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I n t r o d u c t i o n  

The l a r g e  q u a n t i t y  o f  water produced by i n  s i t u  o i l  sha le  r e t o r t i n g  processes 
poses a p o t e n t i a l  p o l l u t i o n  problem o f  s i g n i f i c a n t  magnitude. 
experiments conducted i n  t h e  Laramie NTU type  s imu la ted  i n  s i t u  r e t o r t s  have been 
examined (1) and have been shown t o  con ta in  l a r g e  concen t ra t i ons  o f  o rgan ic  and i n -  
organic  species t h a t  cou ld  p o l l u t e  t h e  environment i f  n o t  removed p r i o r  t o  d i sposa l  
of t h e  water .  A s tudy by Cook (2)  o f  water  produced f rom t h e  Tosco I1 process r e -  
vealed t h e  presence o f  a v a r i e t y  o f  o rgan ic  m a t e r i a l s  t h a t  cou ld  a l s o  harm t h e  
environment. Fur ther ,  Hubbard ( 3 )  s tud ied  t h e  process water  produced b y  the  Bureau 
of Mines gas combustion r e t o r t  operated a t  R i f l e ,  Colorado, and t h e  wa te r  produced 
from the  i n  s i t u  r e t o r t i n g  process near  Rock Springs, Wyoming. 
waste water  produced by b o t h  processes conta ined e s s e n t i a l l y  t h e  same components 
a1 though i n  d i f f e r e n t  q u a n t i t i e s .  
t o  t r e a t  t h e  waste water. 
a c t i v a t e d  carbon, a c a t i o n  exchange res in ,  and f i n a l l y  an i o n  exchange r e s i n .  
h i s  second scheme he suggested t h a t  t h e  waste water  should f i r s t  be con tac ted  w i t h  
a c t i v a t e d  carbon and then w i t h  l i m e  and t h e  i o n  exchange r e s i n s .  
i t  may be poss ib le  t o  recove r  ammonia and ammonia s a l t s  i n  a d d i t i o n  t o  p u r i f y i n g  t h e  
water. 

A number o f  o t h e r  i n v e s t i g a t o r s  have a l s o  s tud ied  var ious r e t o r t  waters  and 

Waters c o l l e c t e d  f rom 

He found t h a t  t h e  

Hubbard suggested two s l i g h t l y  d i f f e r e n t  schemes 
One was t o  f i r s t  c o n t a c t  t h e  water  wi th l i m e  fo l l owed  by: 

He concluded t h a t  

I n  

have found e s s e n t i a l l y  a l l  t h e  species i d e n t i f i e d  i n  t h e  work o f  Jackson e t  a l .  ( 1 ) .  
Using t h e  assumption O f  Harak, Long, and Carpenter (4), t h a t  one b a r r e l  o f  water  i s  
produced wi th each b a r r e l  o f  o i l ,  a 50,000 b a r r e l  p e r  day i n  s i t u  process would p ro -  
duce 2352 ac re  feet  o f  wa te r  annual ly .  Consequently, t h e  s tudy  o f  methods t o  t r e a t  
r e t o r t  water i s  ve ry  impor tan t  t o  t h e  development o f  a v i a b l e  shale o i l  i n d u s t r y .  

The most p reva len t  spec ies found i n  t h e  r e t o r t  water a r e  t h e  ammonium i o n s  and 
t h e  carbonates. Because they  a re  present  i n  l a r g e  q u a n t i t i e s ,  13,000 ppm ammonia 
and 45,000 ppm carbonates, t hey  must be d e a l t  w i t h  p r i o r  t o  t h e  t rea tmen t  o f  r e t o r t  
water by e i t h e r  adso rp t i ve  o r  i o n  exchange techniques. A search of  t h e  l i t e r a t u r e  
(5-19) revealed t h a t  t h e  pet ro leum i n d u s t r y  r o u t i n e l y  uses h o t  gases, p a r t i c u l a r l y  
steam and f l u e  gases, t o  s t r i p  sour water c o n t a i n i n g  H2S and NH3. Because o f  t h e  
success o f  t h e  pet ro leum i n d u s t r y  i n  removing H2S and NH3, t h e  removal o f  ammonium 
i o n s  and carbonates from r e t o r t  wa te r  appears f e a s i b l e  and w i l l  be addressed i n  t h i s  
study. 

Experimental 

s t r i p p i n g  column equipped w i t h  f l u i d  hand l i ng  dev ices,  heat  t r a n s f e r  equipment, 
and temperature and pressure mon i to r i ng  sensors; a schematic o f  t h e  apparatus i s  
shown i n  F igu re  1. The l i q u i d  feed i s  i n t roduced  i n t o  t h e  column w i t h  a v a r i a b l e  
speed diaphram type me te r ing  pump and the  f l o w  r a t e  i s  measured w i t h  a ro tameter .  
P r i o r  t o  e n t e r i n g  t h e  column, t h e  feed  wa te r  f l ows  through a t h r e e  zone e l e c t r i c a l  
res i s tance  furnace where i t  i s  heated t o  t h e  des i red  temperature. 

The equipment used i n  c a r r y i n g  o u t  t h e  exper imenta l  s tudy  c o n s i s t s  o f  a 

The gas system i s  p r e s e n t l y  s e t  up f o r  two types o f  gases; one i s  steam supp l i ed  
by a m i n i a t u r e  steam generator ,  t h e  second i s  a b o t t l e d  gas, such as compressed 
n i t r o g e n  o r  a i r .  The gas a l s o  f l ows  through an e l e c t r i c a l  r e s i s t a n c e  furnace where 
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heat  is  t r a n s f e r r e d  i n t o  a twenty f o o t  l o n g  s e c t i o n  o f  t i g h t l y  c o i l e d  s t a i n l e s s  
s t e e l  tub ing.  From t h e  furnace,  t he  s t r i p p i n g  gas passes through a rotameter  and 
i s  i n j e c t e d  i n t o  t h e  bo t tom o f  the column where i t  f l ows  upward, coun te rcu r ren t  t o  
the  downward f l o w i n g  l i q u i d  feed. 
passes through a smal l  w a t e r  cooled hea t  exchanger, t hen  through two wa te r  t raps  
and f i n a l l y  i s  vented t o  t h e  atmosphere. The s t r i p p e d  water  f l ows  f rom t h e  bottom 
o f  t h e  column, through another  small  heat  exchanger and i s  c o l l e c t e d  f o r  subsequent 
anal y s i  s. 

i n l e t  and o u t l e t  p o r t s  on t he  column as w e l l  as on t h e  heat  exchangers. 
t h e  i n l e t  temperatures o f  t he  gas and l i q u i d  streams i s  made by two separate tem- 
p e r a t u r e  c o n t r o l l e r s .  
d i g i t a l  readout dev ice connected i n  p a r a l l e l  t o  a m i l l i v o l t  reco rde r .  The abso lu te  
pressure i s  moni tored w i t h  a pressure t ransducer  connected t o  a d i g i t a l  m i l l i v o l t  
o u t p u t  device. 

The column i t s e l f  i s  cons t ruc ted  o f  heavy w a l l ,  two i n c h  NPS g lass  p i p e  made 
up i n  s i x  sect ions o f  v a r y i n g  l eng ths  f o r  a t o t a l  h e i g h t  o f  n i n e  and one h a l f  feet; 
t h e  sect ions a r e  f l anged  toge the r  us ing  a Te f lon  type gasket m a t e r i a l .  The pack ing  
h e i g h t  can be v a r i e d  by u s i n g  one o f  f o u r  d i f f e r e n t  l i q u i d  i n j e c t i o n  p o r t s  a long 
t h e  column. 
t h e  l i q u i d  e x i t s .  The gas passes upward through t h e  i r r i g a t e d  pack ing and i s  removed 
from t h e  top  o f  t he  column. Connections f rom t h e  1/4 i n c h  s t a i n l e s s  s t e e l  t u b i n g  
and t h e  3/8 i n c h  g lass  column p o r t s  a r e  made by a combinat ion o f  f l e x i b l e  s t a i n l e s s  
s t e e l  hose and a s p e c i a l  T e f l o n  reducing union.  I n  o r d e r  t o  o b t a i n  r e p r e s e n t a t i v e  
data,  i t  has been suggested t h a t  t he  column d iameter  be approx imate ly  e i g h t  t imes 
g r e a t e r  than t h e  pack ing s i ze .  Consequently, t h e  two i n c h  column used i n  t h i s  s tudy 
i s  packed w i t h  1/4 i n c h  I n t a l o x  saddles. To decrease water  ent ra inment ,  four  inches 
of Pyrex g lass  wool i s  packed i n t o  t h e  t o p  o f  t h e  column. 
t i veness  of d r y  pack ing i n  d i s t r i b u t i n g  the l i q u i d  feed  across t h e  column, a f l o w  
d i s t r i b u t o r  has been i n s t a l l e d  i n  a l l  l i q u i d  i n l e t s .  

carbon d iox ide  from a s imu la ted  r e t o r t  water  have been measured us ing  t h e  bench 
sca le  s t r i p p e r  column. 
e f f e c t s  o f  l i q u i d  and gas f l o w  ra tes ,  t he  temperature o f  t he  s t r i p p i n g  gas and 
r e t o r t  water, and t h e  pack ing he igh t .  The e f f e c t s  o f  pH, l i m e  a d d i t i o n ,  and 
comparisons between a c t u a l  and s imulated r e t o r t  wa te r  a r e  p r e s e n t l y  underway, b u t  
as y e t  have n o t  been completed. 

The gas e x i t s  from t h e  t o p  o f  t h e  tower and 

Temperature measurements a r e  made by i n 1  i n e  thermocouple connect ions a t  a l l  
Contro l  o f  

The temperatures a r e  read t o  +2 degrees Fa renhe i t  from a 

The gas e n t e r s  t h e  bottom of t he  column j u s t  above t h e  p o i n t  a t  which 

Because of t h e  inef fec-  

The e f f e c t s  o f  seve ra l  key va r iab les  on t h e  deso rp t i on  r a t e s  o f  ammonia and 

the  I n  t h i s  s tudy a number o f  parameters a re  evaluated:  

2 Water f l o w  r a t e s  v a r i e d  ove r  he range o f  430 - 1,3001b/hr ft w h i l e  gas r a t e s  5 were v a r i e d  f rom 60 - 150 l b / h r  f t  . 
SCF/gal o f  feed, and a r e  w i t h i n  the  range used t o  s t r i p  comparable q u a n t i t i e s  of 
H2S and N H 3  f rom sour wa te r  r e f i n e r y  streams. 
temperature f o r  each run; t h e  s t r i p p i n g  temperatures were v a r i e d  f rom 160 - 200 OF. 
The packed h e i g h t  a v a i l a b l e  f o r  s t r i p p i n g  can be s e t  a t :  0.98, 2.79, 4.35, o r  7.21 
f e e t  b y  changing t h e  p o s i t i o n  o f  t h e  water  feed. 
two i n c h  column were such t h a t  t h e  approach t o  f l o o d i n g  v a r i e d  f rom 12 t o  20 percent. 
These values were ma in ta ined  t o  keep ent ra inment  o f  r e t o r t  wa te r  i n  t h e  gas t o  a 
minimum. 

The water used t o  da te  has been a s imu la ted  r e t o r t  water  c o n t a i n i n g  o n l y  
ammonium bicarbonate.  The pH o f  t h i s  water  was t h a t  o f  t h e  n a t u r a l  pH of t h e  
s o l u t i o n ,  7.8 - 8.0 and t h e  average concen t ra t i ons  o f  NH3 and HC03- were 11,000 PPm 
and 43,000 ppm r e s p e c t i v e l y .  

The l i q u i d  t o  gas r a t i o s  v a r i e d  f rom 6 - 35 

The column was mainta ined a t  a constant  

F lood ing  c h a r a c t e r i s t i c s  of t he  

Resu l t s  

Several o p e r a t i n g  parameters such as:  temperature, l i q u i d  and gas f l o w  ra tes ,  
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and column he igh t ,  were eva lua ted  t o  determine t h e i r  e f f e c t  on the  s t r i p p i n g  of a 
s imulated r e t o r t  water. 
presented by Van Kreve l i n ,  e t  a l . ,  (20) and Badger and Pexton (21), show t h a t  CO2 
has a p a r t i a l  pressure h i g h e r  than NH i n  t h e  vapor phase above t h e  aqueous s o l u t i o n  
c o n t a i n i n g  these compounds. 
e q u i l i b r i u m  data i s  t h a t  i t  i s  much more d i f f i c u l t  t o  s t r i p  NH3 from s o l u t i o n  than 
CO2. 
l a r g e r ,  gas t o  l i q u i d  f l o w  r a t e s ,  and/or  t a l l e r  columns. 

HC03 ,,are shown i n  F i g u r e  2 and t h e  corresponding graph f o r  t h e  removal o f  NH3 i s  
g i ven  i n  F igu re  3. 
and the  average gas f l o w  was 165 l b / h r  ft2. 
20, and 40 S F/gal o f  s o l u t i o n  feed. As can be seen, t h e  sma l les t  l i q u i d  f l o w  o f  

r a t i o  o f  40 SCF/gal corresponds t o  t h e  maximum gas f l o w  used by the  pe t ro leum in -  
d u s t r y  t o  s t r i p  H2S and NH3 from sour water. 
concen t ra t i ons  o f  both NH3 and HCO 
From the  f igure,  i t  i s  seen t h a t  t z e  HC03- concen t ra t i on  i n i t i a l l y  ranges f rom 35,000 
t o  47,000 ppm by weight  and r a p i d l y  decreases t o  250 - 1,300 ppm. 
i n i t i a l  concen t ra t i on  o f  15,000 ppm and drops t o  3.7 ppm f o r  t h e  lowest  l i q u i d  f low 
r a t e  a f t e r  passing through 7.2 f e e t  o f  packing. 

A s i t u a t i o n  s i m i l a r  t o  t h e  one above can be seen i n  F igures 3 and 4. I n  these 
graphs the  e f f e c t s  o f  a 40 pe rcen t  gas r a t e  i nc rease  a t  t h e  constant  l i q u i d  f low 
r a t e  o f  431 l b / h r  ft2 are  i l l u s t r a t e d ;  t h e  gas t o  l i q u i d  r a t i o s  a re  29 and 4 1  
SCF/gal. 
as much as a change i n  t h e  column he igh t .  A t  a packed h e i g h t  o f  o n l y  0.98 feet ,  
t h e  HCO3- concen t ra t i on  i s  reduced from 45,000 ppm t o  approx imate ly  21,500 ppm. The 
HC03- concen t ra t i on  i s  f u r t h e r  reduced t o  about 9,000 ppm a f t e r  2.69 f e e t  of pack ing 
and t o  about 4,000 ppm a f t e r  4.35 f e e t  o f  packing. 
t r a t i o n  l e a v i n g  t h e  bot tom of  t h e  column i s  about 1,000 - 2,000 ppm. These da ta  i n d i -  
c a t e  b icarbonate removal i n  t h e  range o f  98 percent  a t  o n l y  18OoF w i t h  a corresponding 
ammonia removal o f  97 percent .  A t  t h g  same gas t o  l i q u i d  r a t i o  of about 40 SCF/gal, 
an i nc rease  i n  t h e  temperature t o  200 F pe rm i t s  removal o f  g rea te r  than 99.5 pe rcen t  
HC03-,and 99.9 percent  NH3. F igu re  6 i l l u s t r a t e s  t h e  e f f e c t s  of  temperature on t h e  
q u a n t i t y  o f  HCO 
A t  t h i s  gas t o  ? i q u i d  r a t i o  Jhe chemical e q u i l i b r i u m  s h i f t s  w i t h  t h e  i nc rease  i n  
temperature from 180' t o  200 F t o  p rov ide  a l a r g e r  d r i v i n g  f o r c e  f o r  mass t rans fe r .  
The e q u i l i b r i u m  change w i t h  i n c r e a s i n g  temperature r e s u l t s  i n  h ighe r  gas p a r t i a l  
pressures of  NH3 and CO f o r  a g i ven  l i q u i d  composit ion. 
a s h o r t e r  column cou ld  Ee used t o  produce a g i ven  e f f l u e n t  composit ion. 

Conclusions 

Th is  study demonstrates t h a t  NH3 and CO2 can be e f f e c t i v e l y  removed f rom water  
by h o t  gas s t r i p p i n g .  
of 40 SCF/gal, t h e  ammonia concen t ra t i on  was reduced from 11,000 ppm t o  3.7 ppm and 
t h e  b icarbonate concen t ra t i on  was reduced from 47,000 ppm t o  220 ppm. These values 
r e f l e c t  a removal of about 99.5%. 

of  methods i n c l u d i n g  i n c i n e r a t i o n  and adsorpt ion.  Assuming an NH3 concen t ra t i on  o f  
13,000 ppm i n  a process t h a t  produces 50,000 b a r r e l s  o f  water  p e r  day, t h e  p o t e n t i a l  
ammonia recovery would be about 41,600 tons pe r  yea r .  
t o  t h e  f e r t i l i z e r  i n d u s t r y ,  i t s  recovery should be economical ly  f e a s i b l e .  

E q u i l i b r i u m  da ta  f o r  t h e  t e r n a r y  system NH3, CO2, and H20 

The conc?usion t h a t  may be drawn by examining t h i s  

When compared t o  CO2, t h e  removal o f  NH3 requ i res :  h i g h e r  temperatures, 

-The r e l a t i v e  e f f e c t s  o f  t h e  l i q u i d  f l o w  r a t e  on the  removal o f  b i ca rbona te  i o n s ,  

Fo r  t h i s  s e t  o f  runs, t h e  temperature was h e l d  cons tan t  a t  ZOOOF 
Th is  gas r a t e  corresponded t o  about  11, 

431 l b / h r  ft 5 corresponded t o  t h e  lowest  s o l u t i o n  concen t ra t i on .  The gas t o  l i q u i d  

For  a f l o w  r a t e  of 20 SCF/gal, t h e  
a re  h ighe r  than a t  t h e  h ighes t  f l o w  r a t i o s .  

The NH3 has an 

Note t h a t  a 40 pe rcen t  gas r a t e  increase does n o t  a f f e c t  t h e  concen t ra t i ons  

The f i n a l  b icarbonate concen- 

t h a t  remains i n  s o l u t i o n  a t  a f i x e d  gas t o  l i q u i d  r a t e  o f  11 SCF/gal. 

A t  t h e  h ighe r  temperature, 

A t  a s t r i p p i n g  temperature o f  2OO0F and a s t r i p p i n g  r a t i o  

The components i n t roduced  i n t o  t h e  s t r i p p i n g  gas c o u l d  be removed by a number 

Because of t h e  va lue  o f  ammonia 
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