r o u t e  o f  t h e  p i p e l i n e  

i s  marked a t  t h e  ground su r face  and i s  t o t a l l y  w i t h i n  t h e  e x c l u s i o n  area t o  
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preven t  a c c i d e n t a l  excava t ion  and t o  e l i m i n a t e  t h e  p o t e n t i a l  f o r  even a low exposure t o  

personne l  d u r i n g  t r a n s f e r  o f  r a d i o a c t i v e  s o l u t i o n s .  

The 3 /8 - in .  l i n e  connects t h e  d i s s o l v e r - s o l u t i o n  t r a n s f e r  head p a t  i n  B-Ce l l  o f  324 

B u i l d i n g  w i t h  a b lock  v a l v e  i n  C-Cel l  o f  325-A B u i l d i n g .  A p o l y e t h y l e n e  jumper, i n  C-Ce l l ,  

i s  used t o  connect  t h e  b l o c k  va l ve  w i t h  a l i n e  ex tend ing  t o  TK-W5 loca ted  i n  a v a u l t  below 

C-Ce l l .  Tank TK-W5 serves as a vacuum tank  f o r  r e c e i p t  o f  d i s s o l v e r  s o l u t i o n  f r o m  

324 B u i l d i n g .  The t r a n s f e r  o f  d i s s o l v e r  s o l u t i o n  th rough  t h e  3 /8 - in .  p i p e l i n e  i s  i n i t i a t e d  

by:  1 )  t u r n i n g  on t h e  a i r  l i f t  on t h e  l i n e  f r o m  TK-126 ( t h e  d i s s o l v e r  s o l u t i o n  s to rage  

t a n k )  t o  t h e  d i s s o l v e r  s o l u t i o n  t r a n s f e r  p o t ,  2 )  a p p l y i n g  vacuum t o  TK-W5, and 3)  opening 

t h e  b l o c k  va l ves  i n  C-Ce l l .  The vacuum a p p l i e d  t o  TK-W5 i s  c o n t r o l l e d  by use o f  an a i r -  

b l e e d  tank .  Constant communication between t h e  two b u i l d i n g s  i s  ma in ta ined  by te lephone 

d u r i n g  any t r a n s f e r .  A 25 L f l u s h  o f  2.5M - n i t r i c  ac id ,  app rox ima te l y  t h e  volume o f  t h e  3 /8  

i n .  p i p e l i n e ,  i s  drawn th rough  the  l i n e  a f t e r  each t r a n s f e r  o f  d i s s o l v e r  s o l u t i o n  t o  f r e e  

t h e  l i n e  f rom suspended s o l i d s  and concen t ra ted  u r a n y l  n i t r a t e .  

The 3 /4- in .  p i p e l i n e  connects TK-W4 i n  A-Vau l t  o f  325-A B u i l d i n g  w i t h  TK-106 i n  t h e  

324 B u i l d i n g  High-Level  Vau l t .  The s o l u t i o n  i s  t r a n s f e r r e d  by a steam j e t  i n  t h e  

324 B u i l d i n g  Pipe Trench. For NWVP purposes, t h i s  l i n e  i s  used t o  t r a n s f e r  HLLW f r o m  
325-A B u i l d i n g  t o  324 B u i l d i n g .  

The encasement su r round ing  t h e  two l i n e s  used f o r  s o l u t i o n  t r a n s f e r  has two func -  

t i o n s :  1 )  secondary conta inment  f o r  t h e  two sma l le r  l i n e s ,  and 2 )  a r o u t e  f o r  t r a n s f e r  o f  

t h e  process  o f f  gas f rom 325-A t o  324 B u i l d i n g  f o r  d i scha rge  f r o m  t h e  much h i g h e r  s tack .  A 

0.71 m3/min (25 scfm) a i r  j e t  i n  t h e  324 B u i l d i n g  B-Ce l l  P ipe  Trench t r a n s f e r s  t h e  o f f  

gas between b u i l d i n g s .  Exhaust gas f r o m  t h e  j e t  i s  d i scha rged  t o  t h e  p i p e  t rench,  where i t  

f l o w s  i n t o  B-Cel l  and i s  t r e a t e d  w i t h  t h e  B-Ce l l  v e n t i l a t i o n  exhaust.  A backup a i r  com- 

p resso r  ensures u n i n t e r r u p t e d  f l o w  o f  t h e  exhaust gas f r o m  325-A B u i l d i n g  (as  shown i n  

F i g u r e  3.17). The be ta-gama,  r a d i a t i o n - m o n i t o r i n g  system c o n t i n u o u s l y  m o n i t o r s  t h e  gas 

stream drawn th rough  t h e  i n t e r b u i l d i n g  p i p e l i n e  t o  d e t e c t  any leak i n  t h e  3 /8 - in .  o r  

3 /4 - i n .  l i n e s  ( a l s o  shown i n  F i g u r e  3.17). 
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4.0 OPERATIONS AND PERFORMANCE OF FACILITIES 

4.1 STAFFING 

4.1.1 Process E n g i n e e r i n g  

A m u l t i d i s c i p l i n a r y  Process Technology group was o rgan ized  a t  t h e  s t a r t  o f  conceptua l  

des ign  and ma in ta ined  u n t i l  t h e  end o f  t h e  p r o j e c t .  The l e v e l  o f  e f f o r t  v a r i e d  w i t h  t h e  

work load, b u t  i n c l u d e d  a dozen eng ineers  o r  s c i e n t i s t s  work ing  f u l l  t i m e  on t h e  p r o j e c t ,  

an a d d i t i o n a l  dozen work ing  o n l y  p a r t  t ime,  and f o u r  non-PNL eng ineers  who c o n s u l t e d  w i t h  

Process Technology when needed. The Process Technology s t a f f  were m o s t l y  s e n i o r  peop le  

w i t h  c o n s i d e r a b l e  exper ience i n  t h e i r  r e s p e c t i v e  s p e c i a l t i e s  and w i t h  t h e  t ypes  o f  f a c i l i -  

t i e s  t o  be  designed, c o n s t r u c t e d  and operated. I n  a d d i t i o n  t o  t h e i r  c o n t r i b u t i o n s  d u r i n g  

des ign  and c o n s t r u c t i o n ,  Process Technology p r o v i d e d  Opera t ions  w i t h  t e c h n i c a l  d i r e c t i o n s  

and approva ls  f o r  a l l  phases o f  c o l d  t e s t i n g  and f i n a l  h o t  ope ra t i ons .  

Process Technology p r o v i d e d  Opera t i ons  w i t h  d e t a i l e d  Run Books,(a) rev iewed and 

approved by p r o j e c t  management, t h a t  con ta ined  o p e r a t i o n a l  p rocedures  and s p e c i f i e d  process  

f l o w s h e e t  c o n d i t i o n s .  A u t h o r i t y  was g ran ted  t o  Process Technology t o  make f l owshee t  

changes w i t h i n  t h e  bounds o f  t h e  C r i t i c a l i t y  S a f e t y  S p e c i f i c a t i o n s ,  t h e  Process and Env i -  

ronmenta l  S p e c i f i c a t i o n s ,  and t o  g i v e  d e t a i l e d  t e c h n i c a l  d i r e c t i o n s  t o  Opera t i ons  f o r  day- 

to -day  o p e r a t i o n s  by a f o r m a l i z e d  Process Memo procedure.  Concurrence o f  Opera t ions  was 

r e q u i r e d  f o r  these changes. 

4.1.2 Process Opera t i ons  

S t a f f  Requirements 

Because o f  t h e  inc reased c o m p l e x i t y  and p r o d u c t i o n  n a t u r e  o f  t h e  NWVP, compared w i t h  

p r e v i o u s  work conducted i n  t h e  same b u i l d i n g s ,  i t  became necessary t o  r e c r u i t  and t r a i n  a 

much l a r g e r  o p e r a t i o n s  s t a f f ,  most o f  whom had had no s i m i l a r  p r e v i o u s  exper ience.  The 

325-A B u i l d i n g  was opera ted  24 hours/day, 7 days/week (A-B-C-D s h i f t s ) ,  w i t h  supplemental  

personne l  on day s h i f t .  The 324 B u i l d i n g  was a l s o  opera ted  24 hours lday ,  b u t  o n l y  
5 days/week ( X - Y - Z  s h i f t ) ,  w i t h  supplemental  personne l  on day s h i f t .  Tab le  4.1 l i s t s  t h e  
o p e r a t i n g  s t a f f  requ i rements .  

S t a f f  T r a i n i n g  

Because o f  t h e  r e l a t i v e  i nexper ience  o f  t h e  o p e r a t i n g  s t a f f ,  a comprehensive t r a i n i n g  

program was e s t a b l i s h e d  t h a t  i n c l u d e d  a four-week f o r m a l  course  o f  study, about  12 weeks o f  

hands-on t r a i n i n g  i n  t h e  o p e r a t i o n  and f u n c t i o n i n g  o f  t h e  process equipment, and q u a l i f i -  

c a t i o n  t e s t i n g .  

( a )  1. NWVP Task 5 Run Book ( f o r  324 Bu i ld ing) - -W.  J .  Bjo rk lund ,  M. S. Hanson, 

2. NWVP Task 6 Run Book ( f o r  324 Bu i ld ing) - -W.  J .  B j o r k l u n d ,  L. K. Ho l ton ,  

3. Run Plans, Waste P r e p a r a t i o n  Task, 325-A Bu i l d ing - -E .  R.  I r i s h ,  E. J.  Wheelwright.  

L. S. Romero, F. E.  Haun. 

D. H. Siemens, D. N. Berger,  T. A. Go ld ing .  
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TABLE 4.1. Opera t i ng  S t a f f  Requirements 

Opera t ions  Manager 

SNM S p e c i a l i s t  

Sec re ta ry  

S e c u r i t y  C le rk  

T o t a l s  

1 
1 
1 
1 

S h i f t  Requirements 

324 B u i l d i n g  

- X - Y - Z  S h i f t s  
1 Opera t i ng  S p e c i a l i s t  3 

1 Working Leader 3 

4 Techn ic ians  12  

Techn i c  i ans 4 
. Day S h i f t  On ly  

325-A B u i l d i n g  

A-B-C-D S h i f t s  
1 Opera t i ons  Eng ineer  4 
1 Lead Techn ic ian  4 

4 Techn ic ians  16 

Day S h i f t  On ly  
Sen ior  Opera t i ons  Eng ineer  1 
Opera t ions  S p e c i a l i s t  1 

Techn ic ians  - 4 
~ 56 

Dur ing  t h e  four-week course, a l l  t e c h n i c i a n s  were g i ven  g e n e r a l i z e d  t r a i n i n g  i n  t h e  

areas  o f :  

NWVP o r i e n t a t i o n  r a d i a t i o n  s a f e t y  

mathematics r a d i o a c t i v e  m a t e r i a l s  h a n d l i n g  

c h e m i s t r y  n u c l e a r  sa feguards  and a c c o u n t a b i l i t y  

p h y s i c s  c r i t i c a l i t y  c o n t r o l .  

They were g i ven  s p e c i a l i z e d  t r a i n i n g  i n  t h e  o p e r a t i o n  o f  s p e c i f i c  equipment i n  t h e  b u i l d -  

i n g s  t o  which they  were ass igned:  

324 B u i l d i n g  325-A B u i l d i n g  

Fue l  h a n d l i n g  and d isassembly  Backup d i s s o l v e r s  

Fue l  shear ing  and d i s s o l u t i o n  S o l v e n t - e x t r a c t i o n  system 

Evapora to r - f  r a c t i o n a t o r  
Spray c a l c i n e r / i n - c a n  m e l t e r  Screw c a l c i n e r  

Process o f f  gas 

I on-ex change sys  tern 

D i sso 1 v e r  so l u  t i on t r a n s f e r  
and a c c o u n t a b i l i t y  system 

General g love-box o p e r a t i o n  

Chemical makeup 

O f f  -gas system 

ILW and HLW systems 
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The hands-on t r a i n i n g  was i n i t i a t e d  as soon as c o n s t r u c t i o n  was completed on each 

o p e r a t i n g  system and was t h e  most s i g n i f i c a n t  aspec t  o f  t h e  s t a f f  t r a i n i n g  program. T h i s  

t r a i n i n g  i n c l u d e d  p r a c t i c e  o f  p rocedures  needed f o r  t h e  s a f e  o p e r a t i o n  and c o n t r o l  o f  mani-  

p u l a t o r s  and cranes, sampl ing  equipment, and t h e  process o p e r a t i n g  systems p r e v i o u s l y  
enumerated. 

Procedures 

Acceptance Tes t  Procedures (ATPs) were prepared f o r  325-A B u i l d i n g  i ns t rumen t  systems 

t o  demonstrate t h a t  t h e  equipment was p r o p e r l y  i n s t a l l e d .  The ATP approva l  p a r t i e s  were 

PNL, who a l s o  ac ted  as t h e  t e s t  c o o r d i n a t o r ,  and V i t r o  Eng ineer ing ,  who ac ted  as a w i tness  

and was r e s p o n s i b l e  f o r  r e c o r d i n g  t h e  t e s t  r e s u l t s .  The c o n s t r u c t i o n  c o n t r a c t o r  was 

r e s p o n s i b l e  f o r  t h e  o r g a n i z a t i o n  and performance o f  t h e  ATPs and p r o v i d e d  a l l  equipment f o r  

t h e  t e s t s .  

I n  t h e  324 B u i l d i n g ,  a l l  p r e v i o u s l y  used equipment and a l l  new equipment were t e s t e d  

t o  some degree b e f o r e  i n s t a l l a t i o n  and/or o p e r a t i o n .  The r e s u l t s  o f  each t e s t  were docu- 

mented and p laced  i n  t h e  QA f i l e .  Up t o  f o u r  t e s t s  were per fo rmed on each p i e c e  o f  equ ip -  

ment o r  system, as f o l l o w s :  
I 

1. Dimensional  Check - s i ze ,  f it, c learance,  l o a d  check, e t c .  

2. O p e r a t i o n a l  Test - c o l d  f u n c t i o n a l  t e s t  o f  process equipment 

3. Acceptance Tes t  Procedure - per fo rmed by c o n s t r u c t i o n  c o n t r a c t o r ,  b e f o r e  t u r n o v e r  t o  

Opera t ions  Sec t ion  

4. Design V e r i f i c a t i o n  Tes ts  - d e t a i l e d  v e r i f i c a t i o n  o f  components under a c t u a l  opera- 

t i o n s  o f  i n - c e l l  equipment. 

The Opera t ions  Sec t ion  o f  t h e  NWVP wro te  Opera t i ona l  Acceptance Tes t  Procedures 

(OATPs) f o r  325-A B u i l d i n g  equipment, which were used t o  v e r i f y  t h a t  a l l  equipment was p r o -  

p e r l y  i n s t a l l e d  and t h a t  i t  f u n c t i o n e d  i n  accordance w i t h  design s p e c i f i c a t i o n s .  A l l  p r o -  

cess l i n e s  were checked t o  be  sure  they  were p r o p e r l y  rou ted ;  a l l  t anks  were c a l i b r a t e d .  
A l l  i n - c e l l  cranes, f i l t e r s ,  pumps, j e t s ,  a g i t a t o r s ,  va l ves  and o t h e r  t r a n s f e r  systems 
(vacuum and p ressu re )  were checked f o r  p roper  ope ra t i on .  Coo l i ng  c o i l s ,  steam c o i l s ,  and 

h o t  water  systems were checked f o r  t h e i r  a b i l i t y  t o  meet des ign  requ i rements ,  and each sys- 

tem ( i . e . ,  concen t ra to r ,  i o n  exchange, d i s s o l v e r ,  e t c . )  was eva lua ted  under s imu la ted  

o p e r a t i n g  c o n d i t i o n s .  

Safe Opera t i ng  Procedures (SOPS) were w r i t t e n  by  t h e  Opera t i ons  Sec t ion  f o r  each 

o p e r a t i o n  and p i e c e  o f  equipment r e q u i r e d  f o r  t h e  NWVP p rocess .  Each SOP r e q u i r e d  t h e  

approva l  o f  t h e  Opera t i ons  Sec t ion ,  S a f e t y  and Nuc lear  M a t e r i a l s  Management (NMM) , PNL 

B u i l d i n g  Manager, Process Technology, R a d i a t i o n  Mon i to r i ng ,  and Q u a l i t y  Assurance. 

R a d i a t i o n  Work Procedures (RWPs) were p repared  by t h e  R a d i a t i o n  M o n i t o r i n g  Sec t ion  t o  

cover  a l l  NWVP o p e r a t i o n s  i n  t h e  324 and 325-A B u i l d i n g s .  
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4.1.3 Suppor t  Se rv i ces  

R a d i a t i o n  M o n i t o r i n g  

Complete r a d i a t i o n  m o n i t o r i n g  was p r o v i d e d  by  a s u p e r v i s o r  and n i n e  r a d i a t i o n  mon i to rs  

ass igned as f o l l o w s :  

1 R a d i a t i o n  M o n i t o r i n g  Superv i so r  
1 R a d i a t i o n  P r o t e c t i o n  Eng ineer  

324 B u i l d i n g  325-A B u i l d i n g  
R a d i a t i o n  M o n i t o r s  R a d i a t i o n  M o n i t o r s  

X - Y - Z  S h i f t s  3 A-B-C-D S h i f t s  4 

Day S h i f t  1 Day S h i f t  1 

C r a f t  Se rv i ces  

C r a f t  Se rv i ces  were ass igned t o  d a y - s h i f t  d u r i n g  o p e r a t i o n  o f  t h e  NWVP and were c a l l e d  

The a c t u a l  c ra f t smen  ass igned t o  t h e  NWVP a r e  o u t  as necessary on weekends and a t  n i g h t .  

l i s t e d  below: 

2 Foremen 

5 Ins t rumen t  Techn ic ians  
4 P i p e f i t t e r s  

5 M i l l w r i g h t s  

3 E l e c t r i c i a n s .  

A n a l y t i c a l  Se rv i ces  

A n a l y t i c a l  s e r v i c e s  were p r o v i d e d  by Westinghouse (HEDL) A n a l y t i c a l  Serv ices ,  l o c a t e d  

i n  t h e  325 B u i l d i n g .  

Analyses f o r  r o u t i n e  process c o n t r o l  and a c c o u n t a b i l i t y  were p r o v i d e d  on an around- 

the -c lock  b a s i s  by  t h e  f o l l o w i n g  f u l l - t i m e  s t a f f :  

1 Techn ica l  Leader 

1 Chemist 

4 A n a l y s t s  (A-B-C-D S h i f t )  

1 A n a l y s t  (Day S h i f t ) .  

I n  a d d i t i o n ,  many ana lyses  r e q u i r e d  s p e c i a l  equipment and personne l  s k i l l s ,  such as mass 

spec t romet ry  and amperometry. F i v e  t e c h n i c a l  s p e c i a l i s t s  were used on an as-needed b a s i s  

t o  p e r f o r m  such analyses. 

4.2 WASTE PREPARATION 

4.2.1 324 B u i l d i n g  Opera t i ons  

Spent-Fuel  A c q u i s i t i o n  and Storage 

S i x  PWR f u e l  assembl ies,  d ischarged f r o m  t h e  P o i n t  Beach Reactor,  were ob ta ined  f o r  

waste p r e p a r a t i o n  p rocess ing .  Tab le  4.2 sumnarizes t h e  i r r a d i a t i o n  c h a r a c t e r i s t i c s  o f  t h e  

f u e l  assemb 1 i es. 
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TABLE 4.2. Fue l  Assembly Data 

P r e  I r r a d i a t i o n  
Assembly D ischarge Burnup 235U U 

No.(a) Date (MWd/tU) ( w t % )  (kg lassembly )  

A15  10-10-72 20,600 2.27 398.1 

A16 10-10-72 20,600 2.27 398.1 

A27 10-10-72 20,100 2.27 398.1 

BO1 05-10-74 29,500 3.04 389.2 

B 24 05-10-74 29,500 3.04 389.2 

B 25 05-10-74 29,600 2.99 389.2 

Pos t  I r r a d i a t i o n  

(wt%) (kg/assembly) ( q  /ass emb 1 y ) 
0.84 386.6 2850 

0.84 386.6 2850 

0.86 386.8 2820 

0.94 373.7 3360 

0.94 373.7 3360 

0.93 373.7 3370 

23511 U Pu 

( a )  Z i r c a l o y  c ladd ing ,  P o i n t  Beach PWR 14x14 (196 r o d s ) .  

The spent f u e l  assembl ies were r e c e i v e d  and t r a n s f e r r e d  f rom t h e  s h i p p i n g  cask t o  t h e  

s t o r a g e  rack  i n  B-Ce l l  w i t h o u t  i n c i d e n t .  Photographs o f  these s teps  a re  shown i n  

F i g u r e s  4.1 th rough  4.4. The average t i m e  r e q u i r e d  t o  complete these  f u e l - h a n d l i n g  opera- 

t i o n s  f o r  each o f  t h e  s i x  shipments was 14 hours. A l l  s i x  assembl ies were r e c e i v e d  and 

p laced  i n  t h e  s to rage  rack  b e f o r e  shear ing  and d i s s o l v i n g  were s t a r t e d .  Water was added t o  

t h e  b a s i n  as needed, b u t  c o o l i n g  water  was n o t  connected t o  t h e  b a s i n  c o o l i n g  c o i l s .  

Fue l  Disassembly and Shear ing  

The d isassembly  o p e r a t i o n s  were performed as planned, except  t h e  use of a c i r c u l a r  saw 

was r e q u i r e d  a t  t imes  i n  a d d i t i o n  t o  the' i n t e r n a l  t u b i n g  c u t t e r ,  t o  remove t h e  t o p  nozz le  

p l a t e  o f  t h e  assembl ies.  Severa l  o f  t h e  PWR f u e l  r o d s  con ta ined  c o l l a p s e d  s e c t i o n s  a long 

t h e  rod .  These c o l l a p s e d  s e c t i o n s  were removed w i t h  an e x t e r n a l  t u b i n g  c u t t e r  and manua l l y  

( w i t h  m a n i p u l a t o r s )  p laced  i n  t h e  shear chute.  The nonco l l apsed  s e c t i o n s  were sheared 

automat i c a l  l y  w i t h  t h e  f eeder-pu 1 1 e r /shear  equipment . 
Fue l  rods  were p u l l e d  f rom t h e  assembly and f e d  i n t o  t h e  f e e d e r - p u l l e r  w i t h  a manipu- 

l a t o r .  I n  some cases a s i n g l e - r o d  p u l l e r ,  a t tached  t o  t h e  f u e l  r o d  and t h e  f e e d e r - p u l l e r ,  

was used t o  f r e e  t i g h t l y  bound rods .  The feeder -pu l l e r / shear  mechanism worked au tomat i -  
cally and reliably. T h e  hydraulic hoses t o  the shear and a cam pin on the feeder-puller 

mechanism were rep laced,  t h e  o n l y  maintenance per fo rmed on t h e  system. Average t i m e  t o  

shear a ba tch  o f  40 t o  42 r o d s  was e i g h t  hours. 

The t h r e e  f u e l  assembl ies w i t h  a low burnup were disassembled and sheared f i r s t ,  f o l -  

lowed by  t h e  t h r e e  assembl ies w i t h  a h i g h e r  burnup. 

Fue l  D i s s o l u t i o n  

A process f l owshee t  and m a t e r i a l  ba lance f o r  t h e  324 B u i l d i n g  d i s s o l v e r  i s  shown i n  

F i g u r e  4.5. D u r i n g  a normal b a t c h  opera t i on ,  40 t o  42 rods  o f  spent  f u e l ,  r e p r e s e n t i n g  an 

average o f  ,86.4 kg uranium, were sheared and d i sso l ved .  Twenty -s ix  separa te  d i s s o l v e r  

ba tches  were r e q u i r e d  t o  p rocess  t h e  s i x  PWR f u e l  assembl ies.  

Spent f u e l  was sheared i n t o  t h e  d i s s o l v e r  basket  l o c a t e d  i n s i d e  t h e  d i s s o l v e r  vesse l  

( see  F i g u r e s  3.5 and 3.6). B e f o r e  shear ing  o p e r a t i o n s  began, t h e  d i s s o l v e r  was f i l l e d  w i t h  
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FIGURE 4.1. Removal o f  an NAC-1 Sh ie lded  Sh ipp ing  Cask f r o m  a 
T r a c t o r - T r a i l e r  i n  t h e  324-Bu i l d ing  Truck Lock 
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FIGURE 4.2. T r a n s f e r  o f  P l a s t i c  Draped NAC-1 Cask i n t o  t h e  
A i r  Lock Us ing  Track-Mounted Cask D o l l y  
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FIGURE 4.3. T r a n s f e r  o f  a PWR Fue l  Assembly f r o m  t h e  A i r  Lock 
i n t o  B-Cell f o r  S torage - Photographed Through A i r  
Lock Window w i t h  6 -Ce l l  Door Open 
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FIGURE 4.4. T r a n s f e r  o f  a PWR Fuel Assembly f rom t h e  A i r  Lock 
i n t o  B-Cell f o r  S torage - Photographed f rom C e l l  
Window 
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200 L o f  7.3M n i t r i c  ac id .  A f t e r  shear ing  opera t i ons ,  t h e  d i s s o l v e r  a c i d  volume was 

inc reased  t o  238 L by an a d d i t i o n  o f  7.3M - n i t r i c  ac id .  The s o l u t i o n  i n  t h e  d i s s o l v e r  was 

then s l o w l y  heated  t o  90 t o  95OC and h e l d  a t  t h a t  tempera ture .  D i s s o l u t i o n  was cons id -  

e red  comple te  when t h e  s p e c i f i c  g r a v i t y  o f  t h e  d i s s o l v e r  s o l u t i o n  d i d  n o t  change over  a 

p e r i o d  o f  a t  l e a s t  one hour.  The d i s s o l u t i o n  was completed about f o u r  hours a f t e r  t h e  

s t a r t  o f  d i s s o l v e r  vesse l  heatup. Approx ima te l y  40% o f  t h e  d i s s o l u t i o n  was completed 

d u r i n g  t h e  shear ing  process b e f o r e  t h e  tempera ture  o f  t h e  d i s s o l v e r  was inc reased.  

A c i d  consumption was de termined t o  be between 2.3 and 2.7 moles o f  n i t r i c  a c i d  p t l -  
mole o f  u ran ium d i o x i d e .  Average a c i d  consumption was 2.5 moles o f  n i t r i c  a c i d  pe r  mole 

urar,  ium d i o x i d e .  

The d i s s o l v e r  s o l u t i o n  was coo led  and t r a n s f e r r e d  t o  t h e  d i s s o l v e r  s o l u t i o n  h o l d i n g  

tank. a f t e r  d i s s o l u t i o n  was complete.  The f u e l  h u l l s  remain ing  i n  t h e  d i s s o l v e r  baske t  

i n s i d e  t h e  d i s s o l v e r  were then  con tac ted  w i t h  200 L o f  7.3M n i t r i c  ac id .  The h u l l s  were 

leached a t  a tempera ture  o f  90 t o  95OC f o r  two hours.  T h i s  h u l l s  leach s tep  ensured t h a t  

nc und isso lved  f u e l  remained i n  t h e  f u e l  h u l l s .  The h u l l s  leach a c i d  was used f o r  d i s s o l u -  

t i o n  a c i d  i n  t h e  n e x t  d i s s o l v e r  ba tch .  

A f t e r  cooldown, t h e  baske t  c o n t a i n i n g  t h e  h u l l s  was removed f r o m  t h e  d i s s o l v e r  vesse l  

and t r a n s f e r r e d  t o  t h e  h u l l s  r i n s e  tanks .  The baske t  o f  h u l l s  was c o n t a c t e d  w i t h  water  i n  

two separa te  r i n s e  tanks  and a l lowed t o  d r i p  d ry ;  i t  was then  t r a n s f e r r e d  t o  a fu r t i ace  and 

f u r t h e r  d r i e d .  

D i s s o l v e r  S o l u t i o n  F i  1 t r a t i o n  

D i s s o l v e r  s o l u t i o n  was j e t - t r a n s f e r r e d  f r o m  t h e  d i s s o l v e r  vesse l  (TK-127) t o  t h e  d i s -  

s o l v e r  s o l u t i o n  h o l d i n g  tank (TK-126) a f t e r  d i s s o l u t i o n  was complete.  Dur ing  t h i s  t r a n s -  

f e r ,  t h e  d i s s o l v e r  s o l u t i o n  was f i l t e r e d  th rough  a 100 p s t a i n l e s s  s t e e l  f i l t e r .  Undis-  

so l ved  s o l i d s  were a l l owed  t o  c o l l e c t  i n s i d e  t h e  f i l t e r  housing. 

Two f i l t e r s  were used f o r  t h e  t r a n s f e r  o f  26 ba tches  o f  d i s s o l v e r  s o l u t i o n .  A f t e r  

t r a n s f e r  o f  13 batches, t h e  f i r s t  f i l t e r  was removed from t h e  system and f i l l e d  w i t h  cement 

f o r  d i s p o s a l  even though t h e  p ressu re  drop th rough  t h e  f i l t e r  had no t  exceeded t h e  des ign  
c r i t e r i a  of 64  cm o f  water .  A f t e r  comp le t i on  o f  t h e  p r o j e c t ,  t h e  second f i l t e r  was removed 
and s t o r e d  i n  water  f o r  p o s s i b l e  f u t u r e  c h a r a c t e r i z a t i o n  o f  d i s s o l v e r - s o l u t i o n  s o l i d s .  

When t h e  d i s s o l v e r  s o l u t i o n  was t r a n s f e r r e d  t o  325-A B u i l d i n g ,  t h e  s o l u t i o n  i n  t h e  

h o l d i n g  tank  (TK-126) was c o n t i n u o u s l y  c y c l e d  by a i r l i f t  t o  t h e  t r a n s f e r  head po t .  The 

d i s s o l v e r  s o l u t i o n  was then  vacuum- t rans fer red  f r o m  t h e  head p o t  t o  325-A B u i l d i n g  th rough  

t h e  3 / 8 - i n .  i n t e r b u i l d i n g  p i p e l i n e .  

S torage o f  Leached H u l l s  

The leached s p e n t - f u e l  h u l l s  were d r i e d  i n  a f u r n a c e  and then  packaged i n  19-L 

( 5 - g a l ) ,  carbon-s tee l ,  c r i m p - l i d  buckets .  The buckets  were c losed,  moved i n t o  t h e  A i r  Lock 

and r e m o t e l y  loaded i n t o  s h i e l d e d  s t o r a g e  casks. The loaded casks were removed f r o m  t h e  

A i r  Lock, decontaminated, and sh ipped t o  t h e  Rockwel l  Hanford  Company f o r  s to rage.  The 

t r a c k - d o l l y  system t h a t  was developed f o r  moving t h e  f u e l  s h i p p i n g  cask was used f o r  moving 

t h e  h u l l s  casks i n  and o u t  o f  t h e  A i r  Lock. 
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Four buckets  o f  h u l l s  were loaded i n t o  each cask. The casks p r o v i d e  10 cm ( 4  i n . )  o f  

l e a d  s h i e l d i n g  f o r  t h e  h u l l s .  The dose r a t e  th rough  t h e  s i d e  o f  t h e  loaded casks was 125 

t o  150 mrem/h. One cask was f a b r i c a t e d  w i t h  vo ids  i n  t h e  l e a d  s h i e l d i n g ,  r e s u l t i n g  i n  a 

dose r a t e  o f  10 R/h when loaded w i t h  buckets  o f  h u l l s .  The dose r a t e  was reduced t o  t h e  

normal range b e f o r e  t r a n s f e r  o f  t h e  cask t o  Rockwel l  by a t t a c h i n g  a d d i t i o n a l  l e a d  t o  the  

o u t s i d e  s u r f a c e  o f  t h e  cask, over  t h e  d e f e c t i v e  areas. 

4.2.2 325-A B u i l d i n g  Opera t i ons  

I n  d i s c u s s i n g  t h e  performance o f  t h e  waste p r e p a r a t i o n  f a c i l i t y  i n  t h e  325-A B u i l d i n g ,  

two f a c t o r s  must be  k e p t  i n  mind: 

The p r o j e c t  o b j e c t i v e  f o r  o p e r a t i n g  t h e  system was t o  produce t h e  d e s i r e d  amount o f  

" t y p i c a l "  h i g h - l e v e l  waste i n  a minimum amount o f  t ime.  E f f i c i e n t  r e c o v e r y  o f  u ran ium 

o r  p l u t o n i u m  was n o t  a p r o j e c t  o b j e c t i v e .  A l l  p rocess ing  s teps  beyond s o l v e n t  e x t r a c -  

t i o n  were performed o n l y  t o  f a c i l i t a t e  s a f e  hand l ing ,  s to rage,  o r  d i s p o s a l  o f  t h e  u ra -  

nium and p lu ton ium.  There was l i t t l e  i n c e n t i v e ,  t ime, o r  f u n d i n g  t o  o p t i m i z e  t h e  p ro -  

cess performance. I f  t h e  o b j e c t i v e  o f  o p e r a t i n g  t h e  system had been t o  maximize t h e  

r e c o v e r y  o f  pure  uranium o r  p lu ton ium,  t h e  o p e r a t i n g  ph i l osophy  would have been q u i t e  

d i f f  eren  t . 
S a t i s f a c t o r y  o p e r a t i o n  o f  a complex process  i s  a f u n c t i o n  o f  b o t h  t h e  equipment and 

t h e  s k i l l s  and d e d i c a t i o n  o f  t h e  o p e r a t i n g  s t a f f .  Smooth o p e r a t i o n s  a re  always d i f f i -  

c u l t  t o  ach ieve  and a r e  more d i f f i c u l t  t o  m a i n t a i n  when a p r o j e c t  i s  o f  v e r y  l i m i t e d  

d u r a t i o n  and peop le  a re  e x p e c t i n g  t o  be o u t  o f  work o r  t r a n s f e r r e d  i n  a few weeks. 

Thus, t h e  accomplishments o f  t h e  p r o j e c t  o p e r a t i o n s  were no teab le ,  even though n o t  

o p t i m a l .  

The process  f l o w s h e e t s  f o r  t h a t  p a r t  o f  t h e  waste p r e p a r a t i o n  process  opera ted  i n  t h e  

325-A B u i l d i n g  a re  p resen ted  i n  F i g u r e s  4.6 and 4.7. The o v e r a l l  performance of t h e  same 

f a c i l i t y  i s  summarized i n  Tab le  4.3. These d a t a  were prepared f r o m  a l a r g e  number o f  ana l -  

yses wh ich  were, a t  t imes, l a c k i n g  i n  accuracy and completeness. Never the less ,  t h e  d a t a  do 

g i v e  a good overv iew o f  t h e  performance. The performance o f  t h e  t h r e e  ma jo r  p rocess ing  

systems, s o l v e n t  e x t r a c t i o n ,  i o n  exchange and c a l c i n a t i o n ,  p l u s  some o f  t h e  s u p p o r t i n g  sys- 

tems, a re  summarized i n  t h e  f o l l o w i n g  s e c t i o n s .  

The performance o f  t h e  325-A B u i l d i n g  process  o f f - g a s  system was never s p e c i f i c a l l y  

analyzed because t h e  system d i d  n o t  have sampl ing  c a p a b i l i t i e s .  However, t h e  o v e r a l l  pe r -  

formance o f  t h e  325 and 324 B u i l d i n g  o f f - g a s  systems was h i g h l y  s a t i s f a c t o r y ,  as r e p o r t e d  

i n  S e c t i o n  4.4 o f  t h i s  r e p o r t .  

Performance o f  S o l v e n t - E x t r a c t i o n  System 

Equipment 

The equipment i n  t h e  s o l v e n t  e x t r a c t i o n  system opera ted  q u i t e  w e l l ,  w i t h  o n l y  one 

s e r i o u s  prob lem d u r i n g  t h e  t h r e e  months o f  h o t  ope ra t i ons .  D u r i n g  t h e  f i r s t  t h r e e  weeks o f  

ope ra t i on ,  i n c l u d i n g  t h e  f i r s t  h o t  s t a r t u p ,  t h e  equipment ope ra ted  w i t h  no p e r c e p t i b l e  d i f -  

f i c u l t y .  The rea f te r ,  t h e  o v e r f l o w  l i n e  f r o m  t h e  HCP c o n c e n t r a t o r  i n t e r m i t t e n t l y  plugged, 

r e s t r i c t i n g  t h e  f l o w  r a t e  and r e q u i r i n g  c leanout .  The average o p e r a t i n g  t i m e  between 

p lugg ings  was two t o  t h r e e  days and, s i n c e  t h e  e n t i r e  s o l v e n t  e x t r a c t i o n  system had t o  be 
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TABLE 4.3. Summary o f  Separa t ions  Process Performance 

D u r i n g  D u r i n g  D u r i n g  T o t a l s  
January February  March D u r i n g  f o r  

(15 days)  (28  days)  ( 3 1  days)  A p r i l  Campaign 

Feed t o  S o l v e n t  E x t r a c t i o n  

Volume ( L )  2,380 2,320 3,750 -- 8,450 

Uranium ( k g )  631 729 985 -- 2,350 

P l u t o n i u m  ( 9 )  4,340 5,410 7,930 -- 17,700 

HLLW Accumulated f o r  Trans- 
f e r  t o  324 B u i l d i n g  

Volume ( L )  

Uranium ( 9 )  

P l u t o n i u m  ( 9 )  

4,780 4,220 6,790 _-  15,800 

1,510 5 10 6 10 -- 2,630 

25 .O 9.5 17.2 -- 51.7 

ILW Accumulated f o r  Trans- 
f e r  t o  200 Areas 

Volume ( L )  9,320 15,700 23,100 1,670 49,800 

Uranium ( k g )  6 05 64 1 1,110 27 2,380 

P l u t o n i u m  ( 9 )  136 325 68 5 28 1,170 

Process Losses 
Pu i n  HLLW ( % )  

U i n  HLLW ( % )  

Pu i n  ILW ( % )  

0.6 0.2 0.2 -- 0.3 

0.2 0.07 0.06 _- 0.11 

3.1 6.0 8.6 _ -  6.6 

s h u t  down t o  c l e a r  t h e  p lug ,  t h e  system was, t h e r e a f t e r ,  c o n t i n u a l l y  b e i n g  s t a r t e d  up and 

s h u t  down. T h i s  mode o f  o p e r a t i o n  added t o  t h e  waste l o s s e s  summarized i n  Table 4.3. 

It i s  b e l i e v e d  t h a t  an o r g a n i c  complex formed f r o m  t h e  d e g r a d a t i o n  of TBP i n  t h e  con- 

c e n t r a t o r  o b s t r u c t e d  t h e  o v e r f l o w  l i n e .  S ince  no steam s t r i p p i n g  o f  s o l v e n t  was p o s s i b l e  

because o f  r e s t r i c t i v e  d i s t r i b u t o r  p l a t e s  i n  t h e  tower o f  t h e  c o n c e n t r a t o r  ( s e e  
s e c t i o n  3 . 4 . 2 ) ,  a l l  o f  t h e  s o l u b l e  TBP i n  t h e  HCP e n t e r e d  t h e  r e b o i l e r .  The volume o f  TBP 
e n t e r i n g  t h e  u n i t  was 260 t o  600 ml/d, de termined by an a n a l y s i s  o f  t h e  HCP stream. T h i s  

agrees q u i t e  c l o s e l y  w i t h  t h e  s o l u b i l i t y  c a l c u l a t i o n s ,  which p r e d i c t e d  about 300 m l  o f  

TBP/d e n t e r i n g  t h e  c o n c e n t r a t o r .  

The o n l y  s u c c e s s f u l  mechanism f o r  f r e e i n g  t h e  l i n e  was t o  a l t e r n a t e l y  pump a few 

l i t e r s  o f  HN03 t h r o u g h  t h e  l i n e ,  f o l l o w e d  b y  h o t  (60 t o  7OoC) 1.01 sodium carbonate .  

S ince  t h e r e  was no means o f  o b t a i n i n g  a sample o f  t h e  m a t e r i a l  c a u s i n g  t h e  problem, t h e r e  

s t i l l  e x i s t s  some u n c e r t a i n t y  as t o  t h e  e x a c t  n a t u r e  o f  t h e  p lug .  However, i t s  apparent  

s o l u b i l i t y  i n  sodium carbonate  s u p p o r t s  t h e  h y p o t h e s i s  t h a t  a uranium-phosphate s o l i d  was 

i n v o l v e d .  

Time spent  on t h i s  p rob lem de layed t h e  c o m p l e t i o n  o f  t h e  p r o j e c t  b y  t h r e e  t o  f o u r  

weeks and reduced t h e  e f f i c i e n c y  ( a c t u a l  t h r o u g h p u t  r a t e / d e s i g n  t h r o u g h p u t  r a t e  X 100) f r o m  

90% b e f o r e  i n c e p t i o n  o f  t h e  p l u g g i n g ,  t o  62% f o r  t h e  o v e r a l l  p r o j e c t .  However, s i n c e  t h a t  

was t h e  o n l y  s i g n i f i c a n t  p rob lem encountered i n  t h e  f i r s t  h o t  s t a r t u p  o f  a new f a c i l i t y ,  

t h e  o v e r a l l  per fo rmance i s  c o n s i d e r e d  q u i t e  s a t i s f a c t o r y .  
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Process 

E x t r a c t i o n .  The average waste l osses  f r o m  t h e  HA Column were 0.3% f o r  p l u -  

tonium and 0.1% f o r  uranium, as shown i n  Tab le  4.3. N i t h  t h e  excep t ion  o f  6ne ba tch  accu- 

mu la ted  d u r i n g  the  f i r s t  week o f  h o t  ope ra t i ons ,  t h e  average p l u t o n i u m  losses  were 0.2%. 
As ment ioned e a r l i e r ,  t h e  e f f i c i e n c y  o f  t h e  system r/as no t  op t im ized  and t h e  c o n t i n u a l  

s t a r t u p  and shutdown inc reased  waste losses .  A t  no t i m e  d i d  t h e  uranium i n  t h e  HLW 

approach t h e  imposed l i m i t  o f  0.5 w t %  o f  t h e  uran ium i n  t h e  d i i s o l v e r  s o l u t i o n ;  t h e r e f o r e ,  

no a t tempt  was made t o  i nc rease  t h e  e x t r a c t i o n  e f f i c i e n c y .  

S t r i p p i n g .  The uranium and p l u t o n i u m  losses  f rom t h e  s t r i p p i n g  column (HC) 

averaged 0.08% and 0.356, r e s p e c t i v e l y .  The uranium and p l u t o n i u m  were removed f r o m  t h e  

s o l v e n t  i n  t h e  s o l v e n t  wash c o n t a c t o r  (HO) and d i sca rded  w i t h  t h e  ILW. Approx ima te l y  53 g 

o f  p l u t o n i u m  was added t o  t h e  ILW f r o m  t h i s  stream. 

F i s s i o n - P r o d u c t  Decontaminat ion .  Because o f  t h e  l a r g e  back log  o f  a n a l y t i c a l  

samples t h a t  occur red ,  t h e  analyses needed t o  c a l c u l a t e  f i s s i o n - p r o d u c t  decontaminat ion  

f a c t o r s  (DFs) r e l a t i v e  t o  p l u t o n i u m  were cance l l ed .  However , ' f o r  a two-day p e r i o d  d u r i n g  

t h e  m idd le  o f  t h e  opera t i on ,  samples were taken and t h e  f o l l o w i n g  DFs were ob ta ined  f o r  t h e  

e n t i r e  s o l v e n t  e x t r a c t i o n  system: 

144ce _ _ _ _ _  3.0 l o 3  
125Sb ----- 5.6 x l o 4  

F u r t h e r  decontaminat ion  occu r red  i n  t h e  ion-exchange system as d iscussed i n  t h e  f o l l o w i n g  

s e c t i o n .  

Performance o f  Ion-Exchange System 

As s t a t e d  i n  Sec t i on  3.4, t h e  purpose o f  t h e  A-Ce l l  ion-exchange system ( 1 x 1 )  i s  t o  

p a r t i t i o n  p l u t o n i u m  f r o m  uran ium and t o  f u r t h e r  decontaminate p l u t o n i u m  f r o m  t h e  f i s s i o n  

p roduc ts  and o t h e r  i m p u r i t i e s .  The system s a t i s f a c t o r i l y  per fo rmed w i t h i n  t h e  des ign  c r i -  

t e r i a .  However, o p e r a t i n g  exper ience  b e f o r e  t h e  c o n c e n t r a t o r  o v e r f l o w  l i n e  was p lugged 

i n d i c a t e d  t h a t  t h e  p rocess ing  r a t e  o f  t h e  325-A B u i l d i n g  f a c i l i t y  was p robab ly  l i m i t e d  by  

t h e  ion-exchange system, n o t  t h e  s o l v e n t  e x t r a c t i o n  system, and t h a t  t h e  l i m i t  i s  c l o s e  t o  

t h e  des ign  c r i t e r i a  o f  50 kg  Ulday. 

P1 u t o n i  urn Losses 

The p l u t o n i u m  losses  t o  t h e  ILW f r o m  t h e  1x1 system were found t o  be  much h i g h e r  than  

expected. P e r i o d i c  analyses o f  t h e  f e e d  ( I X l F ) ,  t h e  feed  c y c l e  waste ( IXlFW), and t h e  

scrub  c y c l e  waste (IXlSW) showed t h a t  t h e  l osses  occu r red  f r o m  t h e  feed a b s o r p t i o n  c y c l e  

and t h a t  a l l  o f  t h e  p l u t o n i u m  l o s t  t o  waste was i n  t h e  unabsorbab le  +6 o x i d a t i o n  s t a t e .  

The c a p a c i t y  o f  t h e  r e s i n  beds was never  exceeded. Indeed, i n  o n l y  one ba tch  o u t  o f  t h e  

61  ba tches  processed was any d e t e c t a b l e  amount o f  p l u t o n i u m  absorbed on t h e  r e s i n  i n  t h e  

t a i l i n g  column. O x i d a t i o n  o f  p l u t o n i u m  i n  t h e  HC column o r  t h e  HCP c o n c e n t r a t o r  was 

suspected o f  caus ing  t h e  h i g h  losses ;  t h e r e f o r e ,  on March 10 th  t h e  c o n c e n t r a t i o n  o f  t h e  

reduc ing  agent, hydroxy lamine n i t r a t e  (HAN) i n  t h e  HC column e x t r a c t a n t  (HCX), was 
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i nc reased  f r o m  0.01 t o  0.05 molar.  The average p l u t o n i u m  loss o f  6.6% i n  t h e  t h r e e  p r e -  

v ious  ba tches  was reduced t o  2.4% i n  t h e  s i x  ba tches  f o l l o w i n g  t h e  i nc rease  i n  HAN. The 

l i m i t e d  amount o f  t i m e  b e f o r e  t h e  end o f  t h e  p r o j e c t  d i d  n o t  p e r m i t  f u r t h e r  i n v e s t i g a t i o n  

o f  t h e  e f f e c t  o f  HAN c o n c e n t r a t i o n  o r  p o i n t  o f  a d d i t i o n  upon p l u t o n i u m  losses .  

A d d i t i o n a l  da ta  on p lu ton ium o x i d a t i o n  were ob ta ined  d u r i n g  a t e s t  i n tended  t o  improve 

t h e  performance o f  t h e  concen t ra to r  o v e r - f l o w  l i n e  by r e d u c i n g  t h e  p o t e n t i a l  f o r  a c i d  

h y d r o l y s i s  o f  TBP i n  t h e  c o n c e n t r a t o r .  On March 20th t h e  a c i d  c o n c e n t r a t i o n  i n  t h e  concen- 

t r a t o r  r e b o i l e r  was reduced f r o m  7.5 t o  5.OM HN03. T h i s  d i d  n o t  decrease t h e  f requency  

o f  p l u g g i n g  b u t  d i d ,  by p romot ing  t h e  o x i d a t i o n  o f  p lu ton ium i n  t h e  c o n c e n t r a t o r ,  i nc rease  

t h e  p l u t o n i u m  waste l osses  f r o m  t h e  1x1 system t o  a s i n g l e - b a t c h  h i g h  o f  10.5%. The waste 

l osses  r e t u r n e d  t o  about  2% when t h e  a c i d  c o n c e n t r a t i o n  was inc reased  t o  7.5M HN03. 

F i s s i o n - P r o d u c t  Decontaminat ion  

The f i s s i o n - p r o d u c t  DF i n  t h e  1x1 system was h i g h  enough t h a t  t h e  p l u t o n i u m  p r o d u c t  

c o u l d  be d i r e c t l y  c a l c i n e d  w i t h  no f u r t h e r  p u r i f i c a t i o n .  R e s u l t s  f rom t h e  gamma spec t ro -  

meter f o r  t h e  same two days t h a t  t h e  s o l v e n t  e x t r a c t i o n  system DFs were c a l c u l a t e d  show t h e  

f o 11 owing p l u t o n i u m  decontaminat ion  f a c t o r s  : 

The o v e r a l l  p l u t o n i u m  decontaminat ion  f a c t o r s  f o r  these two f i s s i o n  p roduc ts  were, 

t h e r e f o r e :  

5 
8 

4.8 x 10 f o r  lo6Ru, and 

4.05 x 10 f o r  137Cs. 

R a d i a t i o n  f i e l d s  i n  and around t h e  g l o v e  boxes i n  Room 604 were q u i t e  low. The vesse l  

c o n t a i n i n g  p l u t o n i u m  n i t r a t e  s o l u t i o n  e l u t e d  f r o m  t h e  1x1 column had a maximum r e a d i n g  a t  

c o n t a c t  t h rough  a 0.76 m e q u i v a l e n t  l ead  g love  o f  20 mR/h g a m a .  Readings o f  8 mR/h gamma 

and 6 mrem/h neu t rons  were no ted  a t  t he  c l o s e s t  p o i n t  t o  t h e  vesse l  t h rough  t h e  g love  box 

wa l ls . -  Maximum r a d i a t i o n  read ings  on a can o f  Pu02 (1.3 kg )  o f  about 200 mR/h g a m a  were 
observed a t  c o n t a c t  th rough a 0.76 m e q u i v a l e n t  l ead  g love .  Readings o f  28 mR/h gamma and 

20 mrem/h neu t ron  were no ted  a t  t h e  c l o s e s t  p o i n t  o f  c o n t a c t  t h rough  t h e  glove-box w a l l s .  

Glove-box Ion-Exchange System 

The 1x2 system was opera ted  f o r  o n l y  t h e  f i r s t  f i v e  days o f  h o t  o p e r a t i o n .  The decon- 

t a m i n a t i o n  achieved i n  t h e  1x1 system was found  t o  be s u f f i c i e n t  t h a t  t h e  glove-box i o n -  

exchange system and p r o d u c t  c o n c e n t r a t o r  c o u l d  be  by-passed. Had t h e  f u e l  been s t o r e d  f o r  

a s h o r t e r  t i m e  b e f o r e  process ing ,  t h e  i o n  exchange system would p r o b a b l y  have been needed 

t o  o b t a i n  t h e  d e s i r e d  p u r i f i c a t i o n  o f  t h e  p l u t o n i u m  p roduc t .  

Ion-Exc hange Res in  

The Dowex 1, X-4 (50 t o  100 mesh) r e s i n  was found t o  have adequate c a p a c i t y  f o r  

e f f e c t i v e  use i n  t h i s  a p p l i c a t i o n .  However, a f t e r  about  20 b a t c h  cyc les  were processed, 

( a )  Gama spec t rometer  c a l i b r a t e d  f o r  o n l y  these two energy peaks. 
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s u f f i c i e n t  damage t o  t h e  c ross  l i n k a g e  had occu r red  t h a t  t h e  r e s i n  p a r t i c l e s  were so f tened,  

the reby  becoming deformed and caus ing  t h e  p ressu re  drop  t o  i nc rease  d u r i n g  t h e  feed  absorp- 

t i o n  cyc le .  I n  a d d i t i o n ,  t h e  r e s i n  s w e l l e d  more d u r i n g  p r o d u c t  e l u t i o n ,  and r e s e t t l i n g  o f  

t h e  bed between cyc les  was less  e f f e c t i v e  and more d i f f i c u l t .  Because o f  these problems, 

t h e  r e s i n  i n  t h e  1x1 columns was changed a f t e r  about each 20 batches processed. 

A c i d  Concen t ra t i on  

A l though  t h e y  were n o t  s p e c i f i c a l l y  s tud ied ,  f l u c t u a t i o n s  i n  t h e  c o n c e n t r a t i o n  o f  

n i t r i c  ac id  i n  t h e  I X l F  and 1x1s streams w i t h i n  t h e  range 6.5 t o  7.5u produced no observ- 

a b l e  e f f e c t  on performance. However, t h e  IXlE ( d i l u t e  n i t r i c  a c i d  used t o  e l u t e  t h e  p l u t o -  

nium p r o d u c t  f r o m  t h e  r e s i n )  was a t  one t i m e  made up a t  0.7M HN03 r a t h e r  than  0.5M 

HN03. T h i s  caused an almost d o u b l i n g  o f  t h e  volume r e q u i r e d  t o  remove t h e  p r o d u c t  f r o m  

t h e  r e s i n  bed. 

P lu ton ium C a l c i n e r  Performance 

The f u n c t i o n  o f  t h e  c a l c i n e r  i s  t o  t r a n s f o r m  t h e  p l u t o n i u m  n i t r a t e  s o l u t i o n  t o  a d r y  

ox ide  f o r  s a f e  s to rage  and hand l i ng .  No p lu ton ium-ox ide  p u r i t y  s p e c i f i c a t i o n s  were imposed 

upon t h e  p r o j e c t .  However, a process s p e c i f i c a t i o n  was e s t a b l i s h e d  t h a t  t h e  loss on i g n i -  

t i o n  (LOI )  b e  ~ 1 . 5  w t X  when t h e  o x i d e  was heated  a t  2OO0C f o r  two hours.  

Most p l u t o n i u m  c a l c i n a t i o n  processes i n  t h e  p a s t  t rans fo rmed  t h e  p l u t o n i u m  n i t r a t e  t o  

an o x a l a t e  b e f o r e  c a l c i n i n g  i t .  L i t t l e  o p e r a t i n g  knowledge o f  a d i r e c t  d e n i t r a t i o n  c a l -  

c i n e r  was a v a i l a b l e .  Two o f  t h e  major  o p e r a t i n g  c h a r a c t e r i s t i c s  o f  such c a l c i n e r s  t h a t  

were i n v e s t i g a t e d  d u r i n g  t h e  p r o j e c t  were: 1) ho ldup o f  o x i d e  i n  t h e  c a l c i n e r ,  and 2 )  

m o i s t u r e  c o n t e n t  o r  LO1 o f  t h e  o x i d e  produced. 

Ox ide  Holdup i n  t h e  C a l c i n e r  

Before  t h e  s t a r t  o f  o p e r a t i o n s ,  t h e r e  was no r e l i a b l e  means o f  e s t i m a t i n g  ho ldup o f  

o x i d e  on t h e  c a l c i n e r  p a r t s .  It was r e a l i z e d  t h a t  some ox ide  would adhere,  t o  t h e  w a l l s ,  

t h e  screw, and t h e  o f f - g a s  f i l t e r ,  b u t  any e s t i m a t e  o f  t h e  q u a n t i t y  was j u s t  a guess. 

A f t e r  t h e  c a l c i n e r  had been opera ted  f o r  f o u r  weeks and 6 kg o f  ox ide  had been p r o -  

cessed, t h e  u n i t  was disassembled and c leaned ou t .  The amount o f  o x i d e  rema in ing  i n  t h e  

t rough  and on t h e  screw was 600 g, w i t h  80 g on t h e  s i n t e r e d  me ta l  f i l t e r .  Approx ima te l y  

60 g o f  v e r y  f i n e  powder had a l s o  depos i ted  on t h e  glove-box v e n t i l a t i o n  HEPA f i l t e r .  A 
ma jo r  p a r t  o f  t h e  ho ldup i n  t h e  t rough  c o u l d  be  a t t r i b u t e d  t o  t h e  f l e x i b i l i t y  o f  t h e  c a l -  

c i n e r  screw. As ox ide  became g lazed on to  t h e  bo t tom s u r f a c e  o f  t h e  t rough,  t h e  s h a f t  

f l e x e d  and a l l o w e d  t h e  f l i g h t s  t o  t u r n  o v e r  t h e  top  o f  t h e  ox ide  g l a z e  r a t h e r  than  removing 

t h e  g l a z e  as i t  was formed. 

I t was obv ious  f r o m  i n p u t - o u t p u t  measurements t h a t  t h e  c a l c i n e r  had n o t  reached a 

holdup e q u i l i b r i u m  when c leaned out ,  and t h a t  t h e  ox ide  was s t i l l  accumula t ing  w i t h i n  t h e  

c a l c i n e r .  The re fo re ,  these ho ldup va lues  a re  r e a l l y  l e s s  than  t h e  t o t a l  o x i d e  ho ldup would 

be i f  e q u i l i b r i u m  had been reached. The s h o r t  d u r a t i o n  o f  t h e  p r o j e c t  p rec luded  f u r t h e r  

measurements o f  t h i s  i m p o r t a n t  parameter.  
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M o i s t u r e  Conten t  of Ox ide  Produc t  

The f e e d  t o  t h e  c a l c i n e r  averaged about 19 g Pu/L d i s s o l v e d  i n  1.OE HN03. Dur ing  

opera t i ons ,  t h e  f e e d  end o f  t h e  c a l c i n e r  was k e p t  between 200 and 3OO0C, and t h e  p roduc t  

end was a t  45OoC. Be fo re  h o t  o p e r a t i o n s  began, i t  was c a l c u l a t e d  t h a t  t h e  res idence  t i m e  

o f  p lu ton ium w i t h i n  t h e  c a l c i n e r  would be 30 minu tes .  The a c t u a l  res idence  t i m e  was longer  

than  t h i s  due t o  t h e  b u i l d u p  and s lough ing  o f f  o f  ox ide  on t h e  t r o u g h  and screw. Accura te  

measurements o f  t h e  res idence  t i m e  were n o t  made. 

The m o i s t u r e  c o n t e n t  o f  o x i d e  f rom t h e  screw c a l c i n e r  v a r i e d  between 0.30 w t %  and 

0.65 w t %  (avg. = 0.44%), as shown i n  Tab le  4.4. I t  was assumed t h a t  these m o i s t u r e  c o n t e n t  

va lues  were w i t h i n  t h e  s p e c i f i e d  l i m i t s  ( s u b s t i t u t i o n  by t h e  a n a l y t i c a l  l a b o r a t o r y  of a 

s p e c i f i c  m o i s t u r e  a n a l y s i s  f o r  a 200°C LO1 was n o t  known u n t i l  l a t e r ) ,  and t h a t  a t  t h i s  

low m o i s t u r e  c o n t e n t  any p ressu re  b u i l d u p  i n  t h e  s to rage  c o n t a i n e r ,  f rom thermal  o r  r a d i o -  

l y t i c  processes, would be n e g l i g i b l e .  However, t h e  can c o n t a i n i n g  b lend  No 6A d i d  b u i l d  up 

p ressu re  and r u p t u r e d  t h e  mechan ica l l y - sea led  o u t e r  can as i t  was b e i n g  t r a n s f e r r e d  t o  a 

s to rage  f a c i l i t y .  A f t e r  t he  r u p t u r e  o f  can 6A, LOIS were de termined on seve ra l  o f  t h e  

a r c h i v e  samples f r o m  p r e v i o u s l y  c a l c i n e d  batches. Tab le  4.4 l i s t s  LO1 r e s u l t s  on eve ry  

TABLE 4.4. Analyses of Oxide f o r  V o l a t i l e  I m p u r i t i e s  

S to rage  Can No. 
1 A  
2A 

2B 

3A 

38 

4A 

5A 
5B 

6A(d )  

6B 
7A 

7B 

8A 

8B 

9A 

9B 

Oxide Produc t  f rom 
Screw C a l c i n e r  

M o i s t u r e  (a) LO1 (bT 
(wt%)  (wt%)  

0.38 1.73 

0.30 
0.30 -- 
0.61 1.87 
0.54 1.99 
0.40 -- 

0.42 2.59 
0.48 -- 
0.45 3.20 

0.41 2.64 

0.65 1.80 

0.51 1.94 

0.32 1.62 

0.37 1.54 

0.39 1.22 

0.45 1.11 

-- 

Oxide Ca lc ined  a t  
650 C f o r  3 Hours 

LO1 
(w t%)  
-- 

0.55 

0.64 

0.41 

0.32 

0.25 

0.31 

0.31 

0.36 

Ox ide  S t o r e d  f o r  40 Days 
i n  Tape-Sealed Cans 

M o i s t u r e  N2 (c)  LO1 
(wt%)  (wt%)  (wt%)  

( a )  M o i s t u r e  de termined by c o u l o m e t r i c  a n a l y s i s  o f  water  d r i v e n  f r o m  ox ide  sample heated  a t  

( b )  Loss on i g n i t i o n  (LOI )  de termined by  sample we igh t  l o s s  on h e a t i n g  t o  95OoC f o r  2 hours.  
( c )  N2 determined by f u s i o n  and gas chromatography. 
( d )  Ruptured  can. 

4OOOC f o r  10 minutes.  
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b a t c h  processed a f t e r  t h e  can r u p t u r e d .  Exper iments per fo rmed as a r e s u l t  o f  t h e  r u p t u r e  

have shown t h a t  a m o i s t u r e  c o n t e n t  of 0.5 w t %  i s  s u f f i c i e n t  t o  r u p t u r e  a sea led  can, i f  t h e  

tempera ture  i n s i d e  t h e  can exceeds about  14OoC. The exac t  cause o f  t h e  r u p t u r e  i s  no t ,  

a t  p resent ,  known, b u t  i t  seems p ruden t  t o  suspec t  b o t h  t o o  h i g h  a m o i s t u r e  c o n t e n t  and 
undecomposed n i t r a t e s .  F o l l o w i n g  t h e  r u p t u r e ,  t h e  c a l c i n e r  tempera ture  was inc reased  t o  

5OO0C, and t h e  screw r o t a t i o n  was decreased, r e s u l t i n g  i n  i nc reased  res idence  time.. 

As an added p recau t ion ,  o x i d e  processed f r o m  t h e  screw c a l c i n e r  a f t e r  t h e  can r u p t u r e d  

was batch-blended, sampled, weighed, and then  heated i n  a m u f f l e  f u r n a c e  a t  650°C f o r  

t h r e e  hours. A f t e r  i t  was coo led ,  t h e  o x i d e  was blended, sampled, and p laced  i n  tape-  

sea led  cans f o r  i n t e r i m  s to rage.  A comparison o f  t h e  LO1 va lues  b e f o r e  and a f t e r  t h e  

65OoC c a l c i n a t i o n ,  g i v e n  i n  Tab le  4.4, shows a f i v e - f o l d  decrease i n  v o l a t i l e s  by  c a l c i -  

n a t i o n  t o  t h e  h i g h e r  temperature.  

An exper iment  was performed t o  eva lua te  m o i s t u r e  a b s o r p t i o n  by  t h e  o x i d e  d u r i n g  normal 

h a n d l i n g  o p e r a t i o n s  and s to rage  i n  t h e  g l o v e  box. Cans 8A, 8B, 9A, and 9B were tape-sea led  

i n  t h e  glovebox and h e l d  f o r  40 days f o l l o w i n g  c a l c i n i n g  a t  65OoC, b l e n d i n g  and sam- 

p l i n g .  These cans were then  opened, and t h e  o x i d e  was reb lended and resampled. The ana ly -  

t i c a l  r e s u l t s  i n d i c a t e d  i n  Tab le  4.4 a r e  somewhat i n c o n c l u s i v e  because m o i s t u r e  analyses 
were n o t  made f o l l o w i n g  t h e  650°C c a l c i n a t i o n .  The ana lyses  do i n d i c a t e  t h a t  t h e  amount 

o f  n i t r a t e  p resen t  a f t e r  c a l c i n a t i o n  a t  65OoC i s  smal l ,  and t h e  m o i s t u r e  reabsorbed dur -  

i n g  h a n d l i n g  o p e r a t i o n s  and 40 days of s to rage,  0.14 t o  0.20 w t % ,  was q u i t e  low. 

P o s s i b l e  adverse e f f e c t s  d u r i n g  l ong - te rm s to rage  o f  smal l  amounts o f  m o i s t u r e  and/or 

v o l a t i l e s  i n  p l u t o n i u m  o x i d e  from h igh-burnup f u e l  a re  n o t  q u a n t i t a t i v e l y  known. The 

e f f e c t s  o f  s e l f - h e a t i n g  o f  t h e  o x i d e  a re  e q u a l l y  impor tan t .  Bo th  v o l a t i l i t y  c o n t e n t  and 

o x i d e  tempera ture  can be  c o n t r o l l e d  by proper  p rocess ing  and s t o r a g e  c o n d i t i o n s .  These 

e f f e c t s  must be eva lua ted  e x p e r i m e n t a l l y  b e f o r e  l ong - te rm s to rage  requ i remen ts  can be 

def ined. 

O f f -gas  System 

No problems were encountered  w i t h  t h e  of f -gas system d u r i n g  t h e  course  of h o t  opera- 

t i o n s .  Because t h e  325-A B u i l d i n g  d i s s o l v e r s  were n o t  used w i t h  i r r a d i a t e d  f u e l ,  t h e  e f f i -  

c i e n c y  o f  t h e  s i l v e r  z e o l i t e  f i l t e r  c o u l d  n o t  be asce r ta ined .  A l l  o t h e r  p o r t i o n s  o f  t h e  

system f u n c t i o n e d  acco rd ing  t o  design. 

I n t e r m e d i  a te -Leve l  Waste System 

No s i g n i f i c a n t  problems were encountered  w i t h  t h e  ILW System. When cask shipments t o  

t h e  200 Eas t  Area were de layed because o f  bad roads o r  f o r  o t h e r  reasons, t h e  waste was 

t r a n s f e r r e d  t o  v a u l t  t ank  PT-2, t hen  removed f r o m  tank  PT-2 when shipments c o u l d  aga in  be 

made. Approx ima te l y  700 L o f  ILW were genera ted  each day d u r i n g  h o t  o p e r a t i o n s  i n  t h e  

325-A B u i l d i n g .  A t o t a l  o f  42 cask shipments were made t o  t h e  200 East  Area f o r  d i s p o s a l  

o f  t h e  waste generated d u r i n g  c o l d  t e s t i n g ,  t r a c e r - l e v e l  t e s t i n g ,  and f u l l  h o t  ope ra t i ons .  

F i g u r e  4.8 p i c t u r e s  a f u l l  cask, cha ined t o  a t r u c k  bed, ready  t o  l eave  t h e  325-A B u i l d i n g  

f o r  t h e  200 East  Area. 
n 
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Process I n s t r u m e n t a t i o n  

Process i ns t rumen ts  g e n e r a l l y  performed q u i t e  w e l l .  Some minor problems were encoun- 

t e r e d  because recomnended l i m i t a t i o n s  b rough t  on by a d d i t i o n a l  i n s t r u m e n t a t i o n  requ i rements  

were exceeded. Some ins t rumen ta t i on ,  a t  f i r s t  l o c a t e d  i n  t h e  chemical  makeup area  (AMU), 

s u f f e r e d  acid-fume damage because o f  leaks  i n  some t u b i n g  f i t t i n g s .  The equipment was 

renovated  and moved t o  a fume- f ree  area. The p rocess ing  equipment was shu t  down o n l y  once 

( l e s s  t h a n  e i g h t  hours )  because o f  i n s t r u m e n t a t i o n  f a i l u r e .  O v e r a l l ,  t h e  process  i n s t r u -  

men ta t i on  caused few problems and was most 

4.3 WASTE VITRIFICATION 

4.3.1 Feed P r e p a r a t i o n  

D i l u t e  HLLW was t r a n s f e r r e d  th rough  

B u i l d i n g  t o  TK-106 i n  324 B u i l d i n g .  The 

chemical  compos i t i on  was ad jus ted  t o  t h a t  

n o n - r a d i o a c t i v e  chemicals.  The waste was 

b e n e f i c i a l  t o  t h e  success o f  t h e  p r o j e c t .  

t h e  I n t e r b u i l d i n g  P i p e l i n e  f r o m  TK-W4 i n  325-A 

HLLW was then  t r a n s f e r r e d  t o  TK-107, where t h e  

o f  t y p i c a l  waste b y  t h e  a d d i t i o n  o f  uranium and 

t h e n  t r a n s f e r r e d  t o  B-Ce l l  and concen t ra ted  t o  

t h e  r e q u i r e d  volume and a c i d  c o n c e n t r a t i o n  f o r  f eed  t o  t h e  v i t r i f i c a t i o n  process. The feed  

p r e p a r a t i o n  steps are  shown s c h e m a t i c a l l y  i n  F i g u r e  4.9. A conven ien t  exp ress ion  f o r  des- 
c r i b i n g  v a r i o u s  k i n d s  o f  waste i s  t h e  amount o f  m a t e r i a l  wh ich  i s  assoc ia ted  w i t h  o r  which 

r e s u l t s  f r o m  p rocess ing  spent f u e l  c o n t a i n i n g  one m e t r i c  ton o f  uranium, i .e . ,  1 t U  equ iva-  

l e n t .  Two waste-preparation/waste-vitrification r u n s  were made. The f i r s t  con ta ined  waste 

f r o m  o n l y  t h e  t h r e e  low-exposure f u e l  assembl ies,  and t h e  second con ta ined  waste f r o m  b o t h  

low- and high-exposure f u e l  assembl ies.  

Tab le  4.5 sumnarizes t h e  volumes o f  waste s o l u t i o n  processed f o r  each v i t r i f i c a t i o n  

r u n .  The q u a n t i t i e s  o f  f i s s i o n  p roduc ts  and a c t i n i d e s ,  p e r  tonne o f  uranium, found i n  f u e l  

i r r a d i a t e d  t o  these two exposures are  g i ven  i n  Tables 4.6 and 4 .7 . (a )  N o t  a l l  o f  t h e  

HLLW f r o m  325-A B u i l d i n g  was p repared  as feed  f o r  c a l c i n a t i o n  (compare Tab les  4.3 and 

4.5). A volume o f  HLLW r e p r e s e n t i n g  approx ima te l y  0.47 t U  was rese rved  f o r  use i n  o t h e r  

DOE programs. 

The NWVP g lass  compos i t i on  was modeled a f t e r  t h e  w e l l - c h a r a c t e r i z e d  PW-8a compos i t i on  

( R o s s  1978).  To achieve t h e  d e s i r e d  compos i t ion ,  n o n - r a d i o a c t i v e  chemicals were added t o  

t h e  d i l u t e  waste b e f o r e  it was concen t ra ted .  The sources o f  most n o n - r a d i o a c t i v e  chemica ls  

i n  t y p i c a l  rep rocess ing  waste would be i n t e r m e d i a t e - l e v e l  waste, c o r r o s i o n  p roduc ts ,  and 

degraded so l ven t .  Some s p e c i f i c  chemica ls  a re  added t o  ach ieve  t h e  d e s i r e d  g lass  composi- 

t i o n .  Those chemica ls  added t o  t h e  d i l u t e  waste are  shown i n  Table 4.8. 

The feed p r e p a r a t i o n  r e q u i r e d  n e a r l y  a 1 0 - f o l d  r e d u c t i o n  i n  t h e  waste volume and a c i d  

d e p l e t i o n  b e f o r e  c a l c i n a t i o n  t o  be  r e p r e s e n t a t i v e  o f  a rep rocess ing  p l a n t  waste feed. Th is  

was accompl ished by 

r a t o r  (TK-113). A 

t i o n .  F i r s t ,  t h e  

a c o n c e n t r a t  i o n / a c i d - s t r  i pping  o p e r a t i o n  u s i n g  t h e  thermosyphon evapo- 

two-s tep  bo i l -down  was r e q u i r e d  t o  c o n t r o l  t h e  n i t r i c  a c i d  concent ra -  

waste was concen t ra ted  f r o m  a 1.5M - HN03 s o l u t i o n  t o  4 t o  6M - HN03. 

( a )  O R I G E N  computer code p r e d i c t i o n s .  
n 
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TABLE 4.5. Volumes o f  Waste Processed Dur ing  
Feed P r e p a r a t i o n  

Waste 
D i l u t e  HLLW Volume 

Feed Average Rece ived  i n  Waste a f t e r  Con- 
P r e p a r a t i o n  Burnup 324 B u i l d i n g  E q u i v a l e n t  c e n t r a t i o n  

1 20,500 8370 1.02 850 

2 29,500 5130 0.86 650 

Run No. (MWd/tU) ( L )  ( t u )  ( L )  

TABLE 4.6. P o i n t  Beach Reactor Fuel  Waste f o r  
SC/ICM R u n  #1 ( b a s i s  1 t u )  

E 1 emen t 

F i s s i o n  
P r o d u c t s  

Ge 

As 

Se 

Rb 

S r  

Y 

Z r  

Mo 
Tc 

Ru 
Rh 

Pd 

A g  
Cd 
I n  

S n  

Sb 

Te 

c s  

Ba 

La  

Ce 

P r  

Nd 

Pm 

Sm 

Eu 

Gd 

Tb 

OY 
S u b t o t a l  

A c t i n i d e s  

,(a) 
N P  
Pu 

Am 

Cm 

S u b t o t a l  

TOTAL 

Grams 

0.22 
0.05 

31.7 

203.0 

503.0 

284.0 

2280.0 

2130.0 
530.0 

1350.0 

288 .o 
838.0 

41.7 

45.3 

1.0 

31.5 

7.7 

348 .O 

1530.0 

975.0 

782.0 

1520.0 

738 .O 

2520.0 

22.1 

571.0 

95.3 

54.3 

1.2 

0.8 

17.7 l o 3  

4850 

25 2 

38.4 

84.3 

4.6 

5.23 l o 3  
22.95 l o 3  

Moles 

0.003 

0.0003 

0.40 

1.19 

5.74 

1.60 

24.99 

22.20 
2.68 

13.36 

1.40 

7.88 

0.19 

0.40 
0.009 

0.27 

0.03 
2.73 

5.76 

7.10 

2 .81  

10.85 

0.87 

8.74 

0.08 

1.90 

0.31 

0.17 

0.002 

0.002 

6.79 

1.06 

0.16 

0.35 

0.01 

Ox ide  
Formed q Ox ide  

~ 

Ge02 

Se02 

R b20 

S r O  

As203 

y2°3 
L r 0 2  

Moo3 

Tc207 
Ru02 

P dO 
Rh203 

A920 
C dO 
I no 

Sn02 

Sb203 
Te02 

B a0 

La203 
Ce02 

Pr6011 

Nd203 

Sm203 

Gd203 

DY203 

cs20 

Pm203 

E"Z03 

Tb4°7 

u3°8 
NP02 
Pu02 

Am02 

Cm203 

0.3 

0.07 

44.5 

222.0 
594.8 

360.7 

3079.8 
3195.9 

829.8 

1777.8 

355.2 

964.0 

44.8 

51.7 

1.1 

40.0 

9 .2  

435.3 

1622.0 

1089.0 

917 .1  

1867 .o 
891.6 

2939 .O 

25.7 

6 6 2 . 2  

110.4 

62.6 

1.4 

0.9 

2 2 . 2 0  l o 3  

5719.0 

286.0 

43.5 

95.5 

5.1 

6.15 l o 3  
28.35 x l o 3  

A 

( a )  A d d i t i o n  o f  deD le ted  U r e q u i r e d  t o  ach ieve  t h i ,  va lue .  
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TABLE 4.7. P o i n t  Beach Reactor  Fue l  Waste f o r  
S C / I C M  Run # 2  ( b a s i s  1 tu) 

Element  

F i s s i o n  
P r o d u c t s  

Ge 

As 

Se 
Rb 

S r  
Y 

2 r  
Mo 

Tc 

Ru 

R h  

Pd 

Ag 
Cd 
I n  

Sn 

S b  

Te 

c s  

Ba 

L a  

~, C e 
P r  

N d  

P m  

Sm 

Eu 

Gd 

Th 

D? 
S u b t o t a l  

A c t i n i d e s  
, ( a '  

NP 
Pu 

Am 

C m  

S u b t o t a l  
TOTAL 

Grams 

0.33 

0.07 

4.65 

307 .O 
758.0 

422.0 

3330.0 
3100.0 

759 .O 
1920.0 

369 .O 
1210.0 

53.7 

69 .1  
1.2 

44.8 

11.4 

502.0 

2240.0 

1420.0 

1140.0 

2230.0 

1080.0 

3680. o 
37 .O 

803.0 

150.0 

91.2 

1 .58  

0.92 

25.7 x l o 3  

4800.0 

426 .O 
40.6 

297 .O 
11.4 

31.3 x l o 3  
5.58 l o 3  

Moles 

0.005 

0.0005 

0.06 

1.80 

8.65 

2.37 

36.51 
32.31 

3.83 

19 .00 

1.79 

11.37 

0.25 

0 .61  

0.01 

0.38 

0.05 

3.93 

8.43 

10.34 

4.10 

15.91 

1.28 

12.76 

0.13 

2.67 

0.49 

0.29 

0.002 

0.003 

6.72 

1.80 

0.17 

1.23 

0.02 

Ox ide  
Formed 

Ge02 

As203 
Se02 

Rb20 

S r O  

'2'3 
Zr02 
Moo3 

Tc207 
Ru02 

Rh203 
P dO 

4 2 0  
C dO 

I n0 

Sn02 

Sb203 
Te02 

B a0 

La203 
Ce02 

Pr6011 

Nd203 

Pm203 

Sm203 

Eu203 

Gd203 

"Z03 

cs20 

Tb407 

"3'8 
NP02 
Pu02 

Am02 

Cm203 

g Ox ide  

0.5 

0.1 
6.5 

335.7 
896.4 

535.9 

4498.0 

4651.0 

1188.0 

2528 .0 

455.0 

1392.0 

57.7 

78.9 

1.4 

56.9  
13.6 

627.9 

2375.0 

1585.0 

1337.0 

2739.0 

1305.0 

4293.0 

43.0 

931.2 

173.7 

105.1 

1.9 

1.1 

32.2 l o 3  

5660.0 
483.5 

46.0 

336.4 

12.5 

6.54 103 
38.7 l o 3  

( a )  A d d i t i o n  o f  d e p l e t e d  U r e q u i r e d  t o  ach ieve  t h i s  v a l u e  

TABLE 4.8. I n e r t  Chemicals Added t o  
HLLW ( k g / t U )  

R u n  # 1  Run # 2  

NaN03 23.67 34.91 

Fe(N03) 9H20 84.55 124.71 

_ _ _ _  Compound 

C r ( N 0 3 ) .  9H20 3.72 5.49 

N i ( N 0 3 )  * 6H20 1.55 1.99 

H3P04(75%) 1.52 2.24 
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Th is  was f o l l o w e d  by  con t inued  concen t ra t i on ,  w i t h  t h e  a d d i t i o n  o f  s t r i p  water  t o  m a i n t a i n  

a cons tan t  a c i d  concen t ra t i on ,  u n t i l  t h e  f i n a l  volumes shown i n  Tab le  4.5 were achieved. 

The c o n c e n t r a t i o n  procedure  was t h e  same f o r  t h e  two runs .  

The c a p a c i t y  o f  t h e  evapora t i on  equipment f a r  exceeded t h e  requ i rements  f o r  t h e  smal l  

ba tches  o f  waste r e c e i v e d  f rom 325-A B u i l d i n g ;  t h e r e f o r e ,  f r e q u e n t  s t a r t u p  and shutdown 

o p e r a t i o n s  were requ i red .  The f e e d  p r e p a r a t i o n  task  was accompl ished w i t h  o n l y  one minor  

problem--foaming i n  t h e  evapora to r .  Th is ,  i n  tu rn ,  caused p lugg ing  i n  t h e  m i s t  e l i m i n a t o r  

i n  t h e  evapora tor  tower.  The foaming and p l u g g i n g  were b e l i e v e d  t o  have r e s u l t e d  f rom a 

r e a c t i o n  o f  t r a c e s  o f  o r g a n i c  w i t h  i r o n .  The a d d i t i o n  o f  an an t i f oaming  reagen t  reduced 

t h e  problem; however, t h e  demis te r  a t  t h e  top  o f  t h e  evapora to r  tower was r e p l a c e d  t w i c e  

d u r i n g  p r o j e c t  o p e r a t i o n s  because o f  excess i ve  p ressu re  drop. 

4.3.2 V i t r i f i c a t i o n  

Concent ra ted  waste f rom t h e  feed  p r e p a r a t i o n  runs  was used f o r  t h e  two ba tch  opera- 

t i o n s  o f  t h e  spray  c a l c i n e r / i n - c a n  m e l t e r  system (SC/ICM); two c a n i s t e r s  o f  g l a s s  were 

produced t o  meet t h e  p r o j e c t  o b j e c t i v e .  A f l o w s h e e t  and m a t e r i a l  ba lance f o r  t h e  S C / I C M  

process are  shown i n  F i g u r e  4.10. The m a t e r i a l  ba lance b a s i s  i s  10 L/h o f  l i q u i d  pumped t o  

t h e  spray  c a l c i n e r  f r o m  TK-114. Th is  is  t h e  nominal  f l o w  f o r  t h e  B -Ce l l  p rocess ing  equ ip-  
ment. S p e c i f i c  f l o w s  f o r  t h e  two v i t r i f i c a t i o n  campaigns exceeded t h i s  b a s i s .  The a g i t a -  

t o r  i n  TK-114 must be opera ted  t o  u n i f o r m l y  suspend t h e  v e r y  f i n e  s o l i d  p a r t i c l e s  i n  t h e  

waste when t h e  f e e d  pump is i n  o p e r a t i o n .  As a consequence, t h i s  tank  has a modera te l y  

l a r g e  hee l  and a l l  o f  t h e  concen t ra ted  waste c o u l d  n o t  b e  pumped t o  t h e  spray  c a l c i n e r  

(compare t h e  uran ium e q u i v a l e n t s  o f  waste i n  Tab les  4.5 and 4.10). 

Opera t i ng  c o n d i t i o n s  f o r  b o t h  v i t r i f i c a t i o n  r u n s  a re  summarized i n  Tab le  4.9. Glass 

c a n i s t e r  d a t a  a re  shown i n  Table 4.10. Run #1 used feed  prepared f r o m  t h e  lower  burnup 

waste, w h i l e  Run #2 had a m i x t u r e  o f  b o t h  lower  burnup and h i g h e r  burnup waste feed. 

The v i t r i f i c a t i o n  r u n s  went smoothly, i n c l u d i n g  o p e r a t i o n  o f  t h e  e f f l u e n t  c leanup sys- 

tpln. One equipment component f a i l e d  d u r i n g  t h e  f i r s t  v i t r i f i c a t i o n  campaign, b u t  i t  was 

n o t  d i scove red  u n t i l  a f t e r  t h e  campaign was completed. A ceramic cap on t h e  feed  nozz le  

f e l l  o f f  sometime d u r i n g  Run #l. A r e t a i n i n g  r i n g  t h a t  shou ld  have been welded had n o t  

been welded i n  p lace ,  so t h e  r i n g  v i b r a t e d  o f f ,  a l l o w i n g  t h e  a i r  cap t o  f a l l  o f f .  W i thou t  

t h e  a i r  cap, e s s e n t i a l l y  no a t o m i z a t i o n  o f  t h e  l i q u i d  feed  occur red ,  r e s u l t i n g  i n  a b u i l d u p  

o f  c a l c i n e  on t h e  lower cone o f  t h e  spray  c a l c i n e r .  Th i s  e x p l a i n e d  a lower - than-expec ted  

g lass  volume i n  Can #l. The m a t e r i a l  was removed f rom t h e  c a l c i n e r  b e f o r e  Run #2. A smal l  

amount o f  t h i s  m a t e r i a l ,  p l u s  some added fr it, was i n  t h e  bo t tom o f  t h e  second c a n i s t e r  
b e f o r e  Run #2 and formed a hee l  o f  waste g lass .  Data shown i n  p r e v i o u s  t a b l e s  i n c l u d e s ’ t h e  

averaged va lues  f o r  m a t e r i a l  i n  t h e  c a n i s t e r .  

A l l  o t h e r  p rocess ing  equipment opera ted  w e l l .  The s i n t e r e d - m e t a l  o f f - g a s  f i l t e r s  

removed t h e  e n t r a i n e d  c a l c i n e  dust w i t h  l i t t l e  f u r t h e r  d rop  i n  p ressure .  F i l t e r s  were 

blown back eve ry  20 min, w h i l e  t h e  c a l c i n e r  b a r r e l  was v i b r a t e d  eve ry  30 minu tes .  Pumps, 

fu rnaces ,  f r i t  feeders ,  and e s s e n t i a l l y  a l l  a u x i l i a r y  equipment opera ted  smoothly d u r i n g  

b o t h  runs .  
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TABLE 4.9. Opera t i ng  C o n d i t i o n s  NWVP Runs #1 & 2 

Cond i t i ons  Run # 1  Run #2 

Feed Concen t ra t i on  (L / tU )  833 760 

Feed HN03 (E) 4.4 6.6 

S o l i d s  Content ( g  ox ide /L )  66 86 

Feed Processed ( L )  806 430 

Average Feed Rate (L /h )  15.7 12.7 

Heat Content (W/L) 1.12 2.05 

A c t i v i t y  ( C i / L )  3 13 526 

, Run Time ( h )  53 33.6 

Average Fuel  Burnup (MWd/tU) 20,400 25,900 

Onstream F a c t o r ( % )  99 96 

TABLE 4.10. NWVP C a n i s t e r  Data - Runs # 1  & 2 

C o n d i t i o n s  

Glass Weight ( k g )  
Glass Volume ( L )  
F i l l  He igh t  (cm) 

F r i t  t o  Ca lc ine  R a t i o  

Glass D e n s i t y  ( g / c c )  

E q u i v a l e n t  Uranium ( t u )  

Decay Hea t (a )  (W) 

A c t i v i t y '  a )  ( C i  ) 

Run #1 
116 
41.3 
137 
4.2:l 
2.8 

0.40 

380 

1.05 l o 5  

Run # 2  

145 

52.9 
175 

2 . 2 : l  
2.7 

0.72 

1012 

2.64 lo5 

( a )  Based on O R I G E N  computer code p r e d i c t i o n s .  

The waste-g lass  c a n i s t e r s  used i n  t h e  i n -can  m e l t i n g  process  were ma in ta ined  a t  1000 
t o  1050°C d u r i n g  t h e  e n t i r e  f i l l i n g  o f  t h e  can. Once t h e  cans were f u l l ,  t hey  were 

f o r c e - c o o l e d  w i t h  a i r  w h i l e  s t i l l  i n  t h e  fu rnace,  u n t i l  t h e  w a l l  tempera tures  were 55OoC 

f o r  a l l  zones; t h i s  p rocess  took about two hours .  The c a n i s t e r s  were h e l d  f o r  s i x  hours  a t  

a w a l l  tempera ture  o f  55OoC. The f u r n a c e  was then  t u r n e d  o f f  and a l l owed  t o  coo l  na tu -  

r a l l y  u n t i l  t h e  can w a l l s  reached 200°C ( 30 hours ) .  A t  t h i s  p o i n t  t h e  c a n i s t e r s  were 

removed f rom t h e  fu rnace  and t r a n s f e r r e d  t o  another c e l l ,  where t h e  l i d s  were t o  be welded 

i n  p lace .  Q u a l i t y  v e r i f i c a t i o n  t e s t s  w i l l  b e  performed as p a r t  o f  another  program a t  PNL. 

4.4 OFF GAS DISCHARGED TO THE ATMOSPHERE 

I n  a d d i t i o n  t o  v e n t i l a t i o n  a i r  f r o m  o t h e r  sources, t h e  325 B u i l d i n g  s tack  d ischarges  

v e n t i l a t i o n  a i r  f r o m  g love  boxes, h o t  c e l l s ,  and t h e  s to rage  v a u l t  i n  t h e  325-A B u i l d i n g  

complex, b u t  n o t  o f f  gas f r o m  A- and C-Ce l l  p rocess  vesse ls .  T h i s  process o f f  gas goes 

A 
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t h r o u g h  t h e  p i p e l i n e  t o  t h e  324 B u i l d i n g  f o r  d ischarge.  A l l  v e n t i l a t i o n  a i r  and process 

o f f  gas genera ted  i n  t h e  324 B u i l d i n g  i s  d ischarged f r o m  t h e  324 B u i l d i n g  s t a c k .  

D u r i n g  t h e  NWVP, b o t h  t h e  324 and 325 B u i l d i n g  s t a c k s  were sampled and analyzed f o r  

r a d i o i s o t o p e  emiss ions .  T h i s  was done t o  ensure t h a t  r e l e a s e s  would be m a i n t a i n e d  "As Low 

As T e c h n i c a l l y  and E c o n o m i c a l l y  P r a c t i c a l "  (ALATEP), and t h a t  any v i o l a t i o n  o f  t h e  r e l e a s e  

l i m i t s  e s t a b l i s h e d  i n  t h e  Process and Env i ronmenta l  S p e c i f i c a t i o n s  would be known and c o r -  

r e c t e d  w i t h i n  t h e  s p e c i f i e d  t i m e  p e r i o d .  The r e l e a s e  l i m i t s  a r e  g i v e n  i n  T a b l e  4.11. , 

TABLE 4.11. Gaseous-Ef f luen t  Release L i m i t s  and 
C o r r e c t i o n  Time 

From E i t h e r  325 o r  324 B u i l d i n o  Stack  

A lpha 

Beta(b)  

L e v e l  I ( ~ )  6 x t o  6 x p C i / c c  

L e v e l  I I ( ~ )  6 x t o  6 x lo-'' p C i / c c  

L e v e l  I I I ( a )  

L e v e l  3 x IO-'' t o  3 x IO-'' u c i / c c  

L e v e l  I I ( ~ )  3 x IO-" t o  3 x p c i / c c  

L e v e l  I I I(~) > 3  x 10-9 p c i / c c  

>6 x lo-'* p C i / c c  

I o d i  ne-129 324 B u i l d i n g  2 x lo-'' p C i / c c  

T r i t i u m  324 B u i l d i n g  15 Ci/week 

325 B u i l d i n g  0.1 Ci/week 

K r y p t o n  No Release L i m i t s  D e f i n e d  

( a )  C o r r e c t i o n  Time: L e v e l  I - 1 week, L e v e l  I 1  - 1 day, 

( b )  E x c l u d i n g  3H and 85Kr a c t i v i t i e s .  
Leve l  I 1 1  - 2 hours.  

The 325 B u i l d i n g  s tack  was sampled f o r  a lpha,  be ta ,  iod ine-129,  and t r i t i u m  i n  t h e  

f o r m  o f  t r i t i a t e d  w a t e r  (HTO). Sampling f o r  t h e  324 B u i l d i n g  s t a c k  c o n s i s t e d  o f  a lpha,  

be ta ,  ind ine-129,  t r i t i u m  (HTO), t r i t i u m  g a s  (HT), and k r y p t o n - 8 5 .  The r e s u l t s  o f  t h e  
ana lyses  o f  these samples a r e  documented i n  Tab les  4.12 and 4.13. The r a t e s  o f  v e n t i l a t i o n  

a i r  d ischarged f r o m  s t a c k s  d u r i n g  NWVP were 3.88 x l o 7  m3/week f r o m  t h e  325 B u i l d i n g  

s tack ,  and 2.71 x 10 m /week f r o m  t h e  324 B u i l d i n g  s tack .  7 3  

TABLE 4.12. Weekly Emiss ions  f r o m  t h e  324 B u i l d i n g  Stack 

Iod ine-129 - T r i t i u m  ( C i )  
(HT) ( HTO ) A lpha ( C i )  Beta ( C i )  ( C i )  ____ 

Weekly 
C o n t r o l  L i m i t  1.63 x 10-6 8.13 x 10-4 5.4 x [(HT) + (HTO)] = 15.0 
Average Weekly 
Release a 9  10-8 ~ 1 . 4  10-7 5.8 10-5 0.023 0.61 
H ighes t  Weekly 
Re 1 ease <8.9 x 10-8 <3.0 x 4.9 x 0.12 2.1 

63 



TABLE 4.13. Weekly Emiss ions  f r o m  t h e  325 B u i l d i n g  Stack 

Iod ine-129 T r i t i u m  (HTO) 
A lpha ( C i )  Beta  ( C i )  ( C i  1 ( C i  1 

L i m i t  2.3 10-6 1.2 10-3 7.8 x 10-4 0.10 

Release ~ 2 . 4  10-7 <7.6 10-7 < 3 . i  x 10-6 <0.01 

Weekly C o n t r o l  

Average Weekly 

A 

Highest  Weekly 
Release 1.4 x 10-6 5.8 x 10-6 8.9 x 10-6 0.13 

4.4.1 A lpha and Beta Measurements 

A l p h a / b e t a - d e t e c t i o n  c a p a b i l i t y  was p r e s e n t  i n  b o t h  b u i l d i n g s  f o r  s tack  emiss ions  

b e f o r e  NWVP went i n t o  o p e r a t i o n .  D u r i n g  t h e  p e r i o d  o f  NWVP o p e r a t i o n s ,  a l p h a / b e t a  e m i s s i o n  

c o n c e n t r a t i o n s  d i d  n o t  exceed t h e  L e v e l  I e n v i r o n m e n t a l  s p e c i f i c a t i o n s .  Towards t h e  end o f  

t h e  p r o j e c t ,  a lpha l e v e l s  i n c r e a s e d  somewhat f o r  t h e  325 B u i l d i n g  s tack,  b u t  d i d  n o t  exceed 

t h e  L e v e l  I s p e c i f i c a t i o n .  It was de termined f r o m  a n a l y s i s  t h a t  t h e  sources o f  a lpha were 

f r o m  t h o r i u m  work i n  t h e  325-8 A n a l y t i c a l  Hot  C e l l s ,  n o t  f r o m  NWVP o p e r a t i o n s .  

4.4.2 Iod ine-129 

A t  t h e  s t a r t  o f  NWVP o p e r a t i o n s ,  b o t h  b u i l d i n g s  had i o d i n e - 1 3 1  d e t e c t i o n  c a p a b i l i t y ,  
and t h i s  was expanded w i t h  t h e  use o f  a d d i t i o n a l  c o l l e c t i o n  media f o r  i od ine-129.  I o d i n e  

emiss ion  l e v e l s  d i d  n o t  exceed t h e  s p e c i f i c a t i o n  o f  2 x lo-'' p C i / c c .  

Iod ine-129 r e l e a s e d  d u r i n g  d i s s o l u t i o n  was absorbed on t h e  d i s s o l v e r  o f f - g a s  s i l v e r  

z e o l i t e  bed ( S e c t i o n  3.3). T o t a l  iod ine-129 r e l e a s e  d u r i n g  t h e  s h e a r i n g  o f  26 ba tches  ( s i x  

spent  f u e l  bund les)  was 930 U C i .  A l a r g e  f r a c t i o n  o f  t h i s  i o d i n e  r e l e a s e  (860 U C i )  o c c u r -  

r e d  d u r i n g  t h e  f i r s t  two d i s s o l v e r  batches, d u r i n g  which s i l v e r  Zeolon@ was used as absorb- 

e n t  bed m a t e r i a l .  P r e v i o u s  a c c i d e n t a l  f l o o d i n g  o f  t h e  bed w i t h  a HN03. UNH s o l u t i o n  d u r -  

i n g  c o l d  t e s t i n g ,  f o l l o w e d  by a wash w i t h  d i s t i l l e d  water,  may have damaged t h e  bed and 

caused t h i s  poor  performance. 

I o d i n e  r e l e a s e  i n  t h e  r e m a i n i n g  24 d i s s o l v e r  runs,  i n  wh ich  s i l v e r  z e o l i t e  was used as 

absorbent  bed m a t e r i a l ,  t o t a l e d  70 U C i .  The b a t c h  average r e l e a s e ,  on t h i s  b a s i s  was 2.3 

V C i  p e r  ba tch .  

4.4.3 T r i t i u m  (HT, HTO) 

T r i t i u m  s tack  sampl ing  was i n s t a l l e d  i n  324 and 325 B u i l d i n g s  f o r  t h e  NWVP opera-  

t i o n s .  T r i t i u m  (HTO) was c o l l e c t e d  by t h e  a b s o r p t i o n  o f  water  vapor w i t h i n  a t r a p .  I n  325 

B u i l d i n g ,  i t  was c o l l e c t e d  b y  t h e  use o f  a s i l i c a  g e l  t r a p ,  whereas i n  324 B u i l d i n g  a mole- 

c u l a r  s i e v e  t r a p  was used. T r i t i u m  gas (HT) i n  t h e  324 B u i l d i n g  s tack was c o l l e c t e d  by 

o x i d i z i n g  t h e  gas w i t h  p a l l a d i u m  and f o r m i n g  water,  which was then absorbed as HTO. The 

r e s u l t s  showed t h a t  d u r i n g  t h e  week o f  1-22-79 t o  1-29-79, t h e  t r i t i u m  (HTO) l e v e l  f r o m  t h e  

325 B u i l d i n g  s t a c k  exceeded t h e  l i m i t  o f  100 mCi/week b y  30 m C i .  The r e q u i r e d  c o r r e c t i v e  

a c t i o n  reduced f u t u r e  r e l e a s e s ,  below t h e  100 rnCi/week ' l i m i t .  

A t  t h i s  t ime,  t r i t i u m  f r o m  t h e  324 

t h e  s t o r a g e  o f  NWVP waste. The l e v e l s  

B u i l d i n g  s tack  i s  showing d e t e c t a b l e  l e v e l s  f r o m  

a r e  c o n s i d e r a b l y  lower  than t h e  env i ronmenta l  

@ R e g i s t e r e d  tradename o f  Nor ton  Company, Akron, OH. 
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s p e c i f i c a t i o n  l i m i t s ,  b u t  p l a n s  are be ing  cons ide red  t o  r o u t i n e l y  sample and analyze t h e  

324 B u i l d i n g  s tack  e f f l u e n t  u n t i l  t h e  waste i s  removed f r o m  t h e  b u i l d i n g .  

4.4.4 Kryp ton-85 

Kryp ton-85 was de tec ted  by the  use o f  a conver ted  T r i t on " .  The T r i t o n  was c a l i b r a t e d  

w i t h  a known amount o f  k ryp ton-85.  It was then  p laced  i n  t h e  324 s tack  b u i l d i n g  w i t h  a 
3 r e p r e s e n t a t i v e  amount o f  s tack  e f f l u e n t  f l o w i n g  th rough i t . A v i s u a l  d i s p l a y  o f  p C i / m  

on t h e  T r i t o n  face ,  p l u s  a c h a r t  reco rde r ,  p r o v i d e d  k r y p t o n  data. A f t e r  t h e  c h a r t  cu rve  

was i n t e g r a t e d  over  a week, t h e  t o t a l  cur ies/week r e l e a s e d  cou ld  be determined. T h i s  da ta  

was c o n s i s t e n t l y  70% o f  t h e  amount expected by  f u e l  ORIGEN-code c a l c u l a t i o n s .  

The Env i ronmenta l  E v a l u a t i o n s  group samples r o u t i n e l y  f o r  k ryp ton -85  i n  t h e  Hanford  

area. Normal background i s  30 t o  35 pCi/m ; d u r i n g  t h e  m n t h  o f  January 1979, i t  rose  t o  

170 pCi/m . No more da ta  i s  a v a i l a b l e  a t  t h i s  t ime  f r o m  t h e  env i ronmen ta l  group. 

3 

3 

4.5 INTERBUILDING PIPELINE 

The performance o f  the  3 /8 - i n .  ( d i s s o l v e r  s o l u t i o n )  and t h e  3 / 4 - i n .  (HLLW) p i p e l i n e s  

i s  summarized i n  Tab les  4.14 and 4.15. I n c l u d e d  are  t h e  p h y s i c a l  p r o p e r t i e s  o f  t h e  two 

so l u  t i ons. 

The e n t i r e  volume o f  d i s s o l v e r  s o l u t i o n  (7800 L )  f r o m  d i s s o l u t i o n  o f  i r r a d i a t e d  f u e l  

was t r a n s f e r r e d  w i t h o u t  i n c i d e n t  t h rough  t h e  3 /8 - in .  l i n e  . i n  28 separa te  ba tches .  Each 

t r a n s f e r r e d  ba tch  was f o l l o w e d  by a 25-L f l u s h  o f  2.5M n i t r i c  ac id .  The t r a n s f e r  r a t e s  

ranged f rom 110 t o  130 L/h, a t  a r e c e i v i n g  tank vacuum o f  -46 t o  - 5 1  crn o f  mercury.  

Approx ima te l y  16,000 L o f  d i l u t e  HLLW i n  22 ba tches  was t r a n s f e r r e d  w i t h o u t  any prob-  

lems th rough t h e  3 / 4 - i n .  l i n e  f rom 325-A B u i l d i n g  t o  t h e  324 B u i l d i n g .  The f l o w  r a t e  

ranged f rom 590 t o  690 L/h.  

0.71 m3/min (25 scfm).  

i n  324 B u i l d i n g ,  was a t  a l l  t imes  i n  excess o f  76 cm o f  water.  There were no i n c i d e n t s  of 

The normal v o l u m e t r i c  f l o w  o f  process o f f  gas th rough t h e  i n t e r b u i l d i n g  p i p e l i n e  was 

Vacuum a v a i l a b l e  i n  t h e  325-A B u i l d i n g ,  p r o v i d e d  by the  a i r  j e t  

TABLE 4.14. Summary 3 /8 - Inch  D i s s o l v e r  S o l u t i o n  
P i p e l i n e  Performance 

T r a n s f e r  Rate (L /h )  

Uranium Concen t ra t i on  (g /L )  

A c i d  Concen t ra t i on  (E) 
Freez ing  - P o i n t  Temperature (OC) 

Volume p e r  T r a n s f e r  ( L )  

Rece iv ing  Tank Vacuum (cm Hg) 

S p e c i f i c  G r a v i t y  (g /cc  a t  28'C) 

Uranium T r a n s f e r r e d  i n  D i s s o l v e r  S o l u t i o n  ( k g )  

Volume o f  D i s s o l v e r  S o l u t i o n  T r a n s f e r r e d  ( L )  

110 t o  130 

310 t o  325 

2.2 t o  2.5 

-10 t o  -1 

275 t o  285 

-46 t o  -51 

1.45 t o  1.50 

2350 

7800 

@ R e g i s t e r e d  tradename o f  Johnson Labora to r ies ,  Inc. ,  Cockeysv i l l e ,  MD. 
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TABLE 4.15. Summary 3/4-Inch H L L W  Pipeline 
Performance 

HLLW Spec i f ic  Gravity 1.06 t o  1.10 
Total Volume HLLW Transferred ( L )  16,000 
Average Flow Rate HLLW (L/hr) 590 t o  690 
J e t  Dilution (volume %) 10 t o  1 2  

high rad ia t ion  i n  monitoring the  off-gas l ine .  Condensation of vapor in the  vent gas l i n e  
did not a f f e c t  the performance of the l i ne .  

During cold t e s t i n g  of the 3/8-in. p ipe l ine  in December and January with uranyl 

n i t r a t e  so lu t ions  used to  simulate d isso lver  so lu t ion ,  the l i n e  was plugged twice with 
frozen U N H .  Each time the l i n e  was f reed  a f t e r  0.5M HN03 was pumped through the  l i n e  
from the  325-A Building. Concentrations o f  uranium and n i t r i c  acid were adjusted to  lower 
the  f reez ing  point t o  - l O ° C ,  and no fu r the r  plugging was encountered. 

A 
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