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ABSTRACT 

High-Level Waste Calcination. Chemical flowsheets f o r  TBP-25 
process waste were completed f o r  t he  ICPP Pot Calciner P i l o t  Plant ,  
and Darex and Purex flowsheets a r e  under preparation.  Design i s  
nearly complete of the  t e s t  pieces and equipment f o r  t he  mechanical 
development program f o r  t h e  radioact ive  p i l o t  p lant ,  which w i l l  
include he l i a r c  welding and mechanical closure t e s t s ,  remote 
mechanical equipment t e s t s ,  and a demonstration of a remote welding 
machine i f  t he  welded s e a l  appears promising. 

Preliminary engineering flowsheets and c e l l  layouts were prepared 
f o r  radioact ive  c e l l  s tud ies  of evaporation and calc inat ion of 
a c tua l  h igh-ac t iv i ty  wastes. Design of several  vessels  was completed 
and fabr ica t ion  s t a r t ed .  

Both t he  600 - l i t e r  batch and 2 5 - l i t e r  continuous evaporation- 
ca lc inat ion equipment operated s a t i s f a c t o r i l y  i n  evaporation 
calc inat ion t e s t s  with simulated Purex and TBP-25 process wastes.  

Vo la t i l i z a t i on  of cesium during evaporation and meltdown of 
a phosphate-lead g lass  (maximum temperature 10000C)containing 
simulated TBP-25 waste oxides was ,< 0.%. I n  a s imi la r  t e s t  
ruthenium was 59.8-0.67% vo l a t i l i z ed  i n  t he  presence of 0-2 moles 
of H3P03 when the  experiment was performed i n  a quartz pot  vs  
47.2-0.11% i n  a s t a i n l e s s  s t e e l  pot. I n  vapor- l i qu id  equil ibrium 
s tud ies  with 0.5-10 M HN03 st 748 rnrn Hg, the  r e l a t i o n  between t he  
logarithms of the  d i s t i l l a t i o n  f ac to r s  of ruthenium and n i t r i c  a c id  
was l i nea r .  I n  the  presence of 1.7 M - A ~ ( N O  )3, the  r e l a t i o n  was 2 approximately l i n e a r  up t o  1 M HNO , but  r u  henium v o l a t i l i t y  increased 
a t  higher a c i d i t i e s .  A t  d i s t i l l a d o n  pressures of 565 and 444 mm Hg, 
ruthenium v o l a t i l i t y  from 1.7 M Al(N03) -4 M HNO was decreased by 3 f a c to r s  of -. 11 and 17, respec$vely. addifion of 0 .1  M H PO 3 decreased t he  ruthenium v o l a t i l i t y  from 12 M HNO and from l.? M 3 - 
A ~ ( N O  ) -2 M HNO3 by f ac to r s  of 420 and 2087 respect ively .  3 3  - 

A g lass  made by evaporating and melting simulated TBP-25 waste 
so lu t ion  2 M i n  NaRgP02 and 0.25 M i n  PbO was leached a t  r a t e s  which 
decreased from 2.1 x 10-6 t o  2.5 x 10-7 g/cm2/day a t  the  end of t he  
f i r s t  and f i f t h  weeks, respect ively .  

I n  a semicontinuous evaporation and calc inat ion t o  1 0 0 0 ~ ~ ~  
a g lass  was formed with a densi ty  of 2.9 g/ml, 1 vol  of g lass  
representing 8 vo l  of waste. About 90% of the  mercury and 24% of 
the  ruthenium were vo la t i l i zed ,  t he  l a t t e r  believed due t o  
equipment malfunction. 

Low-Level Waste Treatment. Af te r  equipment operab i l i ty  and 
operator t r a i n ing  phases of the  low-level waste treatment p i l o t  
p lan t  were completed, th ree  demonstration runs were made, f o r  a 
t o t a l  of 234 h r  operation, on 134,000 g a l  of ORNL t ap  water. 
I n  a run with ORNL process waste water, a t o t a l  of 44,425 ga l  



( r e p r e s e n t i n g  1564 bed volumes) of waste was t r e a t e d  i n  72 h r  of 
continuous process ing .  The ma J o r  contaminants, s t ront ium and cesium, 
were removed from t h e  f eed  by f a c t o r s  of 2956 and 287, r e s p e c t i v e l y .  
Analysis  of p l a n t  e f f l u e n t  samples i n d i c a t e d  a  product t h a t  was 0 .9  
and 0.00% of cu r ren t  MPCw values  f o r  Sr-90 and Cs-137 f o r  a  168-hr 
week. 

A new t i t r a t i o n  procedure f o r  de terminat ion  of t o t a l  hardness 
was developed wi th  a  s e n s i t i v i t y  of 1 ppm vs 20 ppm f o r  t h e  
procedure formerly used. Comparison of t h e  coagula t ion-f loccula t ion  
s t e p s  of t h e  lime-soda and phenol ic  r e s i n  processes  showed 
equi l ibr ium hardness va lues  of 49 and 9.9 ppm, r e spec t ive ly ,  a f t e r  
s e t t l i n g .  Varying t h e  i r o n  added a s  scavenger from 0 t o  10  pprn 
increased  t h e  decontamination f a c t o r  f o r  ruthenium from 9.4 t o  
10.8, bu t  t h e r e  was no f u r t h e r  i nc rease  between 10  and 20 ppm of 
added i r o n .  

Engineering, Economic, and Hazards Evaluat ion.  The amounts of 
f l o o r  a rea  t o  be  mined f o r  t h e  s to rage  of ca lc ined  s o l i d  wastes 
i n  rooms i n  s a l t  depos i t s  were c a l c u l a t e d  f o r  s to rage  of Purex 
and Thorex wastes from a 15,000 MWe (70,000 MWt) nuclear  economy. 
C r i t e r i a  f o r  s to rage  were t h a t  t h e  ca lc ined  s o l i d s  i n  c y l i n d r i c a l  
v e s s e l s  must not  exceed 1 6 5 0 9  ( t h e  maximum c a l c i n a t i o n  temperature)  
and t h a t  t h e  s a l t  su r face  must not  exceed 4 0 0 9 .  For  s to rage  i n  
6 - in . -d i a  vesse l s ,  t h e  minimum decay time from r e a c t o r  d ischarge  
t o  s to rage  i n  s a l t  f o r  a c i d i c  Purex waste i s  about 1.1 years ,  
b u t  r e a c i d i f i e d  Purex, a c i d i c  Thorex, r e a c i d i f  i e d  Thorex, and 
a c i d i c  Thorex g l a s s  could be  s t o r e d  immediately a f t e r  process ing  
(120 days a f t e r  r e a c t o r  d i scha rge ) .  For  s to rage  i n  24-in.-dia  
vesse l s ,  minimum decay times v a r i e d  from 0.63 yea r  f o r  r e a c i d i f i e d  
Thorex t o  8.3 years  f o r  a c i d i c  Purex waste .  Mined space requirements 
v a r i e d  from 14.8 a c r e s l y e a r  wi th  0.33 yea r ' s  decay time t o  
2.25 a c r e s l y e a r  wi th  30 years  ' decay time, a  f a c t o r  of 2.3 l e s s  than  
f o r  s to rage  of l i q u i d  wastes.  

Disposal  i n  Deep Wells.  The f i r s t  f r a c t u r i n g  experiment showed 
t h a t  t h e  method used was capable of developing an e s s e n t i a l l y  
conformable f r a c t u r e  i n  t h e  sha le  under t h e  condi t ions  of t h e  
experiment, and t h a t  t h e  f r a c t u r e  tended t o  fo l low t h e  bedding 
p lane  i n t o  which i t  was i n j e c t e d  d e s p i t e  a  moderately complex 
s t r u c t u r e  of open fo lds ,  small  drag fo lds ,  and minor f a u l t s .  
It a l s o  showed t h a t  t h e  t e s t  method was capable of g iv ing  a  c l e a r  
p i c t u r e  of t h e  l o c a t i o n  and ex ten t  of t h e  f r a c t u r e ,  l i m i t e d  only, 
f o r  p r a c t i c a l  purposes, by t h e  number of t e s t  w e l l s  d r i l l e d  t o  
l o c a t e  t h e  grout .  

Tes t  d r i l l i n g  a t  t h e  s i t e  of t h e  second f r a c t u r e  experiment 
i s  nea r ly  completed and t h e  l a t e r a l  ex ten t  of t h e  grout  shee t s  
appears  t o  be s u f f i c i e n t l y  def ined .  However, t h e  w e l l  now being  
d r i l l e d  i s  encountering t h e  s e v e r a l  key horizons and t h e  upper 
grout  shee t  a t  depths so much shallower than  d i d  t h e  two 
immediately ad jacen t  we l l s  t h a t  a t  l e a s t  one and perhaps a l l  of 



t h e s e  ho le s  must depa r t  considerably from t h e  v e r t i c a l .  U n t i l  t h e s e  
and t h e  o t h e r  t e s t  holes  a r e  surveyed t h e  conclusion t h a t  t h e  
i n j e c t i o n  w e l l  was, b y  chance, d r i l l e d  i n t o  a down-folded o r  down- 
f a u l t e d  block i s  unwarranted. It now appears  t h a t  bo th  t h e  s t r u c t u r e  
of t h e  rock and t h e  shape of t h e  two grout  s h e e t s  i s  much more r e g u l a r  
than  a t  f i r s t  be l i eved .  

A Laboratory subcont rac t  t o  develop waste-cement-clay mixtures  
f o r  d i s p o s a l  by hydrofrac tur ing  has been signed wi th  Westco Research, 
a subs id i a ry  of The Western Company of F o r t  Worth. I n i t i a l l y ,  
Westco proposed t o  s tudy se t - t ime and s e t - s t r e n g t h  c h a r a c t e r i s t i c s  
of var ious  cement-simulated waste mixes and t o  search  f o r  g e l -  
a d d i t i v e s  t h a t  w i l l  g ive  a  pumpable s l u r r y ,  and t h a t  w i l l  a i d  i n  
r e t a i n i n g  radios t ront ium and radiocesium. 

Disposal  i n  Natura l  S a l t  Formations. I t  has been found t h a t  
rock s a l t  samples s h a t t e r  r a t h e r  v i o l e n t l y  when hea ted  i n  a muffle  
furnace t o  temperature of 250-3000C. I f  t h i s  s h a t t e r i n g  occurs  
i n  s a l t  i n  s i t u ,  it may p lace  a n  upper l i m i t  on t h e  a l lowable  s a l t  
temperature r i s e  i n  a pot -ca lc ined  waste s to rage  f a c i l i t y .  A 
t e s t  i n  t h e  Hutchinson mine, wi th  a 5- f t - long 6-in.-dia  c y l i n d r i c a l  
hea t  source bu r i ed  i n  a d r i l l e d  hole  8 i n .  d i a  and 10 f t  deep, i s  
planned t o  i n v e s t i g a t e  t h i s  e f f e c t .  

A computer program w a s  w r i t t e n  t o  determine t h e  gamma r a d i a t i o n  
dose i n  t h e  f l o o r ,  wal l s ,  and c e i l i n g  of rooms i n  which packaged 
s o l i d  wastes  a r e  bu r i ed  i n  t h e  f l o o r .  Resu l t s  f o r  6 - in .  d i a  cans 
conta in ing  2-year-cooled pot -ca lc ined  a c i d  Purex waste, spaced a t  
5 - f t  centers ,  i n d i c a t e  t h a t  t h e  t o t a l  cumulative dose i n  s a l t  
a t  t h e  c e n t e r l i n e  between cans w i l l  be  of t h e  o rde r  of 3 x lo6  rad.  
The program i s  be ing  modified t o  determine t h e  t o t a l  dose i n  s a l t  
immediately surrounding t h e  cans. S a l t  near  t h e  cans w i l l  b e  
i r r a d i a t e d  t o  doses g r e a t e r  than  1 x lo8  r, and some decrease i n  
s t r u c t u r a l  s t r e n g t h  i s  a n t i c i p a t e d ;  however, t h e  bulk  of t h e  
s a l t  i n  t h e  f l o o r  w i l l  no t  be  a f f e c t e d .  

Clinch River  Study. Core samples of bottom sediments taken  
a t  10 equa l ly  spaced i n t e r v a l s  a long f i v e  c ross-sec t ions ,  CRM 4.7, 
7.6, 11.9, 15.3, and 19.2, were submitted t o  t h e  U.S. Geological  
Survey f o r  mineralogic and exchange capac i ty  determinat ions.  The 
r e s u l t s  i n d i c a t e  t h a t  t h e  vermicul i te ,  k a o l i n i t e ,  and i n t e r s t r a t i f i e d  
vermiculite-mica contents  a r e  about  t h e  same i n  t h e  c l ay - s i ze  f r a c t i o n  
of bottom sediments i n  t h e  s tudy reach. Quar tz  i s  t h e  most abundant 
mineral  i n  t h e s e  sediments. The micaceous c l ay  content  i s  g r e a t e r  
downstream from CRM 15.3 than  a t  t h i s  o r  t h e  next  upstream sec t ion .  
The exchangeable magnesium content  and t h e  determined exchange 
capaci ty  of t h e  bottom sediments are nea r ly  cons tant  through t h e  
s tudy reach, b u t  t h e  exchangeable calcium content  i s  g r e a t e s t  near  
t h e  mid s e c t i o n s .  



The S t e e r i n g  Committee he ld  a n  information meeting i n  Oak Ridge 
on October 27 and heard r e p o r t s  on water  sampling and a n a l y s i s ,  
bottom sediments sampling and ana lys i s ,  hydrologic measurements, and 
eco log ica l  s t u d i e s .  These r e p o r t s  w i l l  be  summarized i n  S t a t u s  
Report No. 3 on t h e  Clinch River  s tudy.  Another meeting of t h e  
S t e e r i n g  Committee was he ld  i n  Oak Ridge on November 21, t o  de f ine  
c r i t e r i a  f o r  eva lua t ion  of t h e  s a f e t y  of p re sen t  d i s p o s a l  p r a c t i c e s  
and t o  organize a subcommittee charged wi th  t h e  r e s p o n s i b i l i t y  t o  
conduct t h i s  eva lua t ion .  

Fundamental S tud ie s  of Minerals .  Four s u l f i d e  minerals- 
p y r i t e  ( F ~ s ~ ) ,  cha lcopyr i t e  ( c ~ F ~ s ~ ) ,  c h a l c o c i t e  ( c u ~ s ) ,  and 
s t i b n i t e  (sb2s3)-were i n v e s t i g a t e d  f o r  so rp t ion  of ruthenium. 
Sorpt ion  was q u i t e  high f o r  a l l  minerals  from s y n t h e t i c  waste 
s o l u t i o n  tagged wi th  RU-106 C 1  b u t  low from t h e  unt rea ted  seep 2 s o l u t i o n  of opera t ing  waste p i  s .  Sorpt ion  was increased  when 
Na2S204 was used t o  reduce t h e  ruthenium i n  a n  a l k a l i n e  medium. 
Ruthenium removal from s o l u t i o n  was optimum i n  t h e  pH range 
6 t o  11, where polymeric ruthenium dioxide  i s  a t  a maximum. 

White Oak Creek Study. Temporary water  sampling s t a t i o n s  
have been i n s t a l l e d  a long White Oak Creek and i t s  t r i b u t a r y  streams 
t o  a s s e s s  t h e  r e l e a s e  of rad ionucl ides  t o  t h e  dra inage  b a s i n  and 
t o  desc r ibe  t h e i r  accumulation and t r a n s p o r t  i n  t h e  phys ica l  and 
chemical environment. 

A s tudy of t h e  s t ront ium i n  t h e  creek a t  t h e s e  s t a t i o n s  
i n d i c a t e s :  ( 1 )  i n  general ,  t h e  t o t a l  amount of s t ront ium i n  t h e  
creek v a r i e s  wi th  s tream discharge;  ( 2 )  t h e  amount of sorbed 
stront ium v a r i e s  between 0.5 and 17% of t h e  t o t a l  present ;  
(3 )  t h e r e  i s  a r e l a t i o n  between t h e  percentage of sorbed stront ium 
and t h e  concent ra t ion  of suspended s o l i d s  i n  t h e  creek water;  and 
( 4 )  l e s s  than  5% of t h e  s t ront ium de tec t ed  a t  t h e  s t a t i o n  i n  t h e  
p l a n t  a r e a  i s  due t o  f a l l o u t .  
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1 .0  INTRODUCTION 

Th i s  r e p o r t  i s  t h e  f o u r t h  i n  a  s e r i e s*  of  bimonthly r e p o r t s  
on progress  i n  t h e  ORNL development program, t h e  o b j e c t i v e  o f  which 
i s  t o  develop and demonstrate on a  p i l o t  p l a n t  s c a l e  i n t e g r a t e d  
processes  f o r  t rea tment  and u l t i m a t e  d i s p o s a l  of  r a d i o a c t i v e  wastes  
r e s u l t i n g  from r e a c t o r  ope ra t ions  and r e a c t o r  f u e l  process ing  i n  t h e  
forthcoming nuc lea r  power i n d u s t r y .  The wastes  of concern inc lude  
those  of high,  in te rmedia te ,  and low l e v e l s  of  r a d i o a c t i v i t y  i n  
l i q u i d ,  s o l i d ,  o r  gaseous s t a t e s .  

P r i n c i p a l  cu r r en t  emphasis i s  on high-  and l o w - a c t i v i t y  l i q u i d  
was tes .  Under t h e  i n t e g r a t e d  plan, l o w - a c t i v i t y  wastes,  c o n s i s t i n g  
of ve ry  d i l u t e  s a l t  s o l u t i o n s  such a s  cool ing  water  and cana l  water,  
would b e  t r e a t e d  by scavenging and ion  exchange processes  t o  remove 
r a d i o a c t i v e  c o n s t i t u e n t s  and t h e  water  d i scharged  t o  t h e  environment.  
The r e t a i n e d  waste s o l i d s  o r  s l u r r i e s  would b e  combined wi th  t h e  
h igh - l eve l  wastes .  A l t e r n a t i v e l y ,  t h e  r e t a i n e d  s o l i d s  o r  t h e  
un t r ea t ed  waste  could b e  discharged t o  t h e  environment i n  deep 
geologic  formations.  The h i g h - a c t i v i t y  wastes  would b e  s t o r e d  a t  
t h e i r  s i t e s  of  o r i g i n  f o r  economic pe r iods  t o  a l low f o r  r a d i o a c t i v e  
decay and a r t i f i c i a l  cool ing.  

Two methods a r e  be ing  i n v e s t i g a t e d  f o r  permanent d i s p o s a l  of 
h i g h - a c t i v i t y  wastes .  One approach i s  conversion of  t h e  l i q u i d s  t o  
s o l i d s  by high-temperature "pot" c a l c i n a t i o n  o r  f i x a t i o n  i n  t h e  
f i n a l  s to rage  con ta ine r  ( p o t )  i t s e l f  and s t o r a g e  i n  a  permanently 
d ry  environment such a s  a  s a l t  mine. Th i s  i s  undoubtedly t h e  
s a f e s t  method s i n c e  complete c o n t r o l  of  r a d i o a c t i v i t y  can be  
ensured w i t h i n  p re sen t  technology dur ing  t rea tment ,  shipping,  and 
s to rage .  Another approach i s  d i s p o s a l  of t h e  l i q u i d  d i r e c t l y  i n t o  
s e a l e d  o r  vented s a l t  c a v i t i e s .  Research and development work i s  
planned t o  determine t h e  r e l a t i v e  f e a s i b i l i t y ,  s a f e ty ,  and economics 
of  t h e s e  methods, a l though t h e  major e f f o r t  w i l l  be  p laced  on 
conversion t o  s o l i d s  and f i n a l  s to rage  a s  s o l i d s .  

Tank s t o r a g e  o r  high-temperature c a l c i n a t i o n  of i n t e rmed ia t e -  
a c t i v i t y  was tes  may b e  u n a t t r a c t i v e  because of  t h e i r  l a r g e  volumes. 
Consequently, o t h e r  d i s p o s a l  methods w i l l  b e  s tud ied .  One method, 
e.g., a d d i t i o n  of  s o l i d i f y i n g  agen t s  p r i o r  t o  d i r e c t  d i s p o s a l  i n t o  
impermeable s h a l e  by hydrof rac tur ing ,  i s  under i n v e s t i g a t i o n  a t  
p r e s e n t .  P a r t i c u l a r  a t t e n t i o n  i s  given t o  t h e  engineer ing  des ign  
and cons t ruc t ion  of an experimental  f r a c t u r i n g  p l a n t  t o  d ispose  of 
ORNL i n t e r m e d i a t e - a c t i v i t y  wastes  by  t h i s  method i f  proved f e a s i b l e  

Environmental r e sea rch  on t h e  Clinch River ,  motivated by t h e  
need f o r  s a f e  and r e a l i s t i c  pe rmis s ib l e  l i m i t s  of  waste r e l e a s e s ,  i s  
inc luded  i n  t h i s  program. The o b j e c t i v e  i s  t o  o b t a i n  a  d e t a i l e d  
c h a r a c t e r i z a t i o n  of f i s s i o n  product  d i s t r i b u t i o n ,  t r a n s p o r t ,  and 
accumulation i n  t h e  phys ica l ,  chemical, and b i o l o g i c a l  segments o f  
t h e  environment. 
*Previous : ORNL-CF -61-'(-5, ORNL-TM-15, and ORNL-TM-49 . 



2.0 HIGH-LEVEL WASTE CALCINATION 

The pot  c a l c i n a t i o n  process f o r  convert ing h i g h - a c t i v i t y - l e v e l  
wastes  t o  s o l i d s  i s  be ing  s tud ied  on both  an  engineer ing  and 
l abora to ry  s c a l e  t o  provide design information f o r  cons t ruc t ion  of 
a  p i l o t  p l a n t .  Development work has been wi th  s y n t h e t i c  Purex, 
Darex, and TBP-25 wastes  conta in ing  m i l l i c u r i e  amounts of ruthenium 
bu t  has not  been demonstrated on a c t u a l  h i g h - a c t i v i t y - l e v e l  wastes .  
A genera l  f lowsheet  was shown previous ly  (1). - The chief  e f f o r t  
repor ted  here  was on TBP-25 waste .  

2 . 1  P i l o t  P l a n t  Design 

2.1.1 Chemical Flowsheets (J .  0.  Blomeke, R. M. Beckers, 
E .  J. Frederick,  J .  M .  ~ o l m e s )  

Flowsheets f o r  TBP-25 waste were completed f o r  t h e  ICPP 
Waste Calc ina t ion  P i l o t  P l an t ,  and Darex and h igh - su l f a t e  Purex 
f lowsheets  a r e  be ing  prepared.  Maximum feed, s o l i d s ,  a c i d  product,  
and condensate volumes and maximum system flow r a t e s  have been 
s p e c i f i e d  f o r  a l l  t h r e e  f lowsheets  t o  provide a  b a s i s  f o r  v e s s e l  
s i z i n g .  Major equipment i tems and maximum flow r a t e s  and l i q u i d  
volumes f o r  t h e  ICPP P i l o t  P l a n t  a r e  shown i n  F ig .  2.1. 

2 . 1 2  Mechanical Development (J. 0.  Blomeke, R .  M .  Beckers, 
J .  M .  Holmes) 

The mechanical development program w i l l  be c a r r i e d  out  i n  
t h r e e  phases a t  t h e  Lockheed Nuclear Products  f a c i l i t y  a t  
Georgia Nuclear Labora tor ies :  (1) h e l i a r c  welding and mechanical 
c losure  t e s t s  t o  develop a  permanent s e a l  f o r  t h e  pots ;  ( 2 )  remote 
mechanical equipment t e s t s  t o  demonstrate p o s i t i o n i n g  of t h e  pot  
and connecting it t o  i t s  of f -gas  l i n e ;  and (3) demonstration of a  
remote welding machine i f  t h e  welded s e a l  developed i n  phase 1 
appears  promising. 

Phase 1. The s e a l  weld w i l l  be made a f t e r  thorough purging 
of t h e  assembly with argon and i n s e r t i o n  of t h e  screwed cap. 
The l i p s  of t h e  s e a l  w i l l  be  fused  by automatic  h e l i a r c  welding 
wi th  a  nonconsumable e l ec t rode  and no a d d i t i o n a l  f i l l e r  metal.  
During welding, t h e  assembly ( s i m i l a r  t o  t h e  one shown i n  F ig .  2.2) 
w i l l  be turned  au tomat i ca l ly  by a  t u r n t a b l e  and t h e  e l ec t rode  w i l l  
b e  clamped i n  a  s t a t i o n a r y  pos i t i on .  The weld w i l l  be  p res su re  
t e s t e d  a t  t h e  maximum temperature and p res su re  expected dur ing  
pot  s to rage .  I n  t h e  assembly shown, t h e  th reads  were designed 
t o  t a k e  most of t h e  s t r e s s e s  r e s u l t i n g  from p res su re  bui ldup o f f  
t h e  s e a l  weld. Another assembly has been designed without  t h e  
threads  bu t  wi th  heavier  weld l i p s  t o  t e s t  t h e  s t r e n g t h  of t h e  
weld a lone .  
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Fig. 2.1. ICPP Pot Calcination P i l o t  Plant .  Maximum flow r a t e s  and l i qu id  volumes based on use 
of a L2-in.-dia pot. 
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Fig. 2.2. Test Assembly f o r  Seal- 
Welding of Calciner Pots. 

Fig. 2.3. Grayloc Connector f o r  
Mechanical Closure of Calciner Pots. 



Phase 1 w i l l  a l s o  inc lude  permanent-storage l e a k  t e s t s  of 
mechanical s e a l s  such a s  a  Grayloc ( ~ i g .  2.3). Th i s  connector 
permi ts  s e a l i n g  of t h e  po t  t o  i t s  o f f -gas  l i n e  dur ing  c a l c i n e r  p o t  
f i l l i n g  by means of a t ape red  meta l  r i n g  s e a l ;  t h e  f eed  probe l i n e  
w i l l  b e  s e a l e d  wi th  t h e  smal l  gaske ts  as i n d i c a t e d .  For  permanent 
s torage ,  t h e  Grayloc w i l l  have a  b lank  mating hub i n s e r t e d  a t  t h e  
s e a l i n g  s t a t i o n  and a  screwed clamp a p p l i e d  f o r  permanent s e a l i n g .  
Thermal cyc l ing  w i l l  b e  used i n  t h e  l e a k  t e s t s  t o  s imula te  h e a t i n g  
and cool ing  of t h e  clamp dur ing  permanent s to rage .  

Phase 2 .  A c e l l  mockup w i l l  demonstrate t h e  p o s i t i o n i n g  of a 
po t  c a l c i n e r  p l u s  connect ing it t o  and d isconnect ing  it from i t s  
of f -gas  l i n e .  The po t  w i l l  be  lowered i n t o  t h e  furnace  mounted on 
a  d o l l y  ( ~ i g .  2.4), pos i t i oned  beneath i t s  f i l l i n g  cap, l i f t e d  
a long  wi th  t h e  furnace  b y  jacks mounted on t h e  do l ly ,  and clamped 
t o  i t s  of f -gas  l i n e  by a  screw clamp opera ted  remotely o r  by  a  s h a f t  
ex tending  through t h e  c e l l  wa l l .  A gasketed connector ( ~ i g .  2 .5)  
w i l l  s e a l  t h e  vapor, feed,  and probe l i n e s  from each o t h e r  and t h e  
environment. It inco rpora t e s  t h e  weld des ign  t e s t e d  i n  phase 1 f o r  
permanent s c a l i n g  of t h e  po t s .  The Grayloc connector  ( ~ i g .  2 . 3 ) w i l l  
a l s o  b e  demonstrated. 
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Fig.  2.4. Radioact ive P i l o t  P l a n t  Po t  Ca lc ine r  Arrangement. 
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FEED AND ADDITIVE TUBES 

FILLING CAP 
CONNECT TO 

EXHAUST SYSTEM CALCINER VAPOR LINE 

FLOATING EXHAUST MANIFOLD 

CLAMP ASSEMBLY TEMPORARY CAPS 

SLIDE ASSEMBLY (CAP 
LOADER) CAP RELEASED 

I 

G 

CONNECTOR GASKET 

GUIDE PIN (ALSO SERVE 1-in.-THICK HIGH-TEMPERATURE 
AS POT LIFTING LUG) RIGID INSULATION 

POT SUPPORT RING 
ON TOP OF FURNACE 

POT CALCINER VESSEL 

Fig. 2.5. Gasketed Connector Assembly f o r  Calciner Pots. 



A f t e r  t h e  pot  has been f i l l e d ,  t h e  clamp w i l l  be opened and t h e  
pot  and furnace  lowered s l i g h t l y .  During t h i s  ope ra t ion  a i r  from 
exhaust p o r t s  i n  t h e  connector assembly w i l l  sweep a c r o s s  t h e  s e a l  
f a c e  t o  prevent  c e l l  contamination. A temporary meta l  p l a t e  cap 
w i l l  be  dropped on t o p  of t h e  po t  connector by means of t h e  s l i d e  
mechanism. The pot  and furnace  w i l l  then  be  lowered t o  t h e  mobile 
p o s i t i o n  and moved t o  t h e  s e a l i n g  s t a t i o n ,  where a  permanent s e a l  
w i l l  be  a t t ached .  The connector i n  F ig .  2.5, which inco rpora t e s  
t h e  welded cap des ign  f o r  permanent c losu re  shown i n  F i g .  2.2, w i l l  
a l s o  be  modified t o  permit i n s t a l l a t i o n  and t e s t i n g  of a  permanent 
gasketed s e a l .  A f t e r  be ing  sea l ed  i n  t h e  r a d i o a c t i v e  p i l o t  p l an t ,  
t h e  po t s  w i l l  be  removed from t h e  furnace  and s t o r e d  f o r  observa t ion  
of p re s su re  and temperature bui ldup.  A vent  on t h e  caps w i l l  permit  
r e l i e f  of any excess pressure  t h a t  may b u i l d  up. 

2.2 Design of Radioact ive-Cell  Equipment ( H .  0 .  Weeren and 
J .  0. Blomeke) 

Equipment w i l l  be  i n s t a l l e d  i n  a  ho t  c e l l  t o  s tudy f i s s i o n  
product v o l a t i l i t y  dur ing  evaporat ion and c a l c i n a t i o n  of a c t u a l  
h i g h - a c t i v i t y  wastes  from t h e  Idaho Chemical Process ing  P l a n t  and 
Hanford. The i n s t a l l a t i o n  (2 ,3 )  - - i s  expected t o  y i e l d  information 
p e r t i n e n t  t o  r ad ioac t ive  p i l o t  p l a n t  design and opera t ion  which 
cannot be  obtained wi th  s y n t h e t i c  wastes .  

Pre l iminary  engineering f lowsheets  and l ayou t  were prepared.  
Designs of t h e  t r a n s f e r  tank, feed  tank, condensate ca tch  tank, 
s e a l  pot,  and scrub l i q u o r  ca tch  tank were completed, and 
cons t ruc t ion  of some of t h e s e  v e s s e l s  and of t h e  s h e l l  of t h e  
c a l c i n e r  furnace  was s t a r t e d .  

Waste s o l u t i o n s  w i l l  b e  t r a n s f e r r e d  by a i r  l i f t s .  L iquid  s e a l s  
w i l l  be  used t o  i s o l a t e  t h e  c a l c i n e r  pot ,  condenser, and scrubber  
from t h e  r e s t  of t h e  system so  t h a t  t h e s e  v e s s e l s  can be kept  under 
a  n i t r i c  oxide gas b lanket  dur ing  operat ion,  i f  des i r ed .  S ince  t h e  
feed  r a t e  t o  t h e  c a l c i n e r  pot  i s  below t h e  capaci ty  of even t h e  
sma l l e s t  a i r  l i f t ,  p rovis ion  i s  be ing  made t o  use two a i r  l i f t s ,  
one working a g a i n s t  t h e  o t h e r  so t h a t  t h e  d i f f e r e n c e  i n  c a p a c i t i e s  
w i l l  flow t o  t h e  po t .  

2 .3  Engineering-Scale S tudies  (J.  C .  Suddath, C. W .  Hancher, 
L. J .  ~ i n g )  

Tes ts ,  repor ted  i n  pre l iminary  form previously,  on s imulated 
Purex and TBP-25 waste were made i n  t h e  l a r g e  (600 l i t e r )  ba tch  
evapora to r -ca l c ine r  system and i n  t h e  smal l  (25 l i t e r )  continuous 
system  a able 2 . 1 ) .  Control  of both  systems was good except  f o r  
f e e d  l i n e  plugging a t  high concent ra t ions .  The boi l -up  r a t e  of 
t h e  continuous evaporator  was i n s u f f i c i e n t  a t  t h e  peak r a t e  f o r  t h e  
Purex flowsheet,  b u t  t h i s  has been co r rec t ed .  X i t h  prolonged 
feeding  t ime average f eed  r a t e s  decreased, b u t  t h e  bulk  d e n s i t y  of 
t h e  ca lc ined  s o l i d s  increased .  An economic s topping  p o i n t  may b e  
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determined by ba lancing  opera t ing  time a g a i n s t  b a s i c  f i x e d  c o s t .  
Ruthenium v o l a t i l i z a t i o n  was n e g l i g i b l e .  I n  f i v e  t e s t s  i n  which 
s t a b l e  ruthenium was added t o  t h e  feed,  ruthenium i n  t h e  evaporator  
condensate was below a n a l y t i c a l  d e t e c t i o n  except  dur ing  minor 
upsets  a t  t h e  s t a r t  of each t e s t .  

Data from Hanford ( 4 )  i n d i c a t e  a phosphate concent ra t ion  of t h e  
order  of 0.01 M i n  their-IWW waste, and a s  much a s  120 ppm of TBP 
and organic  d i i u e n t  i n  t h e i r  tank  farm condensates ( 5 ) .  The a d d i t i o n  
of 1 m l  of MBP and DBP per  l i t e r  of waste t o  t h e  evaporat ion-  
ca l c ina t ion  f eed  caused severe  foaming and entrainment,  r e s u l t i n g  i n  
lower average f eed  r a t e s   a able 2 .1) .  I n  l abora to ry - sca le  t e s t s ,  
bo th  SAG-470 and Dow-Corning Anti-Foam A s i l i c o n  a d d i t i v e  broke 
t h e  foam s a t i s f a c t o r i l y  a t  o r  nea r  t h e  s o l u t i o n  b o i l i n g  temperature, 
b u t  v o l a t i l i z e d  a s  t h e  s o l u t i o n  was concentrated t o  about one - th i rd  
i t s  o r i g i n a l  volume. Other ant i -foaming agen t s  w i l l  be  t r i e d .  

Severe forming may not  b e  encountered i n  c a l c i n a t i o n  of ICPP 
TBP-25 waste.  A 15-ml sample of waste from t h e i r  tank  WM-185, 
examined a t  ICPP, showed no apprec iable  foaming when evaporated 
t o  dryness i n  a 50-ml graduate al though simulated 1-P-25 waske 
doctored wi th  DBP produced cons iderable  amounts of foam. 

2.4 Laboratory-Scale F i x a t i o n  i n  Glasses (w.  E .  Clark, H. W .  Godbee) 

A l l  t h e  l abora to ry  s t u d i e s  were made wi th  s imulated TBP-25 
process waste so lu t ion :  1.72 M ~ 1 3 + ,  0.003 M - ~ e ~ ' ,  0.02 M H ~ ~ + ,  
0.05 M NH~, 0 .1  M Nai, 1 .26 M ?f+, 6.6 M N O j .  Glasses were formed 
by evaporat ion 07 l i q u i d  from t h e  s o l u t i o n  followed by c a l c i n a t i o n  
t o  100oOc. 

2.4.1 Cesium V o l a t i l i t y  

Cesium v o l a t i l i t y  probably w i l l  no t  be a problem i n  formation 
of a g l a s s  from waste containing s u f f i c i e n t  a c i d  oxides such a s  

P205. Gamma s c i n t i l l a t i o n  counting showed t h e  presence of 0.03% 
o r  l e s s  (background counting l e v e l )  of t h e  o r i g i n a l  Cs-137 i n  . the 
evaporator  condensate and 100.2% i n  a n  aqua r e g i a  s o l u t i o n  of t h e  
s o l i d  product and s t a i n l e s s  s t e e l  conta iner  d i s so lved  i n  t o t o .  
I n  these  experiments s imulated waste conta in ing  0 .1  pc of 
Cs-137 t r a c e r  per  m i l l i l i t e r  was evaporated and ca lc ined  i n  smal l  
quar tz  equipment ( ~ i g .  2.9 i n  r e f .  1) with  a 100-ml s t a i n l e s s  s t e e l  
beaker  f o r  a pot  and a furnace i n s t e a d  of hea t ing  mantle.  As 
glass-forming and f l u x i n g  agents ,  2.0 moles of NaH2P02 and 0.25 
mole of PbO were added p e r  l i t e r  of waste.  

2 . 4 2  Ruthenium V o l a t i l i t y  

Operation i n  t h e  presence of r e l a t i v e l y  smal l  concent ra t ions  
of phosphite  and a t  low n i t r i c  a c i d  concent ra t ions  and decreased 
p res su re  should minimize ruthenium v o l a t i l i t y  dur ing  evaporat ion-  
ca l c ina t ion .  I n  a s e r i e s  of evapora t ion-f ixa t ion  experiments i n  



which 0-2 moles of H PO p e r  l i t e r  was added t o  t h e  waste, ruthenium 
i n  t h e  condensate va?iez from 59.8 t o  0.67% of t h e  o r i g i n a l  when 
a quartz  po t  was used and from 47.2 t o  0.11% when a s t a i n l e s s  s t e e l  
pot  was used. A t  f i x e d  phosphorous a c i d  addi t ion ,  t h e  ruthenium 
i n  t h e  condensate was a f a c t o r  of 1.3-6.3 l e s s  with t h e  s t a i n l e s s  
s t e e l  po t  than  with t h e  quar tz  ( ~ i ~ .  2.6) ,  probably because of 
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Fig. 2.6. V o l a t i l i z a t i o n  of  Ruthenium During Evaporation-Calci- 
na t ion  of  Simulated TBP-25 Process Waste a s  a Function of  Amount of  

Acid Added. 
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p l a t i n g  out of ruthenium on t h e  s t a i n l e s s  s t e e l .  Small quar tz  
equipment was used ( ~ i g .  2.9 i n  r e f .  1) with a 200-ml s t a i n l e s s  
s t e e l  o r  quar tz  pot  and a furnace ins t ead  of hea t ing  mantle. The 
simulated waste contained 0.184 mg/ml of s t a b l e  ruthenium and 
0 .1  pc/ml of RU-106 t r a c e r .  The condensate was analyzed f o r  RU-106 
by. gamma s c i n t i l l a t i o n  counting. I n  previous s t u d i e s  t o  about 
500 '~  t h e  ruthenium i n  t h e  res idue  d issolved i n  HC1, b u t  t h a t  i n  
t h e  1 0 0 0 ~ ~  res idue  has r e s i s t e d  d i s s o l u t i o n  by bases and non- 
ox.idizing a c i d s .  The g r e a t e r  d i f f i c u l t y  i n  d i s so lv ing  ruthenium 
deposi ted a t  h igher  temperatures has a l s o  been observed a t  Hanford ( 6 ) .  - 



I n  Gi l l e sp ie  s t i l l  s tud ies  ruthenium v o l a t i l i t y  from 0.5-10 M 
HNO solut ions  containing only 0.002 M RuC13 (3.7-4.0 x 105 c/m/mi i Ru- 06 t r a c e r ,  equivalent  t o  1 pc/ml)-was a funct ion of the  n i t r i c  
a c i d  v o l a t i l i t y  (Fig .  2.7, Table 2 .2) .  A t  atmospheric pressure  
(744-752 mm ~ g )  t h e  ruthenium v o l a t i l i t y  was described f a i r l y  
accura te ly  by the  empirical  equation 

M Ru i n  d i s t i l l a t e  - - - 

log M R U  i n  so lu t ion  
= 1.04 l o g  M HN03 i n  d i s t i l a t e  - 2.23 - - 

A c t i v i t i e s  i n  t h e  d i s t i l l a t e  va r ied  from 9 c/m/ml a t  0.5 M - 
o r i g i n a l  a c i d  t o  1.21 x 105 c/m/ml a t  10 M o r i g i n a l  ac id .  However, 
from 12 M HN03, ruthenium v o l a t i l i t y  abrupt ly  increased, i n  genera l  
agreement with Idaho's r e s u l t s  (7 ) ,  and two l a y e r s  formed i n  the  
undisturbed d i s t i l l a t e ,  the  upper one orange colored with 
9.1 x 105 c/m/ml of RU-106 and t h e  lower dark with 1 . 5  x 105 c/m/ml. 

Ruthenium v o l a t i l i t y  from 1.7 M A ~ ( N o ~ ) ~  containing n i t r i c  a c i d  
was s imi la r  t o  t h a t  from p l a i n  n i t r i c  a c i d  solut ions  a t  added a c i d  
concentrations up t o  - 1.0 M but  increased rap id ly  a t  h igher  a c i d i t i e s  
(Fig .  2.7) . The g rea te r  v o l a t i l i t y  may be due t o  t h e  h igher  b o i l i n g  
points  of t h e  concentrated s a l t  so lu t ions ,  s ince  lowering t h e  
equil ibrium d i s t i l l a t i o n  temperature of 1--7 M A ~ ( N O  - 4 M HNO3 3) 3 from 1 1 5 0 C  t o  108 and 101 . ~ O C ,  by decreasing-the pressure from 
atmospheric t o  565 and 444 mm Hg, respect ively ,  decreased the  
ruthenium v o l a t i l i t y  from 4.97 x lo4 c/m/ml t o  4.53 x 103 and 
2.96 x 103 c/m/ml. 

The r e l a t i o n  between ruthenium and n i t r i c  a c i d  v o l a t i l i t i e s  
(Figs .  2.8 and 2.9) ind ica tes  the  advantage of opera t ion a t  low 
a c i d i t y ,  although the re  i s  no apparent threshold  f o r  ruthenium 
v o l a t i l i t y  from solut ions  t h a t  y i e l d  d i s t i l l a t e s  between about 
0 .1  and 8 M i n  m03. Separat ion of n i t r i c  a c i d  from ruthenium 
increases  rap id ly  when t h e  feed a c i d i t y  i s  < 2 M (Fig .  2.10), 
but  t h e  concentrat ion of n i t r i c  a c i d  d i s t i l l e d  decreases rapidly  
i n  t h i s  range and w i l l  be 1 M - o r  l e s s  from solut ions  1.7 M i n  - 
AI(NOJ)  a able 2.2) . 

The add i t ion  of 0.1 M phosphorous a c i d  t o  12  M HNO3 18 h r  
p r i o r  t o  d i s t i l l a t i o n  lowered the  ruthenium v o l a t i l i t y  from 
2.78 x 105 t o  662 c/m/ml and t h e  n i t r i c  a c i d  i n  the  d i s t i l l a t e  
from 8.65 t o  7.68 M .  A s imi la r  add i t ion  t o  1.7 M A ~ ( N o ~ ) ~  - 
2 M HNO immediately p r i o r  t o  d i  t i l l a t i o n  lowered the  ruthenium 
in-the z i s t i l l a t e  from 1.77 x 10' t o  85 c/m/ml. 

2.4.3 Cesium Leaching 

From t h e  phosphate-lead g l a s s  containing TBP-25, t h e  leaching 
r a t e  of the  g lass  decreased from 2.1 x 10-6 g/cm2/day a t  t h e  
end of t h e  f i r s t  week t o  2.5 x 10-7 g/cm2/day a t  t h e  end of 



Table 2.2. Volatilization of Ruthenium from Ni t r ic  Acid Solutions 

(Al l  feed solutions 0.002 M - in Ru, -1  yc ~ u - l 0 6 / m l ; ~  feed vol 130 rnl; distillate vol 9 ml) 

- -  - -  - -  - - -  

H N 0 3  i n  AI(N03)3 H N 0 3  in H N 0 3  in H N O ~  Ratio of Distillation Factors Temperature (OC) 
Feed in  Feed Va  or Liquid Disti I lation Factor, Ru-106 in Feed Ru-106 in Vapor Ru-106 in Liquid Ru Distillation Factor, HN03(V) Ru(V) Equilibrium St ;  l l Pressur 
( M) ( M) ( M) (M) HNO3(V)/HNOR(L) (lo5 counts/rnin.ml) (c/rnin.rnl) (lo5 c/rnin.ml) Ru(V)Au( L) HN03(L) 1~ (Still Head) Pot (mm H 
0.5 0 0.005 0.54 9.31 x 3.70 9 3.97 2.27 x lom5 4 10 100 10 1 -74 
1 0 0.022 2.15 1.02 x 1 0 ' ~  3.94 4 8 4.23 1.13 x 90.3 102 103 -74 
4 0 0.23 4.30 5.35 x 1 0 ' ~  3.85 570 4.14 1.38 x 10'3 38.8 104.5 105.5 -74 
6 0 0.79 6.39 0.124 3.88 1.67 x lo3 4.04 4.14 x lom3 30.7 107.5 109 -74 
8 0 2.5 1 8.4 1 0.298 3.87 6.67 x lo3 4.15 1.61 x 1 0 ' ~  18.5 11 1.5 113 -74 

- - - - - - - - - 

'1 ycurie of Ru-106 gave 3.7 x lo5 c/m.rnl on the counter used. 

b~rorn pH measurement of AI(N03)3 solution at room temperature, no added acid. 
C 
Contained 0.1 M - H3P03. 





Fig. 2.8. V o l a t i l i z a t i o n  of Ruthenium from N i t r i c  Acid Solut ion 
a s  a Function of N i t r i c  Acid Concentration ( 9  m l  of D i s t i l l a t e  pe r  
130 m l  of Feed) . 
t h e  f i f t h  week. This corresponds t o  4.9 x 1 0 - ~ a n d  5.5 x 10-5 of 
t h e  o r i g i n a l  Cs-137 leached i n  t h e  f i r s t  and f i f t h  weeks, respect ively .  
These r e s u l t s  compare favorably with those obtained a t  Harwell (8) - 
with s i l i c a t e - b o r a t e  g lasses  containing approximately t h e  same 
percentage of oxides from waste but  a r e  about one order of magnitude 
higher than t h e  r e s u l t s  a t  Chalk River (9)  with nepheline syeni te-  
lime glasses  containing about one-third t h i s  amount of waste oxides. 

The g lass  was made from 500 m l  of waste so lu t ion  containing 
2.0 moles of NaH2P02 and 0.25 mole of PbO p e r  l i t e r  and 0.082 pc of  
Cs-137 per  m i l l i l i t e r  of waste. The mixture was evaporated t o  
dryness, heated t o  about 10000C, and cooled slowly t o  room temperature. 
A 73.5-g sample of the  glass,  densi ty  2.84 g/ml, containing 26 w t  $ 
waste oxides including 0.23 pc of Cs-137 per  gram, was used. 
I t s  surface area,  ca lcula ted  from ex te rna l  dimensions, was 61  em2. 
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Fig. 2.9. Relation Between Ruthenium and Nitric Acid Distillation 
Factors. Distillation factor = the ratio CV/CL, where CV and C L  are 
the concentrations of one component in the vapor (distillate) and thick 
liquor, re spec tively . 



The sample was leached i n  a polyethylene c e l l  conta in ing  
500 m l  of d i s t i l l e d  water,  which was c i r c u l a t e d  through t h e  system 
a t  100 rnl/min volumetr ic  (1 .5  cm/min l i n e a r )  flow r a t e .  The water  
was completely rep laced  each week. I n  c a l c u l a t i n g  leaching  r a t e s ,  
it was assumed t h a t  t h e  a c t i v i t y  i s  uniformly d i s t r i b u t e d  throughout 
t h e  g l a s s .  

2.4.4 Semicontinuous Glass  Formation 

Glass  was produced by semicontinuous evaporat ion,  ca l c ina t ion ,  
and hea t ing  t o  1 0 0 0 ~ ~  of a s imulated TBP-25 waste s o l u t i o n  t o  which 
2.0 moles of NaH2P02 and 0.25 mole of PbO p e r  l i t e r  had been added 
(F ig .  2 . 1 1  . The product,  wi th  a dens i ty  of - 2.9 g/cm3, 1 v o l  of 
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Fig. 2.10. Ra t io  Between N i t r i c  Acid and Ruthenium D i s t i l l a t i o n  
Fac tors  a s  a Funct ion of N i t r i c  Acid Concentrat ion i n  Feed. 

g l a s s  r ep resen t ing  8 v o l  of waste, compares favorably  wi th  t h e  
3 product of a ba t ch  experiment, which had a d e n s i t y  of 2.84 g/cm , 

1 v o l  of g l a s s  r ep resen t ing  8.1 v o l  of waste .  However, a s  shown 
by neutron a c t i v a t i o n  analyses,  22.7, 1.4, and 0.5% of t h e  
o r i g i n a l  ruthenium appeared i n  t h e  condensate, t h e  l i q u i d  from t h e  
packed absorber ,  and t h e  l i q u i d  i n  t h e  gas r e c i r c u l a t i o n  j e t ,  while  
i n  t h e  ba tch  experiment only 0.68% of t h e  o r i g i n a l  ruthenium was i n  
t h e  condensate and 0.05% o r  l e s s  i n  t h e  o f f -gas  scrub l i q u i d .  F u r t h e r  
work on ruthenium v o l a t i l i t y  i s  planned. 
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Fig. 2.11. Phosphate-Lead Glass Incorporating Simulated TBP-25 
Waste Oxides. Additives: 2.0 moles of NaH2P02 and 0.25 mole of PbO 
per liter of waste. 



The experiment was performed i n  previous ly  decr ibed  equipment 
(F ig .  6.2 i n  r e f .  10)  c o n s i s t i n g  of a 2 1  x 4- in . -d ia  s t a i n l e s s  s t e e l  
pot  i n  a 9-kw furnace, a downdraft condenser, packed absorber  column, 
polyethylene expansion bag, and gas r e c i r c u l a t i o n  j e t .  Feed was 
pumped i n  a t  a r a t e  of about  45 ml/min wi th  t h e  l i q u i d  l e v e l  i n  t h e  
po t  gradual ly  r i s i n g  from about 6 i n .  above t h e  bottom t o  about  
4 i n .  from t h e  t o p  dur ing  t h e  feeding.  

The high ruthenium v o l a t i l i t y  may b e  explained, a t  l e a s t  i n  
pa r t ,  by  l e a k s  t h a t  developed when t h e  t h r e a d  l u b r i c a n t  i n  t h e  
f i t t i n g s  screwed on t h e  t o p  of t h e  pot  burned ou t  a t  h igh  
temperatures; welded connections w i l l  be  used i n  t h e  next  experiment. 
Since t h e  po t  was operated under vacuum (about  4 i n .  R20), a i r  w a s  
sucked i n t o  t h e  p o t  and could have formed t h e  v o l a t i l e  ruthenium 
t e t r o x i d e  a t  temperatures  about 600' (11). Mercury i n  t h e  condensate, 
l i q u i d  from t h e  packed absorber ,  and l i q u i d  from t h e  gas r e c i r c u l a t i o n  
j e t  amounted t o  78.9, 10.2, and 1.5%) r e spec t ive ly ,  of t h e  o r i g i n a l  
mercury. 

3.0 LOW -LEVEL WASTE TREATMENT 

A scavenging-ion exchange process (12-14) -- i s  be ing  developed 
f o r  decontaminating t h e  l a r g e  volumes of s l i g h t l y  contaminated 
water  produced i n  nuclear  i n s t a l l a t i o n s ,  w i th  ORNL low-ac t iv i ty  
waste  a s  t h e  medium f o r  s tudy.  Phenolic  c a t i o n  exchange r e s i n s ,  
which have a C S / N ~  s epa ra t ion  f a c t o r  of up t o  160 compared t o  
1 . 5  f o r  s u l f o n i c  and which a l s o  sorb  strontium, a r e  used i n  t h e  
column. The s o l u t i o n s  a r e  c l a r i f i e d  p r i o r  t o  i o n  exchange s ince  
i o n  exchange r e s i n s  do not  remove c o l l o i d a l  m a t e r i a l s  e f f i c i e n t l y .  

3.1 P i l o t  P l a n t  (R .  E .  Brooksbank, J. 0. Blomeke, W .  T. McDuffee, 
J .  M .  Holmes, W .  R .  whitson)  

Cons t ruc t ion  of a 10-gpm p i l o t  p l a n t  f o r  t h e  scavenging-ion 
exchange process w a s  completed (Figs.3.1-3.3) .  The major 
equipment i tems a r e  t h e  f l a s h  mixer, f l o c c u l a t o r ,  c l a r i f i e r ,  
s ludge f i l t e r ,  and ion  exchange columns. Three shakedown runs  
were made f o r  a t o t a l  of 234 h r  operat ion,  wi th  134,000 g a l  of 
ORNL t a p  water,  and a 73-hr continuous f u l l - s c a l e  run  was made 
i n  which a t o t a l  of 44,425 g a l  of ORNL process  waste,  r ep resen t ing  
1564 bed volumes, was t r e a t e d .  The chief  cons t i t uen t s ,  s t ront ium 
and cesium, were removed from t h e  f eed  by f a c t o r s  of 2956 
and 287, r e s p e c t i v e l y .  

Cold Operab i l i t y  T e s t s .  Repeated plugging of  t h e  NaOH pump 
by f o r e i g n  m a t e r i a l  i n  t h e  commercial 19 M c a u s t i c  was e l iminated  
by using rayon-grade c a u s t i c  and d i lu t ing - i t  i n  t h e  pump head 
tank.  





Fig. 3.2. Control Panel f o r  Low-Level P i l o t  Plant. 



Fig. 3 . 3 .  Ion Exchange Equipment f o r  Low-Level P i l o t  Plant .  



The c l a r i f i e r  was operated a t  flows of 5-12 gprn. An i n n e r  
cone t h a t  had been i n s t a l l e d  proved imprac t i ca l  compared t o  t h e  
f low-diver t ing  b a f f l e  a s  o r i g i n a l l y  designed. With t h e  cone, 
hardness and t u r b i d i t y  of t h e  e f f l u e n t  overflowing t h e  c l a r i f i e r  
were both a  f a c t o r  of 5 h igher  than  wi th  u n r e s t r i c t e d  sludge, and 
a n  adequate s ludge b lanket  could not  be maintained even a t  h a l f  
t h e  design flow r a t e .  The 1 .5 - in .  Sch 40 s t e e l  p ipe  between t h e  
f l o c c u l a t o r  and c l a r i f i e r  was rep laced  wi th  a  2- in . - i .d .  c a u s t i c -  
r e s i s t a n t  s t e e l - r e i n f o r c e d  rubber  hose t o  decrease  l i n e  r e s i s t a n c e  
and prevent  t h e  f l o c  from breaking i n t o  smal le r  p a r t i c l e s .  

I n i t i a l  t e s t s  wi th  t h e  Permuti t  sand- and a n t h r a c i t e - f i l l e d  
po l i sh ing  p res su re  f i l t e r s  i nd ica t ed  t h a t  f i l t r a t i o n  t imes of 
40-72 h r  can be  expected be fo re  excessive p res su re  drops w i l l  
n e c e s s i t a t e  backwashing of t hese  u n i t s .  The a n t h r a c i t e  f i l t e r  
performed s u i t a b l y ,  a l though t h e  t u r b i d i t y  of t h e  e f f l u e n t  from 
it was 2  pprn a s  opposed t o  0 . 3  pprn f o r  t h e  sand f i l t e r  dur ing  one 
t e s t  per iod .  

Of t h r e e  methods t e s t e d  f o r  f i l t e r i n g  t h e  contaminated s ludge 
from t h e  bottom of t h e  c l a r i f i e r  ves se l ,  p re s su re  f i l t r a t i o n  wi th  
a n  Eimco l e a f  f i l t e r  was t h e  e a s i e s t  t o  ope ra t e .  However, vacuum 
f i l t r a t i o n  wi th  an  Ol ive r  r o t a r y  drum u n i t  (F ig .  3.4) was s e l e c t e d  
f o r  r ad ioac t ive  opera t ion  because of t h e  h e a l t h  hazard involved 
i n  d i r e c t  handling of t h e  s ludge wi th  t h e  l e a f  f i l t e r .  Decantat ion 
wi th  t h r e e  ??-ga l  drums i n  s e r i e s  was used dur ing  t r a n s i e n t  
opera t ion .  

The r o t a r y  drum f i l t e r  performed s p o r a d i c a l l y  dur ing  both 
cold  t e s t i n g  and h o t  operat ion,  b u t  s a t i s f a c t o r i l y  f o r  24 h r  
during t h e  l a t t e r  p a r t  of t h e  co ld  t e s t i n g .  The f a i l u r e  dur ing  
t h e  h o t  runs was probably t h e  r e s u l t  of t h e  sc rape r  b lade  be ing  
loose  and pushed s l i g h t l y  away from t h e  precoated sur face ,  
pe rmi t t i ng  a n  impervious 1116-in. - t h i ck  l a y e r  of sludge t o  form 
on t h e  precoat ing  ma te r i a l .  This  was discovered on inspec t ion  of 
t h e  appara tus  a f t e r  t h e  hot  runs .  The average sludge withdrawal 
r a t e  from t h e  c l a r i - f i e r  was 2 . 1  gprn, which produced 0.5 l b  pe r  
hour of sludge cake containing 75 w t  % water .  This  was only 25% 
of t h e  t h e o r e t i c a l  s ludge formation r a t e ;  however, t h e  l e v e l  of 
t h e  s ludge b lanket  remained f a i r l y  cons tant  i n  t h e  c l a r i f i e r .  

No major d i f f i c u l t i e s  were encountered wi th  e i t h e r  t h e  10-  
i n . - d i a  8 - f t -h igh  o r  18- in . -d ia  32-in.-high r e s i n  columns during 
co ld  t e s t i n g .  Flowing stream hardness t i t r a t i o n s  ind ica t ed  no 
calcium breakthrough. 

ORNL Process Waste. From ORNL waste water,  t h e  major 
contaminants, s t ront ium and cesium, were removed by f a c t o r s  
of 2956 and 287, r e spec t ive ly ,  > 9% of each. Analysis  of 
p l a n t  e f f l u e n t  samples ind ica t ed  product a c t i v i t i e s  of 
0 .9  and 0  . O O g o ,  r e spec t ive ly ,  of cu r ren t  MPCw va lues  f o r  
~ r - 8 9 - 9 0  and Cs-137 f o r  a  168-hr week. About 63% of t h e  





~ r - 8 9 - 9 0  was removed by t h e  s ludge b l anke t  i n  t h e  c l a r i f i e r  and 
t h e  remainder by t h e  r e s i n ,  b u t  e s s e n t i a l l y  a l l  t h e  cesium was 
removed by  ion  exchange  a able 3 .1 ) .  

Table 3.1 Removal of A c t i v i t y  from ORNL Low-Activity Process Waste 
( ~ u n  HR-2) 

C l a r i f  i c a t i o n - F i l t r a t i o n  
A c t i v i t y  DF % Removed DF Removed DF % Removed 

Gross p 4.8  79.2 6 -4  84 .O 30 .O 96.7 

Gross y 4.4 77.1 10 .1  90.1 44.2 97-7 

TRE 3 5 77 1 1.0 1.8 3-5 71.6 

E f f l u e n t  from t h e  10- in . -d ia  by 8 - f t -h igh  r e s i n  bed contained 
no d e t e c t a b l e  hardness b u t  contained 2 ppm t u r b i d i t y  from leaching  
of r e s i n  co lor ing  mat te r .  Sorbed ma te r i a l  was e l u t e d  from t h e  r e s i n  
wi th  10 v o l  of 0 .5  M H N O j  ( F i g .  3 . 5 ,  and t h e  r e s i n  was r i n s e d  wi th  
demineral ized w a t e r a n d  converted t o  t h e  Naf form by 20 v o l  of 
0 .1  M - NaOH. 

I n  a pre l iminary  run, a t o t a l  of 58,380 g a l  of process  waste  
water  was processed over  a 97-hr per iod  t o  d i s p l a c e  nonradioac t ive  
sludge b l anke t  formed e a r l i e r  wi th  t h e  use of only  t h e  f l a s h  mixer, 
f l o c c u l a t o r ,  and c l a r i f i e r .  Approximately 24 h r  a f t e r  s t a r t u p  t h e  
feed s o l u t i o n  hardness increased  from 114  ppm (expressed  a s  CaC03) 
t o  144 ppm, causing t h e  c l a r i f i e r  e f f l u e n t  hardness t o  inc rease  from 
18 t o  50 ppm. An a t tempt  t o  decrease t h e  hardness by pumping 
40-80 ppm of Na?C03 t o  t h e  f l a s h  mixer, t o  make up f o r  apparent  
carbonate deficiency i n  t h e  feed,  was unsuccessful .  

3.2 Process Development ( w .  E. Clark, R .  R .  Holcomb) 

The Milton-Roy Chemalyzer used f o r  continuous t o t a l  hardness 
measurements on t h e  i o n  exchange column e f f l u e n t  i n  t h e  p i l o t  
p l a n t  d i d  not  func t ion  proper ly  because of t h e  high pH (11.9-12 -0)  
of t h e  stream. A l a b o r a t o r y  s tudy showed t h a t  t h e  instrument  would 
i n d i c a t e  a hardness breakthrough bu t  woldd not g ive  q u a n t i t a t i v e  
r e s u l t s .  Attempts t o  compensate t h e  Chemalyzer f o r  the cons tant  
0.01 M NaOH concent ra t ion  i n  t h e  p l a n t  e f f l u e n t  stream by  a c i d i f y i n g  
t h e  reagent  s o l u t i o n  have been unsuccessful  i n  r e s t o r i n g  
q u a n t i t a t i v e  accuracy. However, the  s tudy has produced a new 
manual hardness t i t r a t i o n  procedure wi th  s e n s i t i v i t y  t o  1 ppm o r  l e s s .  



Duolite 



The head-end treatment of t he  scavenging-ion exchange process 
with caus t i c  and copperas ( ~ e ~ 0 4 . 7 ~ ~ 0 )  should produce higher 
decontamination f ac to r s  than can be obtained with t he  cold lime- 
soda process now i n  use. ORPJL t a p  water, which contains 110-116 
pprn of t o t a l  hardness (EDTA) (15) a s  CaCO and 88-95 pprn t o t a l  
a l k a l i n i t y  (no phenolphthalein~lkalinity~ a s  CaCOj, was t r e a t ed  
with lime soda i n  one case and caustic-copperas i n  t he  o ther  i n  
standard j a r  t e s t s .  Af ter  f loccu la t ion  t he  t o t a l  hardness values 
were 55 and 47 ppm, respectively,  and a f t e r  overnight s e t t l i n g ,  
49 and 9.9 ppm. 

Although t he  ruthenium concentration i n  ORNL process waste 
water i s  below the  10% MPCw discharge level ,  and l i t t l e  or  no 
spec i f i c  ruthenium treatment i s  required, improvement of 
decontamination from ruthenium i s  being s tudied f o r  s i t e s  where 
ruthenium may be a major contributor and f o r  poss ible  t r an s i en t  
surges of ruthenium a t  ORKG. Decontamination f ac to r s  f o r  
RU-106 t r a c e r  from t a p  water var ied  somewhat with t h e  i ron 
concentration when caus t i c  copperas was used: 

The di f ference between the  d . f . ' s  with 0 and 10 pprn of i r on  
would probably be much grea te r  with a c tua l  waste. However, t he  
added cost  f o r  chemicals and f o r  handling t he  add i t iona l  bulk 
p r ec ip i t a t e  produced render the  increase from 5 t o  10 pprn of 
i ron  i n f ea s ib l e  unless it i s  necessary f o r  s t a b i l i z a t i o n  of 
the  sludge blanket  operation i n  t he  c l a r i f i e r .  

The ruthenium remaining i n  solut ion a f t e r  caustic-copperas 
treatment could be fu r t he r  decreased by contact with an  anion- 
exchange r e s in .  The ruthenium d i s t r i bu t i on  coef f i c ien t  was 
250 with a quaternary s t rong base (s tyrene)  anion exchange res in ,  
compared t o  2 f o r  t he  same solut ion with the  carboxylic- 
phenolic ca t ion exchange r e s in .  

4.0 ENGINEERING, ECONOMICS, AND HAZARDS EVALUATION 

R .  L. Bradshaw, J .  J .  Perona, J. T. Roberts 

A comprehensive study has been undertaken t o  evaluate the  
economics and hazards associa ted with a l t e r n a t i v e  methods f o r  
ul t imate d isposal  of highly radioact ive  l i qu id  and s o l i d  wastes. 
A l l  s teps  between f u e l  processing and ult imate storage w i l l  be 
considered,and the  study should define an  optimum combination of 
operations f o r  each disposal  method and ind ica te  t he  most 
promising methods f o r  experimental study. 



The study of s a l t  mine space required t o  d i s s i pa t e  t he  f i s s i o n  
product heat i n  the  waste from a 15,000 Mwe (56,000 Mwt) nuclear 
power economy was continued. I n  a previous repor t  of t h i s  s e r i e s  
p l o t s  of peak temperature r i s e ,  heat  f lux,  and gross mine area 
aga ins t  age of waste a t  b u r i a l  were obtained from the  i n f i n i t e  s l ab  
hea t  ca lcula t ion assuming t h a t  a l l  t h e  wastes were generated a t  the  
same time (16) ( a l l  fu tu re  reports ,  however, w i l l  use t he  term 
"net" area  to ind ica te  t he  ac tua l  mined room area  used f o r  s torage) .  
The a c t u a l  case w i l l  more nearly approximate a continuous generation 
of wastes, and the  s lab  calcula t ions  were therefore  redone with t h e  
assumption of a continuous accumulation of wastes with optimum 
dead storage time i n  tanks a s  defined i n  a previous cost  study (17). - 

4.1 Liquids i n  S a l t  

The new s lab calcula t ions  a f f e c t  the  curves i n  F igs .  4.1-4.3 
of r e f .  16 over the  region from 0.33 t o  8 years age of waste a t  - 
bu r i a l .  A t  0.33 year and from 8 t o  30 years the  curves a r e  unchanged. 
Between 0.33 and 8 years the  curves of t he  previous Figs.  4.1 and 
4.3 a r e  sh i f t ed  upward, the  maximum s h i f t  being - 20% a t  waste ages 
around one year. The previous Fig.  4.2 i s  sh i f t ed  downward 
correspondingly over t h e  same region. The net  r e s u l t  i s  t h a t  
s l i g h t l y  more mine area  i s  required t o  s t o r e  wastes aged < 8 years, 
e.g., 36 acres lyear ,  gross, f o r  1-year o ld  wastes r a t he r  than t he  
31 acres  indicated i n  t he  previous Fig .  4.3. 

4.2 Calcination Vessels Above Floor 

Mined areas  f o r  storage of calcined s o l i d  wastes i n  rooms i n  
s a l t  deposits  were calculated with temperature l i m i t s  of 1 6 5 0 9  
a t  the  cylinder ax i s  and 400 '~  a t  the  surface of the  s a l t  room. 
The rooms were assumed t o  l i e  i n  the  same hor izonta l  plane, and 
the  d i s s ipa t ion  of heat  i n t o  t he  s a l t  w a s  calculated with t he  slab 
code. The convection coeff ic ient  between t he  vessel  wall  and the  
room a i r  was calculated from 

where h = na tura l  convection coeff ic ient ,  ~ t u / h r / f t / %  

'Fd = temperature a t  wal l  of vessel ,  % 
0 

TA = temperature of a i r ,  F 

D = vesse l  diameter, f t  

Heat f luxes  t o  t he  f l oo r  and ce i l i ng  of t he  room were assumed 
equal, and coef f i c ien t s  were calcula ted from 



where TS = c e i l i n g  o r  f l o o r  sur face  temperature,%'. 

Most of t h e  h e a t  i s  t r a n s f e r r e d  from t h e  v e s s e l s  t o  t h e  s a l t  
sur face  by r a d i a t i o n .  The assumption of a  view f a c t o r  of  u n i t y  f o r  
a l l  cases was subsequently found t o  be a  good one because t h e  
amounts of f l o o r  and c e i l i n g  a r e a  p e r  v e s s e l  a r e  l a r g e  i n  a l l  cases 
a t  t h e  minimum b u r i a l  time i f  t h e  v e s s e l s  a r e  uniformly spaced. 
An emiss iv i ty  f o r  s t a i n l e s s  s t e e l  v e s s e l s  of 0.5 was assumed. 

Permiss ib le  h e a t  genera t ion  r a t e s  sub jec t  t o  t h e  l i m i t i n g  
temperatures  were ca l cu la t ed  wi th  parameters of waste type, v e s s e l  
diameter,  and mine a r e a  p e r  v e s s e l .  Permiss ib le  hea t  genera t ion  
r a t e s  were converted t o  age of wastes by t h e  use of F ig .  4.1. The 
minimum s to rage  age be fo re  b u r i a l  f o r  each type  of waste f o r  
a  given v e s s e l  diameter  was obtained b y  p l o t t i n g  t h e  a r e a  p e r  
cy l inde r  vs  waste age t o  g ive  Tw - TS : 1250%, and on t h e  same 
graph t h e  curve of TS = 4 0 0 ~ ~  ca lcu la t ed  wi th  t h e  i n f i n i t e  s l a b  
code. A p l o t  f o r  a c i d i c  Purex waste i n  6- in . -d ia  v e s s e l s  i s  given 
i n  F ig .  4.2. The i n t e r s e c t i o n  of t h e  curves g ives  t h e  minimum 
permiss ib le  age of t h e  waste a t  b u r i a l .  

The mine a r e a  p e r  cyc l inder  a t  t h e  i n t e r s e c t i o n  i s  optimum i n  
t h e  sense t h a t  t h e  permiss ib le  temperature r i s e  i n  both  t h e  
ca lc ined  waste and t h e  s a l t  i s  f u l l y  u t i l i z e d .  Minimum ages a t  
b u r i a l  and requi red  mine a r e a s  p e r  cy l inder  a t  t h e  minimum age 
a r e  given f o r  t h e  var ious  waste types i n  Table 4.1. These minimum 
ages supersede those  given i n  r e f .  16. The n e t  yea r ly  amount of 
mine space requi red  f o r  each waste type  i f  b u r i e d  a t  t h e  minimum 
age v a r i e s  from 1.26 a c r e ~ / ~ e a r  f o r  a c i d i c  Thorex i n  24-in.-dia  
v e s s e l s  t o  11.45 f o r  r e a c i d i f i e d  Purex waste f i l l e d  twice i n  
6- in .  -dia  v e s s e l s   able 4.2) . Figure 4.3 shows t h e  n e t  mine 
a r e a  r equ i red  t o  s t o r e  s o l i d  wastes  above t h e  f l o o r  a s  a  func t ion  
of t h e  age of t h e  waste a t  t h e  time of s torage .  It i s  assumed 
f o r  t h i s  f i g u r e  t h a t  Purex and Thorex wastes a r e  bu r i ed  a t  t h e  same 
age. 
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T IME SINCE REACTOR DISCHARGE ( y e a r s )  

Fig. 4.1. Heat Generation Rate as a Function of Age f o r  Calcined 
Solid Wastes Assuming O p t i m u m  Dead Storage Times. 
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WASTE AGE AT B U R I A L  ( y e a r s )  

Fig. 4.2. Determination of Minimum Buria l  Age of Calcined Acidic 
Purex Waste i n  6-in.-dia Vessels Stored i n  S a l t  Rooms. 
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ORNL-LR-DWG 65459 

WASTE AGE AT B U R I A L  ( y e a r s )  

Fig. 4.3. Net Mine Area Requirements f o r  Storage of Solids Above 
the  Floor. Assumes 400°F thermal proper t ies  of s a l t ,  325°F maximum 
s a l t  temperature r i s e ,  75°F ambient, and optimum dead time i n  tank 
storage. Purex waste area i s  75% of t o t a l .  



Table 4 . 1  blinimum Bur ia l  Ages* and Required Mine Area per  Vessel  a t  Minimum Age f o r  
Calcined Purex and Thorex Wastes i n  S a l t  Rooms 

Vessel  Radius = 0.25 f t  Vessel  Radius = 0.50 f t  Vessel  Radius = 1 . 0  f t  
Min. Age Area Min. Age Area Min. Age Area 

Waste 2 Type ( years)  ( f t2 /vesse l )  (years  2 f t  /vessel )  

Acid Purex 

Reacidi f ied  Purex 

Reacidif i e d  Purex 
f i l l e d  twice 

Acid Thorex 

Reacidif  i e d  Thorex 

Reac id i f i ed  Thorex 
f i l l e d  twice 

Acid Thorex g l a s s  

)C 

Ages a t  b u r i a l  < 0.33 year not considered, s ince  t h i s  i s  assumed a s  the age a t  which 
t h e  uranium and thorium a r e  processed. 



Table 4.2 Yearly Mined Space Requirements f o r  Calcined Wastes 
Stored i n  S a l t  Roomsa 

Net Yearly Space Required (acres/year)  
Vessel Vessel Vessel 

Waste T n e  Radius 0.25 f t  Radius 0.50 f t  Radius 1.0 f t  

Acid Purex 5 09 3 -6 2 -9 
Reacidif i ed  Purex 11.4 6.9 3 -6 

Reacidified Purex 1 1 . 4  
f i l l e d  twice 

Acid Thorex 4.1 2 -0 1.3 

Reacidif i ed  Thorex 4 .1  4.1 3 -0 

Reacidif i ed  Thorex 4.1 
f i l l e d  twice 

Acidic Thorex glass  4.1 - - - - 

a 
A t  minimum permissible b u r i a l  age. These area  requirements a r e  based 

on 100% area u t i l i z a t i on ,  not 5% a s  was assumed i n  r e f .  - 16. 

Fig  
get  

To compare with the  s imilar  curve f o r  storage of l i q u i d  wastes, . 4.3 i n  r e f .  16, the  present curve must be multiplied by 2 t o  
the  gross a r ea ,  since the  previous curve assumed 50% excavation, 

with the  remainder of the  s a l t  l e f t  a s  p i l l a r s  t o  support the  roof. 
For example, 10-year-old so l id  wastes s tored above the  f l o o r  
require  a net  of 3.55 o r  a gross of 7 .1  acres  per year, while the  
same waste s tored i n  l i qu id  form requires a gross area  of 16.3 
acres lyear .  Thus, storage i n  so l i d  form reduces the  area  requirements 
by a f ac to r  of 2.3, made up of a f ac to r  of 2.6 di f ference i n  t h e  
assumed maximum permissible temperature r i s e  combined w i t h  t he  
poorer heat  d i s s ipa t ion  proper t ies  of the  s a l t  a t  the  higher 
temperature. 

4.3 Calcination Vessels i n  Floor 

Temperature p ro f i l e s  f o r  vessel  spacings of 4-40 f t  were 
calculated, using 10 - f t  l i n e  sources t o  approximate cylinders i n  
a s a l t  medium f o r  times a f t e r  b u r i a l  from 100 h r  t o  36 years. 
These r e su l t s  a r e  being used t o  calcula te  mine space requirements 
f o r  bu r i a l  of v e r t i c a l l y  posit ioned cylinders i n  the  f loors  of rooms 
i n  s a l t  media. 



5.0 DISPOSAL I N  DEEP WELLS 

5.1 Disposal  by Hydraulic F rac tu r ing  

5.1.1 F i r s t  F rac tu r ing  Experiment (w .  de Laguna) 

The purposes of t h e  f i r s t  f r a c t u r i n g  experiment were t o  
determine whether f r a c t u r e s  t h a t  fol low t h e  bedding planes can b e  formed 
hydrau l i ca l ly  i n  t h e  Conasauga s h a l e  and t o  see i f  t h e  t e s t i n g  method 
g ives  an  equivocal  p i c t u r e  of t h e  f r a c t d r e  p a t t e r n .  The t e s t  showed 
t h a t  t h e  method was capable of developing an e s s e n t i a l l y  conformable 
f r a c t u r e  i n  t h e  sha le  under t h e  condit ions of t h e  experiment, and 
t h a t  t h e  f r a c t u r e  tended t o  fol low t h e  bedding plane i n t o  which it 
was i n j e c t e d  d e s p i t e  a  moderately complex s t r u c t u r e  of open f o l d s ,  
small  drag fo lds ,  and minor f a u l t s .  I t  a l s o  showed t h a t  t h e  t e s t  
method was capable of g iv ing  a c l e a r  p i c t u r e  of t h e  l o c a t i o n  and 
ex ten t  of t h e  f r a c t u r e ,  l i m i t e d  only, f o r  p r a c t i c a l  purposes, by t h e  
number of t e s t  we l l s  d r i l l e d  t o  l o c a t e  t h e  grout .  

Prepara t ions .  The experiment was c a r r i e d  out  a t  t h e   o our 
Acre S i t e , "  s tud ied  i n  1954 and 1955 a s  a  poss ib le  l o c a t i o n  f o r  
a  h i g h - a c t i v i t y  waste s torage  tank.  Five we l l s  had been d r i l l e d :  
a c e n t r a l  6- in . -d ia  churn -d r i l l ed  well,  300 f t  deep, and f o u r  
3- in . -d ia  core holes,  each 200 f t  deep, loca ted  r a d i a l l y  i n  
approximately t h e  four  ca rd ina l  compass d i r e c t i o n s ,  200 f t  from t h e  
c e n t r a l  we l l .  A geologic map and cross  sec t ions  of t h e  a r e a  were 
prepared from t h e  cores, from t h e  samples from t h e  6 - in .  churn well,  
from su r face  outcrops, and from exposures made by a  bul ldozer .  
Hydrologic t e s t s  showed t h a t  t h e  unweathered sha le  below a depth of 
about 20 f t  was nea r ly  impermeable, except t h a t ,  l o c a l l y ,  small  
volumes of ground water could move through f r a c t u r e s  i n  t h e  sha le  
t o  a depth of 150-200 f t  . 

Three hundred f e e t  of 3.5-in.-0.d. 5-55 type (high s t r eng th )  
s t e e l  casing was cemented i n t o  t h e  6 - ln .  well,  and t h e  f o u r  core 
ho les  were plugged by pouring sand i n t o  them slowly. Twenty-eight 
permanent bench marks were s e t  6 f t  o r  more i n t o  t h e  weathered shale ,  
i n  f o u r  l i n e s  r a d i a t i n g  out  i n  t h e  four  ca rd ina l  compass d i r e c t i o n s  
from t h e  i n j e c t i o n  well,  a t  d i s t ances  from it of 25, 50, 75, 100, 
200, 350, and 500 f t .  Approximately 30 days a f t e r  t h e  bench marks 
had been poured, t h e i r  r e l a t i v e  e l eva t ions  were determined with a  
s tandard  engineer ' s  l e v e l .  

A 25,000-gal tank was s e t  up near  t h e  i n j e c t i o n  w e l l  a s  a  
source of water  f o r  t h e  t e s t .  Spec i f i ca t ions  f o r  t h e  f r a c t u r i n g  
experiment requi red  i n j e c t i o n  i n t o  t h e  sha le  of 20,000 g a l  of water  
mixed with Por t l and  cement, ground limestone, and diatomaceous 
e a r t h  o r  o the r  f i l l e r s  o r  a d d i t i v e s  such t h a t  it would have a  
minimum crushing s t r e n g t h  of 500 p s i  a f t e r  2 1  days. 
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Fig. 5.1. First Fracturing Experiment: Cutting the Slot in the 
sing with the "~brasa jet. " 



A 30-gal s t a i n l e s s  s t e e l  drum t o  contain r ad ioac t ive  t r a c e r  
so lu t ion  was s e t  up next t o  t h e  i n j e c t i o n  w e l l  and connected t o  a  
small Milton-Roy high-pressure metering pump of 1.7 gal /hr  capaci ty  a t  
a pressure  of 2500 ps ig .  The t r ace r ,  whose presence i n  t h e  grout  
would permit i d e n t i f i y i n g  t h e  grout seam by gamma-ray logging, was 
taken through high-pressure autoclave tubing t o  a f i t t i n g  welded 
i n t o  t h e  casing of t h e  i n j e c t i o n  we l l  j u s t  above ground l e v e l .  Drum, 
tubing, and pump cyl inder  were shielded with l e a d  b r i c k s  ( ~ i g .  5 . 1 ) .  
Although 1 c u r i e  of Cs-137 could be  detec ted  i n  25,000 g a l  of 
grout, it was not  c e r t a i n  t h a t  t h e r e  would be uniform mixing o r  
complete r e t e n t i o n  of t h e  t r a c e r  i n  t h e  grout .  Calcula t ions  
showed t h a t  it would be poss ib le  t o  t r anspor t ,  t r a n s f e r ,  and handle 
s a f e l y  i n  t h e  sh ie lded drum 50-100 cur i e s  of Cs-137, and 35 cur i e s  
of Cs-137 plus  8.7 cur i e s  of ~ e - 1 4 4  were used. It  i s  doubtful  t h a t  
the  cerium contr ibuted  t o  t h e  e f fec t iveness  of t h e  t r a c e r .  The 
rad ioac t ive  concentrate was added t o  9 g a l  of water  i n  t h e  drum, 
s u f f i c i e n t  f o r  5-6 h r  pumping. 

I n j e c t i o n  of the  Mixture. The Dowel1 Company d i d  t h e  a c t u a l  
i n j e c t i o n .  On Oct. 12, 1959, they cemented t h e  casing i n t o  t h e  
i n j e c t i o n  wel l .  On Oct. 14, they cut  a s l o t  i n  t h e  casing a t  a  depth 
of 290 f t ,  using an "Abrasa j e t "  hydraul ic  sand j e t ,  through which 
was pumped 2000 g a l  of water, 1000 I b  of 20-40 mesh sand, a t  a  
pressure  of 3000 p s i .  Ten pounds of "J 79" a d d i t i v e  was mixed with 
the  water t o  increase  i t s  v i c o s i t y  s l i g h t l y  f o r  b e t t e r  car ry ing of 
the  sand. During t h e  30 min. requi red  f o r  pumping, the  j e t  w a s  
slowly r o t a t e d  t o  cut  a  f u l l  c i r c u l a r  s l o t  completely through t h e  
casing and out i n t o  the  sha le  ( ~ i g .  5 .l) . The "Abrasajett '  was 
then removed from t h e  wel l .  

Two "Appalachian" pumping u n i t s  were used t o  pump 1400 g a l  
of water i n t o  t h e  w e l l  t o  i n i t i a t e  t h e  f r a c t u r e .  Pressure  was 
b u i l t  up slowly by s tages  t o  2300 ps i ,  a t  which po in t  t h e  sha le  
f r ac tu red  and t h e  pressure  f e l l  ab rup t ly  t o  1000 ps i ,  and i n  
1 5  min t o  700 ps i ,  while the  pumping r a t e  increased from 0 t o  
300 gpm. When t h e  pumps were shut  down, t h e  pressure dropped 
abrup t ly  t o  300 ps i ,  t h e  apparent  s t a t i c  pressure  i n  t h e  f r a c t u r e  
i f  allowance i s  made f o r  t h e  pressure  of t h e  column of water  i n  t h e  
well ,  which would add - 125 p s i .  The water  was then b led  back 
out  of t h e  wel l .  

On Oct. 16, pumping was again  s t a r t e d  with water, and t h e  
f r a c t u r e  reopened a t  1000 psig, t h i s  pressure  f a l l i n g  rap id ly  t o  
400 p s i g  a t  190 gpm. A t o t a l  of 750 g a l  of water was pumped i n t o  
t h e  f r a c t u r e  i n  t h i s  operation, and then t h e  cement mixture was 
in jec ted .  This  mixture cons is ted  of 66 sacks (66 cu f t  o r  
6200 l b )  of dry  Class A Por t land cement powder, 22 sacks (66 cu f t  
o r  1100 l b )  of "Li te  poz 2" diatomaceous ea r th ,  and 36.5 l b  of 
f l u i d - l o s s  a d d i t i v e  M-29, dry mixed i n  a  Ready-Mix concrete t ruck .  
Twenty-one t ruck  loads were used f o r  a t o t a l  o f :  (1) cement, 
1370 cu f t  o r  130,000 lb ;  (2) diatomaceous earth,  1370 cu f t  o r  



23,000 l b ;  3) f l u i d - l o s s  add i t ive ,  713 l b .  This,  added t o  20,000 
g a l  of water,  made up a  t o t a l  of 3469 cu f t  o r  27,000 g a l  of grout .  

The t r a c e r  concent ra te  was t r anspor t ed  t o  t h e  s i t e  i n  a  
l e a d  "pig," which; t oge the r  wi th  t h e  heavy shee t - l ead  cover of t h e  
s h i e l d  drum was handled by a crane. The f i r s t  of t h e  Transit-Mix 
t r u c k s  was spo t t ed  a longs ide  one of t h e  Appalachian pumpers 
( ~ i g .  5.2), and t h e  grout  mixture was s t a r t e d  i n t o  t h e  we l l .  A t  
t h e  same time t h e  Milton-Roy pump was s t a r t e d  and t h e  t r a c e r  mixture 
was i n j e c t e d  i n t o  t h e  t o p  of t h e  w e l l  cas ing  a t  a r a t e  of about 
1.7 gph. This  r a t e  was l a t e r  decreased s l i g h t l y ,  and t h e  9 g a l  was 
a l l  used i n  6 h r .  The p res su re  increased  very  s l i g h t l y ,  t o  
500 p s i ,  a s  t h e  cement was added, b u t  gradual ly  decreased dur ing  
t h e  pumping of t h e  grout ,  t o  450 p s i g  a f t e r  about  3 hr ,  and t o  400 p s i g  
a f t e r  about  3.5 h r .  A t  t h e  time, t h i s  was be l i eved  t o  b e  due t o  
widening of t h e  s l o t  i n  t h e  cas ing  by eros ion .  The maximum i n j e c t i o n  
r a t e  was 90 gpm, t h e  average 78 gpm. 

When t h e  f i r s t  t r u c k  load  of d ry  cement mixture had been pumped 
i n t o  t h e  w e l l  by t h e  f i r s t  pumper, t h i s  u n i t  was stopped and t h e  
pumping taken over by t h e  second uni t ,  using t h e  mixture from t h e  
second Transit-Mix t ruck .  S i x  Transit-Mix t r u c k s  were used t o  
supply t h e  pumpers, a l t e r n a t e l y  a t  roughly 15-min i n t e r v a l s .  

A s e r ious  problem developed a f t e r  about 1 h r  of pumping, s h o r t l y  
a f t e r  t h e  f o u r t h  load  was s t a r t e d  down t h e  w e l l  by t h e  second pumper. 
The p res su re  r equ i red  t o  i n j e c t  wi th  t h i s  pumper was somewhat h igher  than  
wi th  t h e  f i r s t ,  and it was apparent  t h e  h igh-pressure  l i n e  from t h i s  
t r u c k  t o  t h e  "Y" on t h e  i n j e c t i o n  w e l l  was plugged. Pumping was 
t h e r e f o r e  stopped, and t h e  va lve  was opened t o  permit  t h e  p res su re  
i n  t h e  l i n e  t o  "bleed" back i n t o  t h e  tank on t h e  pumper. This  i s  
s tandard  o i l - f i e l d  procedure. Unfortunately, i n  t h i s  case, t h e  
check va lve  permi t ted  some of t h e  "tagged" grout  t o  b l eed  back i n t o  
t h e  tank on t h e  pumper b e f o r e  t h e  va lve  i n  t h e  "Y" a t  t h e  i n j e c t i o n  
w e l l  was closed.  The bottom of t h e  tank on t h e  pumper was found t o  
read about 20 rnr/hr, and t h e  h igher-pressure  l i n e  was a l s o  contaminated. 
The plugged check va lve  was removed and pumping resumed. Sand was 
added t o  t h e  contaminated tank  and a g i t a t e d  with t h e  motor-driven 
mixer b l ades  wi th  which t h e  tank  i s  equipped, and t h e  sand was then  
pumped down t h e  w e l l  wi th  t h e  next  ba t ch  of grout  from t h i s  t ruck .  
Some of t h e  contamination was removed i n  t h i s  way, and t h e  r e s t  was 
removed l a t e r  b e f o r e  t h e  pump was re turned  t o  t h e  con t rac to r .  
V i r t u a l l y  a l l  t h e  t r a c e r  s tayed  i n  t h e  cement grout ,  small  amounts 
of which s e t  up i n  t h e  c rev ices  i n  t h e  hose connections between 
t h e  p ip ing  on t h e  pumper. Replacing these  s h o r t  s e c t i o n s  of hose removed 
a l l  t h e  a c t i v i t y .  The pump i t s e l f  was no t  contaminated, a s  t h e  r e t u r n  
flow was d i r e c t l y  i n t o  t h e  t ank  on t h e  t ruck .  

A f t e r  7.5 h r  of elapsed t ime and a t o t a l  of 6 h r  of a c t u a l  
pumping, t h e  l a s t  of t h e  grout  mixture had been in j ec t ed ,  and t h i s  
was followed up wi th  400 g a l  of water  t o  f l u s h  t h e  l a s t  of t h e  





grou t  down t h e  we l l .  As t h e  l a s t  of t h i s  water  was being pumped in ,  
grout  was observed flowing very slowly out of t h e  5-in.  core hole, 
200 f t  north* of t h e  i n j e c t i o n  w e l l .  Pumping was immediately stopped 
and t h e  i n j e c t i o n  we l l  shut  i n .  Grout continued t o  flow slowly out of 
t h e  core hole, and it  i s  est imated t h a t  200 g a l  of grout  came out  
i n  a few hours.  By next morning, water  was flowing very slowly from 
t h e  core hole;  i t  continued t o  flow a t  a slowly decreasing r a t e  f o r  
about two months. The t o t a l  volume of water t h a t  came out  was 
est imated very roughly t o  be  2000 gal ,  o r  a s  much a s  10% of t h e  water  
pumped i n .  

The nor th  well ,  l i k e  the  o t h e r  p re -ex i s t ing  core holes,  had been 
plugged v i t h  clean sharp bu i ld ing  sand of t h e  type used f o r  making 
mortar.  It must have he ld  back t h e  grout  s ince  the  f r a c t u r e ,  which 
in t e rcep ted  t h e  bottom of t h i s  w e l l  ( ~ i g .  5.3), continued 200 f t  
f a r t h e r  up-dip t o  t h e  north.  However, t h e  g rou t  d i d  not  b ind  t h e  
water and, apparently,  r e l a t i v e l y  c lean  water, f i l t e r e d  f r e e  of 
cement and diatomaceous e a r t h  by t h e  bottom l a y e r  of sand packing, 
flowed up t h e  wel l .  

The grout  and t h e  d i r t  around t h e  we l l  were dug up a few days 
l a t e r ,  a f t e r  t h e  grout  had s e t ,  and bur ied  i n  B u r i a l  Ground 4. No 
de tec tab le  a c t i v i t y  escaped from t h e  immediate v i c i n i t y  of t h e  core 
hole.  

Test  D r i l l i n g .  Three rock u n i t s  a r e  i d e n t i f i a b l e  i n  t h e  
t e s t  a r e a  ( ~ i g .  5.3). The upper i s  a gray calcareous sha le  
containing many t h i n  beds and l e n s e s  of l imestone.  Below t h i s ,  
and t o  some ex ten t  interbedded with it, i s  a dark r ed  o r  maroon 
shale,  which i s  seldom calcareous.  Locally, t h e r e  a r e  beds o r  
l enses  of red  sha le  i n  t h e  gray calcareous sha le ;  and, l o c a l l y ,  
i n  t h e  red  shale,  t h e r e  a r e  gray o r  very f a i n t l y  reddish  beds which 
appear  gray i n  t h e  d r i l l  cu t t ings ,  so  t h a t  t h e  co lo r  changes a r e  not 
always sharp and c l e a r ,  e i t h e r  i n  t h e  records obtained from t h e  d r i l l i n g ,  
or,  i n  a l l  p robab i l i ty ,  i n  t h e  rock i t s e l f .  There is,  however, one 
p r i n c i p a l  t r a n s i t i o n  from gray above t o  red  below which i s  q u i t e  
genera l ly  recognizable.  I n  t h e  east-west  s e c t i o n  drawn through t h e  
i n j e c t i o n  wel1,shor.m i n  Fig .  5.4, t h i s  contact  i s  a t  a n  e l eva t ion  of 
about 725 f t .  Immediately above t h i s  contact ,  o r  separa ted  from it 
by a few f e e t  of gray shale,  i s  a d i s t i n c t i v e  group of t h r e e  
limestone beds, each 2-3 f t  t h i c k  and covering an i n t e r v a l  of 
15-20 f t .  These t h r e e  beds can sometimes be recognized by t h e i r  
hardness a s  d r i l l i n g  pene t ra t e s  them, b u t  they  can be  i d e n t i f i e d  
with assurance i n  t h e  gamma-ray l o g  of v i r t u a l l y  every we l l  passing 
through them. They, and t h e  color  change from gray t o  r ed  j u s t  
below, form a key horizon marker a t  t h e  s i t e .  No o the r  ind iv idua l  
beds i n  t h e  a rea  can be i d e n t i f i e d  with assurance i n  t h e  f i e l d ,  
i n  t h e  cores, o r  i n  t h e  gamma-ray logs,  al though i n  t h e  gamma-ray 
logs  i t  i s ,  i n  general ,  poss ib le  t o  d i s t i n g u i s h  between t h e  red  and 
t h e  gray calcareous sha le .  I n  t h e  western p a r t  of t h e  a rea ,  a hard 
*I! P l a n t  coordinates" a r e  used t o  descr ibe  d i r e c t i o n s  i n  t h i s  r e p o r t  

"North" i n  t h i s  system i s  up-dip and i s  a c t u a l l y  north-north-west.  
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sandy bed was encountered i n  t h r e e  of t h e  we l l s  a t  a n  e l e v a t i o n  of 
about 550 f t  . 

Test  d r i l l i n g  was begun i n  t h e  a rea  a  month a f t e r  t h e  grout  had 
been i n j e c t e d  and was continued f o r  about n ine  months. A t o t a l  of 
18 we l l s  were d r i l l e d ,  and one p re -ex i s t ing  core hole  (200 E) 
was deepened. Figure 5.5 shows the  d i s t r i b u t i o n  of t h e  grout  sheet  
a s  determined by t h i s  d r i l l i n g .  The ou te r  edge of t h e  grout  sheet  
could be drawn somewhat d i f f e r e n t l y  from t h e  p o s i t i o n  shown and i s  
l e s s  r egu la r  than indica ted ,  b u t  t h e  d r i l l i n g  appeared t o  have 
defined t h e  genera l  ex ten t  of t h e  f r a c t u r e  formed. 

The f r a c t u r e  moved out  on s t r i k e  t o  t h e  e a s t  f o r  .U 300 f t .  
Jus t  e a s t  of t h e  i n j e c t i o n  w e l l  it cons is ted  of  two shee t s  about 
0.5 i n .  a p a r t  and each about 0.010 f t  t h i c k .  Two hundred f e e t  
e a s t  it was observed a s  two shee t s  about 5 f t  a p a r t  wi th  an  
est imated combined th ickness  of 0.007 f t ,  and a t  273 f t  e a s t  a s  
a  s i n g l e  sheet  0.005 f t  t h i c k .  The s t r a t i g r a p h i c  p o s i t i o n  and e l e v a t i o n  
of t h e  f r a c t u r e  were remarkably uniform i n  t h i s  d i r e c t i o n .  

On s t r i k e  t o  t h e  west the  f r a c t u r e  moved out  a  t o t a l  d i s t ance  of 
only about 100 f t .  I n  t h i s  d i r e c t i o n  t h e  horizon i n t o  which the  grout  
was i n j e c t e d  i s  much d i s t o r t e d  by drag f o l d i n g  s t a r t i n g  roughly 
50 f t  from t h e  i n j e c t i o n  well ,  and apparently,  t h e  f r a c t u r e  was 
de f l ec ted  upward about 11 f t  by t h i s  crumpled rock. 

To t h e  north t h e  f r a c t u r e  extended a l i t t l e  over 400 f t ;  
a t  400 f t  it cons i s t ed  of a  paper- th in  l a y e r  of grout  i n  t h e  sha le .  
I n  fo rc ing  out  i n  t h i s  d i r e c t i o n  the  f r a c t u r e  had t o  fo l low and, 
i n  p a r t ,  cu t  ac ross  moderately complex open fo lds ,  drag fo lds ,  
and a  few minor f a u l t s ,  which could be  mapped i n  d e t a i l  i n  
a r t i f i c a l l y  crea ted  exposures a t  t h e  su r face  b u t  only by inference  
underground. 

The g r o u t - f i l l e d  f r a c t u r e  extended about 100 f t  south of 
t h e  i n j e c t i o n  well ,  but ,  i n s t e a d  of fol lowing out  along the  bedding- 
plane horizon i n t o  which it  had been in j ec ted ,  it broke upward about 
50 f t  s t r a t i g r a p h i c a l l y  and was found 260-270 f t  below t h e  surface,  
roughly 30 f t  l e s s  than the  depth of i n j e c t i o n .  The f r a c t u r e  i n  
moving south was de f l ec ted  upward and separa ted  i n t o  two shee t s  
by some small  i r r e g u l a r i t y  i n  t h e  s t r u c t u r e ,  poss ib ly  the  f a u l t  
observed a t  t h e  su r face  about 110 f t  nor th  of t h e  i n j e c t i o n  we l l .  

Surface C p l i f t .  Relevel ing t h e  bench marks a f t e r  i n j e c t i o n  
of the  grout  gave i n t e r e s t i n g  b u t  inconclusive r e s u l t s .  Apparently, - .  
t h e  l e v e l  was not  i n  good adjustment when t h e  f i r s t  su rveywas  
made, and t h e  p r e i n j e c t i o n  values f o r  t h e  r e l a t i v e  e l eva t ion  a r e  
suspect .  However, on t h e  assumption t h a t  t h e  mark 500 f t  nor th  
of t h e  i n j e c t i o n  we l l  had not moved, t h e  da ta  shown i n  Fig .  5.6 
were ca lcu la t ed .  To t h e  north,  e a s t ,  and south, t he  ex ten t  of 
u p l i f t  very nea r ly  coincides wi th  t h e  ex ten t  of grout  sheet ,  and 
t h e  amount of u p l i f t  and t h e  th ickness  of grout  a r e  of t h e  same 
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o r d e r  of magnitude. To t h e  west t h e  u p l i f t  apparent ly  extends out  
beyond t h e  l i m i t  of t h e  grout  sheet .  

The a r e a  of t h e  grout  sheet  i n f e r r e d  from t h e  d r i l l i n g  i s  
roughly 200,000 f t 2 .  I f  t h e  average th ickness  i s  taken a s  
0.010 f t ,  then  t h e  volume i n  p lace  a f t e r  s o l i d i f i c a t i o n  would 
be 2000 cu f t ,  o r  about 15,000 ga l .  If t h e  average th ickness  i s  
taken a s  0.015 f t ,  t h e  volume i n  p lace  would be  roughly 3000 cu f t  
o r  22,500 g a l ,  The grout  mixture used, however, was not compounded 
t o  enable it t o  r e t a i n  t h e  excess water a f t e r  t h e  cement had s e t  
up, and t h e  f l u i d  l o s s  a d d i t i v e  used was intended t o  permit 
maximum extension of t h e  f r a c t u r e  i n  the  f a c e  of poss ib le  f l u i d  
l o s s  t o  the  sha le  during t h e  i n j e c t i o n .  Samples of t h e  s o l i d i f i e d  
grout  had a s p e c i f i c  g r a v i t y  ( a f t e r  drying i n  a i r )  of roughly 
1.5 t o  1.6, o r  94-100 lb /cu  f t .  I f  t h e  15,000 l b  of cement and 
diatomaceous e a r t h  used i n  t h e  mix had incorpora ted  a n  a d d i t i o n a l  
20 w t  % water which could be  r e t a ined  d e s p i t e  a i r  drying, t h e r e  
should be  183,000 l b ,  o r  between 1830 and 2000 cu f t ,  of grout  i n  
place.  Because of t h e  water  l o s s  t o  t h e  sha le  over t h e  very l a r g e  
su r face  a r e a  of t h e  grout  sheet ,  t h i s  value f o r  t h e  volume of grout  
i n  p lace  i s  be l ieved more r e a l i s t i c  than t h a t  of t h e  t o t a l  volume of 
mixture pumped and agrees  w e l l  with t h e  est imated volume of t h e  
grout  sheet  found by t h e  t e s t  d r i l l i n g .  

5.1.2 Second Frac tu r ing  Experiment (w .  de Laguna) 

Tes t  d r i l l i n g  a t  t h e  s i t e  of t h e  second f r a c t u r i n g  experiment 
i s  now near ly  completed and t h e  l a t e r a l  e x t e n t  of the  grout  shee t s  
appears t o  be s u f f i c i e n t l y  defined.  However, t h e  we l l  now being  
d r i l l e d  i s  encountering t h e  s e v e r a l  key horizons and t h e  upper grout  
sheet  a t  depths so  much shallower than  d i d  t h e  two immediately 
adjacent  we l l s  t h a t  a t  l e a s t  one and perhaps a l l  of t h e s e  holes  
must depar t  considerably from t h e  v e r t i c a l .  U n t i l  t hese  and t h e  
o t h e r  t e s t  holes  a r e  surveyed,the conclusion t h a t  t h e  i n j e c t i o n  
we l l  was, by chance, d r i l l e d  i n t o  a downfolded o r  downfaulted 
block i s  unwarranted. It now appears t h a t  both  t h e  s t r u c t u r e  of 
t h e  rock and t h e  shape of t h e  two grout  s h e e t s  i s  much more r egu la r  
than  a t  f i r s t  be l ieved.  

Attempts t o  show a mate r i a l s  balance between t h e  amounts of 
cement i n j e c t e d  and t h e  amounts found i n  t h e  t h r e e  grout  seams 
were moderately s a t i s f a c t o r y  f o r  t h e  f i r s t  experiment and f o r  t h e  
upper seam i n  t h e  second experiment, bu t  d id  not  give good agreement 
f o r  t h e  lower seam. Information on t h e  th ickness  of t h i s  seam i s  
poor, however, and i f  it i s  poss ib le  t o  photograph it i n  t h e  t e s t  
we l l s  from which no core of it was recovered a b e t t e r  ma te r i a l s  
balance may be poss ib le .  

Examination of t h e  cores from t h e  3265-ft-deep t e s t  w e l l  i s  not  
y e t  f in ished,but  it i s  c l e a r  t h a t  t h e r e  i s  a s u b s t a n t i a l  th ickness  
of rock apparent ly  s u i t a b l e  f o r  f r a c t u r i n g  between depths of 
1500 and 3000 f e e t .  Some f u r t h e r  t e s t s  w i l l  have t o  be  made i n  
them before  they  can be  used f o r  d i sposa l  by f r a c t u r i n g .  



A s tudy  by t h e  MIT P r a c t i c e  School sugges ts  t h a t  t h e  s a f e  l i m i t  
f o r  d i s p o s a l  by  hydrau l i c  f r a c t u r i n g ,  i f  t h e  waste mixture i n  p l ace  
i s  not  t o  overheat,  i s  of  t h e  order  of 2000 c u r i e s  pe r  g a l l o n  of 
waste s i x  months o ld .  The thermal  problem then  i s  no t  l i k e l y  t o  
p l ace  much r e s t r i c t i o n  on t h e  type  of waste handled, a l though 
somewhat l onge r  ag ing  be fo re  d i s p o s a l  might b e  d e s i r a b l e .  

5.1.3 Mix Development ( T .  Tamura) 

Three sepa ra t e  phases of s tudy  have been i n i t i a t e d  by  Westco 
Research, a  s u b s i d i a r y  of  The Western Company ( ~ o r t  wor th) ,  under 
a  subcon t r ac t .  

Phase 1. I n i t i a l  s t u d i e s  w i l l  cons ider  t h e  was te  composition 
l i s t e d  i n  Table 5 . 1  a s  a r e f e rence  type  f o r  d e f i n i n g  behavior  

Table 5 . 1  Weighted Average Composition of Waste Stream Discharge 
t o  Seepage P i t s  2, 3, and 4a 

Chemical Molar i ty  Chemical Mola r i t y  

Na OH 0.22 NaNO 0 315 
NH4'hI03 0.025 N~,s&+ 0  -037 

A ~ ( W O J )  3 0.022 NaC 1 0 .006 

" ~ a t a  furn ished  by  D.G. Jacobs, ORNL. 

c h a r a c t e r i s t i c s .  D i f f e r e n t  p ropor t ions  of cement and waste  a r e  
be ing  mixed and t h e  se t - t ime  and s e t - s t r e n g t h s  determined, a T t e r  
which t h e  composition w i l l  b e  changed t o  determine t h e  e f f e c t  
of i n c r e a s i n g  o r  decreas ing  t h e  major components and of d i f f e r e n t  
chemical reagents  s u b s t i t u t e d  f o r  t hose  normally used. 

Phase 2 .  Gel chemistry i n  high-pH h igh ly  s a l t e d  s o l u t i o n s  
conta in ing  cements and/or muds w i l l  b e  s tud ied .  The development 
of a  pumpable s l u r r y  may r e q u i r e  water  o r  s o l u t i o n  i n  excess  of 
t h e  amount necessary  f o r  t h e  f i n a l  s e t  of t h e  cement, and t h e  
excess  may i n h i b i t  r e t e n t i o n  of t h e  rad ionucl ide  i n  l each ing  
o r  development of a  mix of h igh  f i n a l  s e t - s t r e n g t h .  The g e l s  w i l l  
b e  s t u d i e d  as agen t s  f o r  reducing t h e  f r e e  water  i n  t h e  s e t  cement, 
r e t a i n i n g  rad ionucl ides ,  opt imizing t h e  s l u r r y  p r o p e r t i e s  of t h e  
mix, and maximizing t h e  amount of r a d i o a c t i v e  waste t h a t  can b e  
incorpora ted  i n t o  a  given amount of cement. 

Phase 3. Cement and mud chemistry w i l l  b e  s t u d i e d  wi th  
s p e c i f i c  emphasis on con- t ro l l ing  and reducing so lub le  calcium and 
cesium s a l t s .  An understanding of t h e  f a t e  of calcium i s  
p a r t i c u l a r l y  important  s ince  a v a i l a b l e  evidence shows t h a t  
s t ront ium behavior  i s  ve ry  similar t o  t h a t  of calcium. The 
major c a t i o n i c  component of d r y  cement  a able 5.2) i s  calcium, 



Table 5.2 Products  i n  cementa 

Hydration Products  a t  Atmospheric 
Dry Cement Temperatures and Pressu res  

1. Tricalcium s i l i c a t e  Calcium s i l i c a t e  hydrate and calcium 
hydroxide ( 1 . 5  CaO .Si02 -1 .O-2.5 H20 + 
ca(  08) 2) 

2. Tricalcium aluminate Calcium sulfoaluminate,  hydrated calcium 
( 3Cao . A ~ ~ o ~ )  aluminate, and a l k a l i  ( 3 ~ a 0  . A ~ ~ O  . 3CaS04. 

31H20 + 3CaO . A 1  0  .6H20 + KOH + l?aOH) 
Gypsum ( C ~ S O ~  .2H20) 

2 3  

Alkal ine  s u l f a t e s  
( N ~ ~ s o ~  + ~ $ 0 ~ )  

3. Ti t raca lc ium alumino- Calcium sulfoaluminate and hydrated 
f e r r i t e  ( h C a 0 . ~ 1 ~ 0 ~ . F e  0 ) calcium sesquioxide ( ~ C ~ O . A ~ ~ O ~ . ~ C ~ S O ~ .  
o r  a s  ( ~ c ~ o . A ~ ~ o  . 31H20 + 3Ca0.R203.6~20) 
Fe20j. 2CaO .Fe2037 

Gypsum ( ~ a S 0 4 . 2 ~ ~ 0 )  

Calcium hydroxide ( c ~ ( o H ) ~ )  

4 .  Magnesium ( M ~ o )  Magnesium hydroxide ( ~ g (  OH) 2) 

5. Free  lime ( C ~ O  Calcium hydroxide ( c ~ ( o H )  2)  

"Data from r e f .  - 18. 

t h e  so luble  compounds of which may r e l e a s e  s trontium on contac t  with 
leaching waters .  The p o s s i b i l i t y  of reducing t h e  f r e e  magnesia and 
f r e e  lime contents  i s  a l s o  be ing  considered. 

Cesium may be  removed by a d d i t i o n  of s e l e c t e d  c lays .  The 
genera l  use of ben ton i t e s  a s  an  a d d i t i v e  i n  cement s l u r r y  makes 
it des i r ab le  t o  i n v e s t i g a t e  t h e  poss ib le  use of hea t - t r ea ted  
ben ton i t e s  f o r  cesium f i x a t i o n .  Any a d d i t i v e  t h a t  may be used f o r  
t h e  formulat ion w i l l  be evaluated not only f o r  i t s  a b i l i t y  t o  decrease 
t h e  so luble  calcium o r  s tront ium and cesium s a l t s  b u t  f o r  i t s  e f f e c t  
on t h e  se t - t ime and se t - s t r eng ths  of t h e  s l u r r y .  

6.0 DISPOSAL I N  NATURAL SALT FORMATIONS 

6.1 High-Temperature Experiment ( R .  L.  Bradshaw and F. M. Empson) 

I n  t h e  s torage  of h igh- level  r a d i o a c t i v e  s o l i d s  i n  holes  i n  
t h e  f l o o r  of a  s a l t  cav i ty  it may be d e s i r a b l e  i n  some cases (e.g., 
f o r  ca lc ined  s o l i d s  assumed i n  t h e  economic study of S e c t .  4.0) t o  
al low t h e  peak s a l t  temperature t o  r i s e  above 3 0 0 ~ ~ .  Samples of 



rock s a l t  d i s i n t e g r a t e d  v i o l e n t l y  when heated i n  a muffle furnace 
.to 250-300°c, and such s h a t t e r i n g  i n  s i t u  might a f f e c t  heat  t r a n s r e r  
p roper t i e s .  

The f i r s t  t e s t  w i l l  be c a r r i e d  out i n  a d r i l l e d  hole  8 i n .  
d i a  by 10 f t  deep. The hea te r  w i l l  have an a c t i v e  l eng th  of 4 f t  
made up of s , ix 8 - in .  lengths  of Cooley "clamshell" hea te r s  with an 
0.d. of 5-3/4 i n .  The heaters  w i l l  be placed i n  a 5 - f t  l eng th  of 
6 - in .  Sch 40 type 304L s t a i n l e s s  s t e e l  p ipe .  Five thermocouples 
w i l l  be placed on t h e  pipe, spaced 1 f t  a p a r t  v e r t i c a l l y ,  and 
two a d d i t i o n a l  thermocouples w i l l  be placed on t h e  hea te r  sec t ions  
t o  monitor t h e  h e a t e r  temperature. The assembly w i l l  be centered 
a t  t h e  bottom of t h e  1 0 - f t  hole, and thermal i n s u l a t i o n  w i l l  be 
placed above the  pipe t o  minimize convection l o s s e s .  

Thermocouple holes 1-3/16 i n .  d i a  w i l l  be d r i l l e d  t o  a depth 
of 15 f t  a t  d i s t ances  of 6 in . ,  1, 2, 4, and 8 f t  from t h e  edge 
of t h e  hea te r  hole .  These holes w i l l  be d r i l l e d  a s  near  v e r t i c a l  
a s  poss ib le  and then t h e  exact  loca t ion  es t ab l i shed  t o  make 
poss ib le  more p rec i se  evaluat ion of t h e  temperatures observed. 
Severa l  thermocouples w i l l  be i n s t a l l e d  i n  each hole .  

I n i t i a l l y ,  power w i l l  be app l i ed  a t  a constant  r a t e  s u f f i c i e n t  
t o  achieve a s a l t - w a l l  temperature of approximetely 300 '~  i n  two o r  
th ree  days. I f  t h e  surrounding s a l t  does not s h a t t e r ,  t he  power 
input  w i l l  be maintained u n t i l  heat  l o s s  through t h e  f l o o r  i n v a l i d a t e s  
t h e  comparison of measured s a l t  temperature wi th  t h e o r e t i c a l  
ca lcu la t ions  f o r  t h e  l i n e  source i n  an i n f i n i t e  medium. I f  no 
s h a t t e r i n g  has taken place by t h i s  time, t h e  i . d .  of t h e  ho le  w i l l  
be measured f o r  comparison with preoperat ion measurements t o  obta in  
information on t h e  c losure  due t o  thermal expansion and p l a s t i c  
flow, a f t e r  which t h e  experiment w i l l  be r e s t a r t e d  a t  a higher 
power l e v e l  and operated u n t i l  s h a t t e r i n g  occurs o r  p l a s t i c  flow 
f reezes  t h e  l ieater  i n  place.  Addit ional  t e s t s  w i l l  be run a s  
indica ted .  

6.2 Cumulative Gamma Radiat ion - Dose i n  S a l t  Mine Disposal Pot -  
Calcined So l id  Wastes [w. J .  Boegly, ~ r . )  

Previous s t u d i e s  (20) on t h e  e f f e c t  of gamma r a d i a t i o n  on 
t h e  s t r u c t u r a l  p r o p e r t i e s  of rock salt have shown t h a t  gamma 
dosages t o  1 x l o 8  r produce neg l ig ib le  changes i n  creep r a t e  
and compressive s t rength ,  but  t h a t  dosages above t h i s  value may 
produce s i g n i f i c a n t  changes ( i . e . ,  decrease i n  compressive s t rength ,  
s l i g h t  decrease i n  creep r a t e ) .  Since t h e  sa l t  i n  rooms containing 
radioact ive  waste w i l l  continue t o  be exposed t o  r a d i a t i o n  f o r  long 
periods of time, it i s  poss ib le  t h a t  t h e  1 x lo8 r dose w i l l  be 
exceeded a t  t h e  surface  of t h e  wal ls .  

The MIT Engineering P r a c t i c e  School developed a computer 
program f o r  t h e  I B M - ~ ~ ~ O  and with it est imated t h e  gamma dose 
i n  s a l t  and i n  t h e  room f o r  pot-calcined s o l i d s  s to red  i n  t h e  
f l o o r  of a s a l t  mine (21) .  - The va r i ab les  i n  the  computer program a r e :  



Fig. 6.1. Gamma Dose (a) to Ceiling and Floor and (b) in Floor 
Between Pots as a Function of Distance from Wall. 



room height  and width, depth of pot  b u r i a l ,  r ec t angu la r  pot  spacing, 
pot  diameter,  number of energy groups considered, a c t i v i t y  vs  time f o r  
each energy group, p r o p e r t i e s  of t h e  mater ia l ,  and d i s t ance  of t h e  
f i r s t  row of po t s  from the  w a l l .  The output from t h e  program gives :  
(1) t h e  gamma dose i n  s a l t  f o r  each energy l e v e l  pe r  time increment 
and sum of increments, (2 )  t h e  accumulated gamma dose i n  s a l t  f o r  
each energy l e v e l  a t  each time increment, and (3) t h e  sum of t h e s e  
o r  t h e  t o t a l  accumulated gamma dose from time of s torage  t o  time t .  
For t h e  a i r  dose i n  t h e  room above t h e  bur i ed  pots ,  t h e  dose r a t e  
i n  mi l l i roentgens  per  hour can be obtained a t  any des i r ed  time. 

Limi ta t ions  of t h e  computer program a s  w r i t t e n  a r e  t h a t  t h e  
pot  spacing must be rec tangular  i n  p lan  view, t h a t  the  dose cannot 
be  ca lcu la t ed  f o r  gamma rays pass ing  through more than two media, 
and f i n a l l y  t h a t  t h e  po t s  a r e  considered a s  l i n e  sources and t h e  
dose c lose  t o  t h e  pots  cannot be computed accura te ly .  However, f o r  
the  purpose intended, the  r e s u l t s  a r e  s a t i s f a c t o r y .  

A s  an  example, calcined a c i d i c  Purex waste i n  6 - in . -d ia  pots  
bur ied  7 f t  beneath t h e  f l o o r  of a  15-f t -h igh  50-ft-wide very-long 
room was considered. The pot  spacing was assumed t o  be 5 f t .  
Figure 6.1 shows t h e  v a r i a t i o n  of t o t a l  dose ( f o r  s torage  times 

G from 2 t o  10 years)  wi th  d i s t ance  from t h e  w a l l  f o r  ( a )  po in t s  
on t h e  c e i l i n g  and f l o o r  of t h e  room, and (b )  po in t s  between t h e  
p o t s .  Resul t s  i n d i c a t e  t h e t  t h e  gamma dose i n  t h e  c e i l i n g  i s  
l e s s  than t h a t  i n  t h e  f l o o r ,  and t h a t  t h e  dose between pots  i s  
nea r ly  constant  ac ross  t h e  room. The only sources t h a t  con t r ibu te  
s i g n i f i c a n t l y  t o  t h e  dose a t  a  po in t  a r e  t h e  two p o t s  on e i t h e r  s i d e  
of  i t .  Figure 6.2 shows t h e  v a r i a t i o n  of t h e  t o t a l  gamma dose 

UNCLASSIFIED 

COOLING TIME i yeors) 

Fig. 6.2. Gamma Dose Between Pots  a s  a Function of Cooling Time. 

between p o t s  a s  a  funct ion  of waste cooling t ime.  I f  cooling time 
before  s to rage  i s  increased  from 2 t o  14 years ,  t h e  dose i s  
reduced more than h a l f .  



Resu l t s  of t h i s  s tudy i n d i c a t e  t h a t  gamma dose a t  t h e  c e n t e r  l i n e  
between p o t s  w i l l  no t  exceed 3 x lo6 r a d  f o r  2-year-cooled waste and 
thus  t h a t  t h e  i r r a d i a t i o n  of t h e  bulk  of t h e  salt  surrounding t h e  
room w i l l  no t  exceed t h e  dose a t  which s t r u c t u r a l  damag w i l l  occur.  
I n  l o c a l  a r e a s  near  t h e  po t s  t h e  dose may exceed 1 x 10' r; however, 
t h e  volume of s a l t  w i l l  b e  small and t h e  corresponding e f f e c t  of a 
decrease i n  compressive s t r e n g t h  w i l l  a l s o  b e  small .  These 
c a l c u l a t i o n s  a r e  be ing  extended t o  cover spacings of cans t h a t  a r e  
not  r ec t angu la r  and t h e  e f f e c t  of c y l i n d r i c a l  v s  l i n  8 When 
t h e  ex ten t  of s a l t  having a dose g r e a t e r  than  1 x 10  I- i s  known, 
ca l cu la t ions  w i l l  be  made on t h e  e f f e c t  of t h i s  f a c t o r  on t h e  
s t r u c t u r a l  i n t e g r i t y  of t h e  room. 

7.0 CLINCH RIVER STUDY 

7.1 Est imate of A c t i v i t y  i n  Bottom Sediments (P. H. Carrigan*) 

S tud ie s  of t h e  l o n g i t u d i n a l  d i s t r i b u t i o n  of r a d i o a c t i v i t y  i n  
Clinch River  bottom sediments have i n d i c a t e d  t h a t  t h e  maximum 
a c t i v i t y  i s  a s s o c i a t e d  wi th  sediments depos i ted  midway i n  t h e  study 
reach (cRM 4 .7  t o  20.8) ( 2 2 ) .  Mechanical a n a l y s i s  (16)  showed t h e  
sma l l e s t  median p a r t i c l e  s i z e  i n  t h e  sample from CR mile  11.9. 

I n  f u r t h e r  experiments, t h e  pH and calcium content  were found 
a l s o  t o  b e  maximum a t  t h e  midway p o i n t   able 7.1). However, 
exchange capac i ty  determinat ions ind ica t ed  a nea r ly  cons tant  
exchangeable magnesium throughout t h e  s tudy reach.  I n  every  case t h e  
t o t a l  ca t ions  exceeded t h e  t o t a l  determined capaci ty,  a l i k e l y  
explanat ion  f o r  which i s  t h a t  t h e  t o t a l  ca t ions  r ep resen t  
con t r ibu t ions  not  on ly  from t h e  exchange complex of t h e  c l ay  
minerals  b u t  from calcium carbonate i n  t h e  sediment. The pE 
readings f o r  a l l  samples exceeded 7.0, which i s  a l s o  i n d i c a t i v e  
of a calcareous sediment.  Future  s t u d i e s  w i l l  determine t h e  
calcium carbonate concent ra t ion  i n  t h e  sediment. 

Table 7.1 Exchange Capac i t i e s  and pH of Clinch River  Bottom Sediments 

Exchange Capaci ty (meq/100 g) 
'I 'otal 

CR T o t a l  Determined Excess 
Mile pH N a  K Ca Mg Cations Capaci ty Cations 

4.7 7.50 o o 13.4 5.6 19.0 11.0 8 .o 
7.6 7.60 o o 16.0 6.2 22.2 11.9 10.3 

11.9 7.85 o o 21.1 5.6 26.7 10.7 16.0 
5 . 3  7.28 o o 14.4 6.9 21.3 11.7 9.6 
9 . 2  7.78 o o 15.0 5.8 20.8 11.2 9.6 

-R 
On Loan from Tennessee D i s t r i c t  Surface Water Branch, Water Resources 

Division,  U .  S. Geological  Survey. 



The r e s u l t s  of mineralogic de te rn ina t ions  by  X-ray d i f f r a c t i o n  
i n t e n s i t i e s  show t h a t  t h e  sand and s i l t - s i z e  p a r t i c l e s  of the  bottom 
sediments a r e  mostly quartz  wi th  t r a c e s  of f e ldspa r s .  The low n i c a  
and vermicul i te  contents  of t h e  c lay-s ize  f r a c t i o n  of sediments,as 
shown i n  Table 7.2, he lp  expla in  t h e  low exchangeable potassium, 

Table 7.2 Mineral Content of Clay-Size P a r t i c l e s  of Clinch River  
Bottom Sediments 

Mineral Content j ~ a r t s  Der 10)  
Randomly 

CRM Quar tz  V e r n i c u l i t e  Mica K a o l i n i t e  ~ n t e r s t r a t i f  i e d  
Vermiculite-Mica 

because f i x a t i o n  of potassium i s  commonly a s s o c i a t e d  wi th  t h e s e  
minerals .  More accura te  determinat ion of t h e  minerals  would r equ i re  
f u r t h e r  analyses  of t h e  sediments. 

Core samples of bottom sediments used i n  t h e  determinat ions were 
co l l ec ted  a t  t e n  equa l ly  spaced i n t e r v a l s  a long f o u r  cross-sec t ions  
previous ly  monumented by TVA, CRM 4.7, 7.6, 11.9, and 19.2, and a t  
another  c ross-sec t ion ,  CRM 15.3,and composited. The composites were 
submitted t o  t h e  Denver Laboratories  of t h e  Geochenistry and 
Petrology Branch, U .  S . Geological Survey, f o r  mineralogic and 
exchange capaci ty  analyses .  Exchange capac i t i e s  were determined by 
leaching t h e  samples with 1 M m4Cl .  The l eacha tes  were r e t a i n e d  
f o r  ca t ion  analyses  (flame photometry f o r  N a  and K and versene 
t i t r a t i o n  f o r  Ca and Ng). The samples were then  washed wi th  
C2H50H. The ammonia was d i s t i l l e d  o f f  and t i t r a t e d  wi th  0 . 1  N K C 1  
f o r  t h e  t o t a l  capaci ty .  The pH's of t h e  samples were deterruined on 
a 1:10 soi1:water r a t i o .  

D i lu t ion  Fac to r s .  Radioact ive r e l e a s e s  t o  t h e  Clinch River  
from White Oak Creek a r e  d i l u t e d  p ropor t iona l ly  t o  t h e  r a t i o  of 
t h e  two flohTs. The minimum monthly d i l u t i o n  f a c t o r s ,  Clinch 
f l o w h h i t e  Oak flow, were computed f o r  t h e  per iod  1951-60 
t o  be < 570. The maximum monthly d i l u t i o n  f a c t o r s  were > 570 
except i n  March and A p r i l .  From the dura t ion  curve of  t h e  d a i l y  
d i l u t i o n  f a c t o r s ,  t h e  median was foand t o  be  570, wi th  a minimum 
of 5.6 and a maximum of 4400. Frequency s t u d i e s  showed minimam 
d a i l y  d i l u t i o n  f a c t o r s  of 20, 12, 8.8, 7.0, and 5.6 f o r  
recurrence i n t e r v a l s  of 2, 4, 6, 8, and 10 years ,  and minimum 
monthly d i l u t i o n  f a c t o r s  of 120, 81, 72, 70, and 68 f o r  t h e  same 
i n t e r v a l s .  



During the base period the cumulative departure of precipitation 
from the average for the long-term meteorological station at Clinton, 
Tennessee, was zero. Flow records for the period were available 
for the Clinch River near Scarboro, Tennessee, but not for White 
Oak Creek at White Oak Dam for the entire period. Flows for the 
missing periods were determined from correlation curves with 
records for stations on White Oak Creek upstrearn from the dam. 

7.2 Meetings of Steering Committee (R. J. Morton) 

The Clinch River Study Steering Committee, established in 
December 1959, is composed of nine members: one representative 
each from Oak Ridge National Laboratory, U.S. Geological Survey, 
U.S. Public Health Service, Tennessee Valley Authority, Tennessee 
Game and Fish Commission, and Tennessee Department of Public Health, 
the active participating agencies; and an ex officio representative 
from each of the AEC offices, Division of Reactor Development, 
Division of Biology and Medicine, and Oak Ridge Operations. 

It is responsible, generally, for decisions on the scope and 
direction of the program, co-ordination of work by the various 
participating agencies, and dissemination of information obtained 
in the study. Details of the Steering Committee's functions 
are performed by subcommittees,of which there are at present four: 
water sampling and analysis, bottom sediment sampling and analysis, 
aquatic biology, and safety evaluation. The committee holds open 
sessions and executive meetings about twice a year, with 
additional special meetings called when necessary. An open session 
and an executive meeting were held on Oct. 27, 1961, and a special 
executive meeting on NOV. 21, 1961. 

The open session was conducted as an information meeting, and 
was attended also by members of the study staff and invited 
visitors. Progress and results in the programs being carried out 
on water sampling and analysis, studies of bottom sediments, 
hydrologic measurements, and ecological investigations were presented 
in ten oral reports by members of the staff and chairmen of 
subcommittees. Written summaries of these reports will be 
incorporated into "Status Report No. 3 on the Clinch River Study," 
which is in preparation. 

At the executive meeting on October 27, the Steering Committee 
discussed with a representative of the Public Health Service's 
water-quality network the interrelation of network sampling and 
analysis with the Clinch River study. It was decided to co-operate 
and exchange data with the USPHS water quality network program. 
The committee approved release for publication of three papers: 
(1) "Density Gradient Separation of Plankton and Clay from River 
water" by W. T. Lammers, (2) "Biogeochemistry of Strontium and 
Calcium in clams" by D. J. Nelson, and (3)"~adiation Effects on 
Biota - Estimated Radiation Dose Received by Diptera with Life 
Stages in Bottom Sediment" by D. J. Nelson, all three of which were 



based on da ta  obtained i n  connection with t h e  Clinch River  s tudy.  
The committee a l s o  author ized  and appointed members t o  a new 
Subcommittee on S a f e t y  Evaluat ion t o  analyze p o t e n t i a l  hazards 
and evalua te  t h e  s a f e t y  of waste d i sposa l  t o  t h e  Clinch River a s  
now prac t i ced  o r  envisioned f o r  t h e  f u t u r e .  

The November 21  meeting of t h e  S tee r ing  Committee was a t tended 
a l s o  by members of t h e  Subcommittee on S a f e t y  Evaluation, f o r  t h e  
purpose of de f in ing  t h e  r e s p o n s i b i l i t i e s  and c r i t e r i a  t o  be  used 
by t h i s  subcommittee. The subcommittee was i n s t r u c t e d  t o  consider  
s a f e t y  downstream from White Oak Creek; consider  t h e  hazards 
of r ad ioac t ive  waste i n  r i v e r ,  streams, and lakes ;  base i t s  
a n a l y s i s  of s a f e t y  on summaries of da ta  p r imar i ly  from t h e  Clinch 
River  s tudy but  a l s o  from o t h e r  sources; consider  t h e  r ad ia t ion  
p ro tec t ion  guides of t h e  Federa l  Radiat ion Council a s  a b a s i s  f o r  
evalua t ing  safe ty ;  and consider  t h e  s a f e t y  of discharges of wastes 
from rou t ine  opera t ions .  As a check l i s t  of p o t e n t i a l  waste- 
d i sposa l  hazards, t h e  S tee r ing  Committee adopted and s l i g h t l y  
revised  "Exposure Pathways of Released Radioact ive ~ J a s t e s "  from 
a statement by H .  M.  Parker  i n  Hearings on I n d u s t r i a l  Radioact ive 
Waste Disposal before  t h e  Spec ia l  Subcommittee on Radia t ion  of t h e  
J o i n t  Committee on Atomic Energy, U. S.  Congress, ~ a n . 2 8  t o  Feb.3, 
1959 (~01.3,  pages 2359-64) 

8.0 FUNDAMENTAL STUDIES OF MIT\lERALS 

8.1 Ruthenium Sorpt ion  by S u l f i d e  Minerals and Vermiculi te  
( D .  G .  Jacobs, A .  L. Mohan*) 

Most of t h e  c a t i o n i c  f i s s i o n  products i n  t h e  h igh ly  b a s i c  
ORNL in termedia te- level  waste a r e  re ta ined ,  by a combination of 
s e l e c t i v e  i o n  exchange and p r e c i p i t a t i o n ,  i n  t h e  seepage p i t s  
excavated i n  Conasauga shale,  thus  reducing t h e i r  r a t e  of t r a v e l  
t o  a small  f r a c t i o n  of t h a t  of t h e  ground water .  However, 
ruthenium moves through t h e  ground nea r ly  a s  r a p i d l y  a s  t h e  
ground water, although a t  some d i s t ances  from t h e  p i t s  i t s  
concent ra t ion  i n  t h e  ground water i s  lower than  p red ic t ed  by 
simple d i l u t i o n  and decay (23) ,  i n d i c a t i n g  some removal by t h e  
sha le .  A s tudy of r u t h e n i u m r e t e n t i o n  was undertaken because, 
i n  s p i t e  of t h e  comparatively high permiss ib le  l i m i t s  f o r  RU-106, 
i t s  continued d ischarge  t o  t h e  environment c o n s t i t u t e s  a nuisance. 
Because of t h e  chemical na ture  of ruthenium, a twofold approach 
was attempted: (1) replacement of ruthenium f o r  o t h e r  l a t t i c e  ions 
a t  t h e  sur face  of s u l f i d e  minerals,  t ak ing  advantage of t h e  
i n s o l u b i l i t y  of l a u r i t e  ( R U S ~ ) ;  and (2 )  reduct ion  of ruthenium t o  
a p o s i t i v e l y  charged species  f o r  subsequent so rp t ion  by n a t u r a l  
ca t ion  exchangers. 

Experimental Resul t s .  Radioactive s o l u t i o n  obtained from 
a seep near  Waste P i t  No. 4 was used t o  prepare  t h e  experimental 
so lu t ions .  By f a r  t h e  most abundant radionucl ide  was Ru-~h-106 
*Alien ~ue-f Energy Establishment,  Trombay,Bombay, Ind ia .  



ÿÿ able 8.1), and t h e  chief  s a l t  was NaNO (sodium was not determined, 3 
but  it i s  the  major ca t ion  of t h e  in termedia te- level  waste discharged 
t o  the  seepage p i t s ) .  The pH of t h e  seep solut ion,  8.6, i s  
considerably lower than t h a t  of t h e  discharged waste, which averages 
0.22 M NaOH. The seep so lu t ion  was d i l u t e d  t o  decrease t h e  a c t i v i t y  
l e v e l a n d  then brought t o  t h e  chemical concentrat ion of t h e  d i s -  
charged waste stream eo able 8 .2) .  Increas ing t h e  hydroxyl ion  
concentrat ion of t h e  so lu t ion  t o  0.22 M OH- r e s u l t e d  i n  
p r e c i p i t a t i o n  of M~(oH)*,  which scavenged - % of t h e  ruthenium 
a c t i v i t y .  The decanted supernatant was then  used f o r  subsequent 
experiments. Experiments were a l s o  conducted with a s y n t h e t i c  
so lu t ion  of t h e  same composition a s  t h e  a c t u a l  waste, containing 
RU-106 C 1  obtained from t h e  ORNL Isotopes  Division.  The f o u r  3 s u l f i d e  mlnerals used a s  so rp t ive  media - p y r i t e  ( F ~ S ~ ) ,  
chalcopyri te  ( c ~ F ~ s ~ ) ,  chalcoci te  ( c u ~ s ) ~  and s t i b n i t e  (Sb2S3) - 
were obtained from Wards Natural  Science Establishment, 
Rochester, N.Y.; t h e  vermicul i te  (BO-4) was from t h e  
Zonoli te  Company, Travelers  Rest,  S. C .  

Table 8.1 Analysis of So lu t ion  Obtained from a Seep Near Waste 
P i t  No. 4, Apr i l  3,  1961 

Radiochemi c a l s  Amount ( d/m/ml) S tab le  Chemicals Amount ( ppm) 

R U  - ~ h  -106 9.30 x 105 NO; 

CO-60 5 - 5 1  S04 
c s -137 2.90 M ~ + +  

S r  -90 - 1 ca * 
TRE 1.8 ~ i +  

s r++ 

~ e + + -  ~ e 3 +  

~ n + +  

Table 8.2 Xeighted Average Composition of Waste Stream Discharged 
t o  Seepage P i t s  2, 3, and 4a 

Component Amount (M) - Component Amount ( M )  - 

NaNO 
3 

A1(No3) 3 0.022 N a C  1 0.006 

"Data provided by K .  E.  Cowser. 



S l u r r y  s t u d i e s  of t h e  e f f e c t  of  p a r t i c l e  s i z e  of t h e  s u l f i d e  
minerals  were inconclus ive .  So rp t ion  of ruthenium on 0 . 1  g  of p y r i t s  
o r  s t i b n i t e  o r e  from 100 m l  of d i l u t e d  seep s o l u t i o n  a t  pH 11.8 
was n e g l i g i b l e  f o r  a l l  p a r t i c l e  s i z e  ranges from 100 mesh t o  l e s s  
t han  270 mesh o re .  So rp t ion  by 0 . 1  g  of cha l copyr i t e  o r  c h a l c o c i t e  
was measurable, b u t  t h e r e  was no r e g u l a r  dependence of s o r p t i o n  on 
p a r t i c l e  s i z e .  

Y i th  vary ing  pH (@I 3 t o  0.22 M OH-), ruthenium removal was 
g r e a t e s t  between pH 6 and 11.  his-is t h e  range i n  which maximum 
concent ra t ions  of polymeric ruthenium dioxide  would b e  expected. 
The systems s tud ied  contained 1 g of cha l copyr i t e  o r e  p e r  
100 m l  of s o l u t i o n .  

Ruthenium removal from d i l u t e d  seep s o l u t i o n  ( p ~  11.8) by 
< 270 mesh cha lcopyr i t e  o re  was maximum with 1 g of ore  p e r  
100 m l  of s o l u t i o n  ( F i g .  8.1). The amount of o r e  v a r i e d  from 0 .1  
t o  4.0 g / l O O  m l ,  and removal a c t u a l l y  decreased  when t h e  amount 
of o re  was inc reased  from 1 t o  2  g/100 m l ,  t hen  inc reased  
slowly wi th  h igher  amounts of sorbent .  Analysis  of t h e  
superna tan t  s o l u t i o n s  f o r  i ron ,  copper, and s u l f i d e  i o n  and 
f o r  pH showed no s i g n i f i c a n t  d i f f e r e n c e  wi th  va ry ing  amounts of 
o re .  Addit ion of 100 ppm CU++ o r  Fe3+ d i d  not  e l imina te  t h e  
peak so rp t ion  a t  1 g ore/100 m l ,  b u t  s o r p t i o n  was decreased 
s l i g h t l y  with a l l  amounts of o r e .  The a d d i t i o n  of  100 ppm 
s u l f i d e  i o n  no t  on ly  markedly decreased ruthenium s o r p t i o n  b u t  
a l s o  e l imina ted  t h e  peak i n  t h e  so rp t ion  curve. No explana t ion  
was found f o r  t h e  occurrence of t h e  peak i n  t h e  s o r p t i o n  curve 
o r  i t s  e l imina t ion  by t h e  a d d i t i o n  of s u l f i d e  ion .  Furthermore, 
t h e  s o r p t i o n  peak d i d  not  occur when t h e  s e r i e s  was reproduced 
us ing  t h e  same s o l u t i o n s  b u t  wi th  f r e s h l y  ground cha lcopyr i t e  o re .  

So rp t ion  of ruthenium by formation of  RuS2 a t  t h e  s u r f a c e  
of s u l f i d e  minera ls  should be  f a c i l i t a t e d  by  r educ t ion  of t h e  
ruthenium, and t h e  a d d i t i o n  of i nc reas ing  concent ra t ions  of 
sodium h y d r o s u l f i t e  a c t u a l l y  d i d  i n c r e a s e  ruthenium s o r p t i o n  
(F ig .  8 .1 j .  Use of t h e  reducing agent  a l s o  y i e lded  a  smooth 
so rp t ion  isotherm, e l imina t ing  t h e  s o r p t i o n  peak a t  1 g ore/100 m l .  
Ruthenium s o r p t i o n  i n  s l l  f o u r  s u l f i d e  o re s  was much h i g h e r  from 
s y n t h e t i c  waste prepared  wi th  RU-106 C 1 3  ( ~ i g .  8 .2)  t h a n  from t h e  
d i l u t e d  seep s o l u t i o n  of  t h e  same s t a b l e  chemical composition. 
The lower s o r p t i o n  of ruthenium from d i l u t e  seep s o l u t i o n  coupled 
wi th  a  s o r p t i o n  isotherm t h a t  a sympto t i ca l ly  approaches l e s s  than  
100% s o r p t i o n  wi th  i n c r e a s i n g  amounts of sorbent  sugges ts  t h e  
presence of more than  one spec i e s  of ruthenium i n  t h e  seepage 
s o l u t i o n .  

I n  a  s h o r t  s e r i e s  of experiments i n  which t h e  d i l u t e  seep 
s o l u t i o n  was run  through a  0.5-in.-dia column conta in ing  
100-150 mesh s u l f i d e  o re s  under t h e  same condi t ions  a s  t h e  
s l u r r y  s t u d i e s  mentioned above, leakage of  ruthenium through 
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t h e  column was q u i t e  high. Counting of dup l i ca te  samples of 
chalcopyr i te  and s t i b n i t e  from d i f f e r e n t  sec t ions  of t h e  columns 
showed l i t t l e  o r  no r e t e n t i o n   able 8.3). For p y r i t e  and 
chalcoci te ,  r e t e n t i o n  was somewhat g r e a t e r .  Vermiculi te  columns 

Table 8 .3  Dis t r ibu t ion  of Ruthenium Ac t iv i ty  i n  Su l f ide  Ore and 
Vermiculi te Columns 
Sorbent p a r t i c l e  s i z e :  100-150 mesh 

cpm pe r  g/cpm pe r  m l  of i n f luen t  
Vermiculi te Vermiculi te Vermiculi te 

Sec- P y r i t e  Chalco- Chal- S t ib -Vermi -  After After  w i t h  0.0133 M_ 
ti or1 p y r i t e  c o c i t e  n i t e  c u l i t e  P y r i t e  Chalcocite Na2S204 

TOP 14.4 0.71 7.6 2.4 1.14 0.44 0.34 16 .O 

2  14.7 0.71 12.4 2.4 1.10 0.39 0.32 3 - 2  

7 11.7 0.89 16.2 2.4 0.99 0.50 0.40 2.4 
4 8.6 1.02 15.0 2  0.86 0.56 o  .48 2.2 

5  6.2 1 .05 10.8 2.6 0.73 0.55 0.59 2.7 

B O ~ -  5.1 1.18 9.0 3.3 0.78 0.55 0.51 1.9 
tom 

placed a f t e r  t h e s e  columns removed n e g l i g i b l e  amounts of ruthenium, 
i n d i c a t i n g  t h a t  these  ores  do not reduce t h e  ruthenium t o  a n  
exchangeable species .  Sodium h y d r o s u l f i t e  was more e f f e c t i v e  a s  a 
reducing agent ,  bu t  t h e  q u a n t i t i e s  requi red  were t o o  g r e a t  t o  
suggest i t s  use on a p r a c t i c a l  b a s i s .  

The f a c t  t h a t  ruthenium loading was not maximum on t h e  i n i t i a l  
po r t ion  of t h e  column b u t  some d i s t ance  down ind ica ted  a change i n  
the  sorbent by t h e  continued leaching wi th  t h e  sodium n i t r a t e -  
conta in ing  waste. A p y r i t e  o re  column t h a t  had been s a t u r a t e d  with 
sodium by 3 h r  continuous leaching wi th  3 M NaCl removed 50% l e s s  
ruthenium from d i l u t e d  seep so lu t ion  than  d i d  a n  unt rea ted  column. 

Summary. Ruthenium so rp t ion  from waste p i t  seepage s o l u t i o n  
by both  s u l f i d e  minerals  and ve rmicu l i t e  was low; however, t h e  more 
e a s i l y  sorbed species  would have been removed a s  the  waste 
percola ted  through t h e  ground t o  t h e  seep. Strong reducing agents  
i n  a l k a l i n e  media improved so rp t ion  i f  s u f f i c i e n t  q u a n t i t i e s  were 
used, bu t  t h e  s u l f i d e  minerals d i d  not reduce ruthenium t o  an  
e a s i l y  sorbed form. Sorpt ion  on s u l f i d e  minerals  from 
s y n t h e t i c  waste was apprec iable  when t h e  ruthenium was i n  a 
s u i t a b l e  chemical form. Ruthenium removal from seep s o l u t i o n  w a s  
optimum a t  pH 6-11, suggest ing t h a t  continued removal of ruthenium 
i n  t h e  ground r e s u l t s  p r imar i ly  from f i l t r a t i o n  of polymeric 
ruthenium dioxide.  



9 .o WHITE OAK CREEK BASIN STUDY* 

( T  . Lomenick) 

Temporary water  sampling s t a t i o n s  have been i n s t a l l e d  along 
White Oak Creek a t  miles 2.6 and 3.9 and t h e  t r i b u t a r y  stream 
dra in ing  t h e  northwest po r t ion  of t h e  a r e a  t o  determine t h e  amount 
and type of a c t i v i t y  cont r ibuted  t o  t h e  creek from f a l l o u t  and from 
o the r  sources t h a t  cannot be monitored d i r e c t l y .  I n  addi t ion ,  t h e s e  
s t a t i o n s  provide information on t h e  chemical composition of creek 
water,  t r a n s p o r t  of sediments, and flow i n  t h e  creek. Representat ive 
samples of t h e  e f f l u e n t  from t h e  laundry and t h e  sewage treatment  
p l a n t  a r e  a l s o  taken.  

The sampling instruments  a t  the  creek s t a t i o n s  and sewage 
treatment  p l a n t  a r e  ba t te ry-opera ted  scoop-type devices t h a t  
take  samples continuously and i n  propor t ion  t o  t h e  head behind 
t h e  weirs  o r  p a r s h a l l  flumes ( ~ i g .  9 .1) .  The d ischarge  a t  each 
s t a t i o n  i s  continuously recorded by wa te r - l eve l  r ecorde r s .  

Included i n  t h e  drainage a r e a  of the  northwest t r i b u t a r y  
stream, which comprises approximately 16% of t h e  t o t a l  a r e a  of 
the  White Oak Creek drainage basin,  a r e  Waste B u r i a l  Ground 3 
and t h e  extreme northwest po r t ion  of t h e  ORNL p l a n t  s i t e .  
Approximately 34% of t h e  watershed i s  loca ted  above t h e  sampling 
s t a t i o n  a t  White Oak Creek mile 2.6. B u r i a l  Ground 2 and t h e  
r e t e n t i o n  ponds of t h e  LITR and ORR a r e  wi th in  t h i s  a r e a .  The 
drainage a r e a  of t h e  sampling s t a t i o n  a t  White Oak Creek mile 3.9, 
which comprises about 13% of t h e  White Oak Creek watershed, does 
not  contain any Laboratory f a c i l i t i e s  o r  waste d i sposa l  a r e a s .  
Thus, t h e  a c t i v i t y  de tec ted  a t  t h i s  s t a t i o n  i s  t h e  r e s u l t  of 
r a i n f a l l  and surface  runoff leaching and t r a n s p o r t i n g  s o i l s  
contaminated by Laboratory and genera l  f a l l o u t  (approximately 
3 cu r i e s  s q  mi/year) . Contamination de tec ted  a t  t h e  o t h e r  stream 
sampling po in t s  inc ludes  t h a t  a s soc ia t ed  with f a l l o u t ,  discharges o r  
seepage from known sources wi th in  t h e  drainage areas ,  and a s  y e t  
unknovn o r  undefined sources.  

The t o t a l  amount of s tront ium detec ted  a t  t h e  stream-sampling 
s t a t i o n s  from A p r i l  20 t o  Aug. 4, 1961, appears t o  vary with the  
discharge  able 9.1, F i g .  9.2) .  This  suggests  t h a t  most of t h e  
s tront ium e n t e r s  t h e  stream due t o  ground and surface  water  leaching 
and not t o  sporadic r e l e a s e s  o r  s p i l l s ,  e t c .  

 his pro jec t ,  e n t i t l e d  "Environmental Radiat ion S tud ies :  Evaluat ion 
of  F i s s i o n  Product D i s t r i b u t i o n  and Movement i n  White Oak Creek 
Drainage  asi in" (AEC A c t i v i t y  Number 060501000) i s  supported by t h e  
U .S . Atomic Energy Commission's Division of Biology and Medicine. 
A l l  o t h e r  p r o j e c t s  co~rered i n  t h i s  Bimonthly Progress Report a r e  
supported by t h e  Division of Reactor  Development (AEC A c t i v i t y  
Number 040405021) . 





The percentage of s t ront ium sorbed on suspended s o l i d s  i n  t h e  
creek water  samples v a r i e d  from 0.5 t o  2.9 a t  t h e  northwest t r i b u t a r y  
and from 1.1 t o  17% a t  White Oak Creek mi le  2.6 s t a t i o n .  There i s  a  
r e l a t i o n  between t h e  percentage sorbed and t h e  concent ra t ion  of suspended 
s o l i d s  i n  t h e  creek (F ig .  9.3). However, t h e  concent ra t ion  of suspended 
s o l i d s  i n  t h e  water  does not  vary  d i r e c t l y  wi th  d i scha rge .  
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Fig. 9.2. Stream Discharge and Stront ium Transport  a t  Northwest 
T r i b u t a r y  S t a t i o n .  

Approximately 560 of s t ront ium was d e t e c t e d  i n  White 
Oak Creek a t  mi le  3.9 dur ing  t h e  pe r iod  June 2 - Ju ly  28, 1961. 
Thus, a n  average 1.1 wc p e r  a c r e  of watershed was con t r ibu ted  
t o  t h e  creek dur ing  t h i s  per iod .  Assuming t h i s  r a t e  t o  be  
r e p r e s e n t a t i v e  of t h e  e n t i r e  drainage system, t h e  amount of 
s t ront ium a s s o c i a t e d  wi th  f a l l o u t  a t  t h e  White Oak Creek mi le  2.6 
s t a t i o n  f o r  t h e  same pe r iod  was 1435 pc, o r  2.5% of t h e  t o t a l  
de t ec t ed .  For  t h e  northwest t r i b u t a r y  s t a t i on ,697  pc, o r  
4.4% of t h e  t o t a l  s t ront ium pass ing  t h e  s t a t i o n ,  was due t o  
f a l l o u t .  



Table 9 .1  Strontium Measured a t  Stream-Sampling S ta t ions  

Vol Discharged ~ ~ - 8 9  go Vol Discharged sr-89 90 
Date (103 gal)  ( P C  Date (103 ga l  (11.1 

Northwest Tributary White Oak Creek Mile 2.6 

Mile 3.9 
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Fig. 9.3. Suspended Solids and Percentage of Strontium Sorbed a t  
White Oak Creek Mile 2.6 Station.  
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