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AN ASPEN SIMULATION OF OIL SHALE RETORT OFF-GAS CLEANUP 
WITH VENTURI SCRUBBERS 

by 

T. T. P h i l l i p s  

A s i g n i f i  

ABSTRACT 

n t  f r a c t i o n  o f  t h e  produc t  energj  f r o m  
o i l  sha le  r e t o r t i n g  i s  con ta ined i n  t h e  r e t o r t  o f f  gas. 
Most o i l  shale processes use t h e  r e t o r t  o f f  gas f r o m  
p l a n t  f u e l .  The H2S and NH3 i n  r e t o r t  o f f  gas produce 
t o o  much SO2 and NOX t o  a l l o w  b u r n i n g  w i t h o u t  a p o l l u -  
t i o n  c o n t r o l  system. We used t h e  ASPEN f lowsheet  
s i m u l a t o r  t o  model r e t o r t  o f f -gas  c leanup by v e n t u r i  
scrubbers.  Ventur i  scrubbers a r e  commonly used t o  
remove p a r t i c u l a t e s  f rom gas streams, b u t  t h e  scrubbing 
l i q u i d  a l s o  absorbs some NH3 and H2S f rom t h e  gas. The 
ASPEN v e n t u r i  scrubber model makes good p r e d i c t i o n s  o f  
t h e  p a r t i c u l a t e  removal e f f i c i e n c y .  The ASPEN e s t i -  
mates f o r  H2S and NH3 a b s o r p t i o n  are  h i g h e r  than t h e  
e q u i l i b r i u m  a b s o r p t i o n  p r e d i c t i o n s  made by a s t a t e - o f -  
t h e - a r t  sour water v a p o r - l i q u i d  e q u i l i b r i u m  model, 
TIDES. 
s i m u l a t e  an e l e c t r o l y t e  system w i t h  a v a p o r - l i q u i d  
e q u i l i b r i u m  model t h a t  i s  designed f o r  mo lecu la r  
systems. The s i m u l a t i o n  i n d i c a t e s  t h a t  a v e n t u r i  
scrubber may absorb enough NH3 t o  serve as t h e  p r i m a r y  
NH3 removal system. The H2S absorp t ion  i s  q u i t e  low, 
however, and some o t h e r  process i s  needed t o  remove t h e  
H2S. 

The d iscrepancy probab ly  r e s u l t s  f rom t r y i n g  t o  

I. EXECUTIVE SUMMARY 
We used t h e  ASPEN f lowsheet  s i m u l a t o r  t o  model NH3 and H2S removal f r o m  

o i l  sha le  r e t o r t  o f f  gas w i t h  v e n t u r i  scrubbers.  We chose t h e  G e o k i n e t i c s  
in s i t u  r e t o r t i n g  process t o  p r o v i d e  t h e  b a s i s  f o r  t h i s  s i m u l a t i o n .  

e x i s t i n g  ASPEN u n i t  o p e r a t i o n  and p h y s i c a l  p r o p e r t y  models were used. 

our  model ing t o  A S P E N ' S  e x i s t i n g  models was a s i g n i f i c a n t  c o n s t r a i n t  because 

Only 

L i m i t i n g  
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H2S, NH3, and COP a r e  weak e l e c t r o l y t e s ;  t h a t  i s ,  t h e y  fo rm i o n s  i n  aqueous 

s o l u t i o n s .  ASPEN's s tandard p h y s i c a l  p r o p e r t y  models a r e  a l l  s p e c i f i c  t o  

mo lecu la r  systems. 

up t o  90 and 30%, r e s p e c t i v e l y .  TIDES, a s ta te -o f - the-ar t  vapor-1 i q u i d  equi -  
l i b r i u m  (VLE) model f o r  weak e l e c t r o l y t e  systems, es t imated  maximum NH3 and 

H2S absorp t ions  of 50 and '3%, r e s p e c t i v e l y .  The NH3 removal e f f i c i e n c y  found 

i n  an exper imenta l  s tudy  of r e t o r t  off-gas scrubbing was between t h e  TIDES and 

ASPEN est imates.  We b e l i e v e  t h a t  t h e  TIDES p r e d i c t i o n s  are  c l o s e r  t o  r e a l i t y  
than t h e  ASPEN p r e d i c t i o n s .  The ASPEN v e n t u r i  scrubber model c a l c u l a t e d  t h e  

p a r t i c u l a t e  removal e f f i c i e n c y  a t  80%, which was v e r y  c l o s e  t o  exper imenta l  

va lues ( f o r  a 25% h i g h e r  l i q u i d  r a t e )  o f  82 t o  92%. 

gas cleanup w i t h  v e n t u r i  scrubbers g i v e s  inadequate H2S removal. 

coming r e s u l t s  from t h e  system chemist ry ,  n o t  from t h e  a c t u a l  v e n t u r i  scrubber;  
both TIDES and ASPEN o p t i m i s t i c a l l y  assume e q u i l i b r i u m  absorp t ion  o f  t h e  gases. 

A v e n t u r i  scrubber p robab ly  would p r o v i d e  adequate NH removal f r o m  r e t o r t  

o f f  gas on p o l l u t i o n  c o n t r o l  grounds alone, b u t  t h e  i n t e r a c t i o n  o f  r e s i d u a l  

NH 

The ASPEN models p r e d i c t e d  NH3 and H2S a b s o r p t i o n  l e v e l s  

Both t h e  ASPEN and TIDES es t imates  f o r  H2S a b s o r p t i o n  i n d i c a t e  t h a t  o f f -  

T h i s  s h o r t -  

3 

on subsequent H2S a b s o r p t i o n  must be i n v e s t i g a t e d .  3 
T h i s  s tudy  i n d i c a t e d  severa l  areas where ASPEN enhancements a re  needed. 

An e x i s t i n g  ASPEN system f o r  model ing e l e c t r o l y t e  systems should be debugged 

and documented. 

debugged. 
t h a t  i t  can handle suspended s o l i d s  i n  t h e  scrubbing l i q u i d .  

ASPEN's Henry 's  law models do n o t  work p r o p e r l y  and should be 

F i n a l l y ,  ASPEN'S v e n t u r i  scrubber model needs t o  be m o d i f i e d  so 

11. INTRODUCTION 

The decrease i n  US domest ic energy p r o d u c t i o n  compared t o  growing n a t i o n a l  

consumption i s  p u t t i n g  pressure  on t h e  energy i n d u s t r y  t o  use n o n t r a d i t i o n a l  

energy resources. 

t h e  near f u t u r e  i s  t h e  Green R i v e r  o i l  sha le  f o r m a t i o n  i n  southwest Wyoming, 
nor thwest  Colorado, and n o r t h e a s t  Utah. The o i l  sha le  i n  t h i s  f o r m a t i o n  c o u l d  

p o t e n t i a l l y  produce 2 t r i l l i o n  b a r r e l s  o f  shale o i l .  However, la rge-sca le  

p r o d u c t i o n  must be v e r y  c a r e f u l l y  designed t o  min imize  t h e  adverse env i ron-  

A p o t e n t i a l l y  impor tan t  resource  t h a t  w i l l  be e x p l o i t e d  i n  

mental  impact t h a t  w i l l  accompany t h e  development o f  t h i s  resource. 

An impor tan t  aspect o f  economic o i l  sha le  p r o d u c t i o n  i s  t o  use as much o f  
t h e  s h a l e ' s  energy p o t e n t i a l  as p o s s i b l e .  Thus, a successfu l  process n o t  o n l y  

must g i v e  t h e  maximum p o s s i b l e  sha le  o i l  y i e l d ;  i t  a l s o  must use t h e  energy i n  

2 
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t h e  carbon r e s i d u e  l e f t  on t h e  sha le  a f t e r  r e t o r t i n g  and t h e  energy i n  t h e  

r e t o r t  o f f  gases t h a t  a r e  a by-product o f  t h e  r e t o r t i n g  process. 

con ten t  o f  t h e  r e t o r t  o f f  gases can range f r o m  9 t o  25% o f  t h e  o i l  energy 

conten t  i n  t y p i c a l  above-ground r e t o r t i n g .  

I n  in s i t u  r e t o r t s ,  t h e  s i t u a t i o n  i s  more compl icated because s u b s t a n t i a l  

amounts o f  C5-C12 hydrocarbons are  n o t  condensed f rom t h e  r e t o r t  o f f  gas. 

So, i t  i s  even more impor tan t  t h a t  t h e  h e a t i n g  va lue  o f  t h e  r e t o r t  o f f  gas be 

used. The o f f -gas  h e a t i n g  va lue  ranges f rom about 50 t o  150 B t ~ / s c f , ~  w i t h  

average va lues o f  about 75 B tu /sc f . *  T h i s  low h e a t i n g  v a l u e  prec ludes  t r a n s -  

p o r t i n g  t h i s  gas f o r  e x p o r t  energy. 

as f u e l  gas. Data f o r  t h e  Geokinet ics ,  Inc., R e t o r t  25 i n d i c a t e  t h a t  o f f  gas 

accounts f o r  about 12% o f  t h e  t o t a l  p roduc t  h e a t i n g  value. 

R e t o r t  o f f  gas u s u a l l y  c o n t a i n s  t o o  much s u l f u r  as H2S and n i t r o g e n  as 

ammonia t o  p e r m i t  b u r n i n g  w i t h o u t  some cleanup process. 

Geokinet ics ,  Inc., i n  s i t u  r e t o r t s  c o n t a i n s  around 1.5% H2S and 1 vo l% NH3. 

R i n a l d i ,  Thurnau, and Lotwala, who s t u d i e d  o f f -gas  p a r t i c u l a t e  removal w i t h  

v e n t u r i  scrubbers,6 found t h a t  t h e  scrubbers a l s o  removed f rom 50 t o  75% o f  

t h e  NH3. Because H2S c o n c e n t r a t i o n s  i n  t h e  o f f  gas were g r e a t e r  than t h e i r  
ins t ruments  c o u l d  analyze, accurate c a l c u l a t i o n  o f  H2S removal was impossi-  

b l e .  The s u l f u r  con ten t  o f  t h e  scrubbing l i q u i d  increased, so some H S was 

removed. 

bo th  p a r t i c u l a t e s  and gaseous p o l l u t a n t s  make them promis ing  candidates f o r  

r e t o r t  o f f -gas cleanup. 

o f f -gas  c leanup u s i n g  o n l y  e x i s t i n g  ASPEN p h y s i c a l  p r o p e r t y  and u n i t  o p e r a t i o n  

models. ASPEN i s  a descendant o f  f lowsheet  s i m u l a t o r s  such as FLOWTRAN, 

CHEMSHARE, and CHEOPS3hat were developed i n  t h e  l a t e  1960s. DOE sponsored 
t h e  development o f  ASPEN a t  t h e  Massachusetts I n s t i t u t e  o f  Technology (MIT) 

because t h e  e x i s t i n g  f lowsheet  s i m u l a t o r s  c o u l d  n o t  model p l a n t s  t h a t  process 
substances such as coa l  and o i l  shale. More than 40 major  companies were 

i n v o l v e d  i n  t h e  ASPEN i n d u s t r i a l  t e s t i n g  program as sponsors and as p a r t i c i -  
pants. The development o f  ASPEN r e f l e c t s  more t h a n  150 man years  o f  e f f o r t .  

The energy 

1 

2-4 

Consequently, i t  must be burned on s i t e  

5 

O f f  gas f rom 

2 
The simp1 i c i t y  o f  v e n t u r i  scrubbers and t h e i r  p o t e n t i a l  f o r  removing 

The goal  o f  t h i s  program was t o  e v a l u a t e  v e n t u r i  scrubbers f o r  o i l  s h a l e  

*This  i n f o r m a t i o n  was ob ta ined f rom 3.  Lekas, Geokinet ics ,  Inc., November 12, 
1982. 
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The ASPEN code c o n s i s t s  o f  over  350 000 l i n e s  o f  FORTRAN code and has more 

than 1500 subrout ines.  
ASPEN has been i n s t a l l e d  on t h e  Los Alamos C R A Y  computers. 

To date, t h e  Los Alamos C R A Y  v e r s i o n  o f  ASPEN i s  t h e  o n l y  

I t  o r i g i n a l l y  
was developed on I B M  computers, and i t s  convers ion f o r  t h e  CRAY 1 computer was 

a major chal lenge.  

successfu l  s i n g l e - p r e c i s i o n  v e r s i o n  o f  ASPEN. 

sha le  r e t o r t i n g  process as t h e  feed gas f o r  t h e  v e n t u r i  s c r u b b e r O 7  The gas 
composi t ion as c a l c u l a t e d  by  ASPEN i s  g iven  i n  Table I. 
process i s  designed t o  economical ly  r e t o r t  o i l  shales t h a t  a re  c l o s e  t o  t h e  

e a r t h ' s  sur face.  

and in s i t u  shale r e t o r t s .  

I chose t h e  r e t o r t  o f f  gas f rom t h e  Geokinet ics ,  Inc., t r u e  i n  s i t u  o i l  

The Geok ine t ics  

The of f -gas composi t ion i s  t y p i c a l  o f  t h e  gases f r o m  sur face  

111. TECHNICAL BACKGROUND 

A. ASPEN V e n t u r i  Scrubber Model (VSCRUB) 

. 

VSCRUB i s  based upon up-to-date des ign c o r r e l a t i o n s  f o r  p ressure  drop and 

p a r t i c u l a t e  c o l l e c t i o n  e f f i c i e n c y .  *-lo 
MIT, t h e  u n i t s  o f  measurement were handled i n c o r r e c t l y ,  so t h e  program gave 

i n a c c u r a t e  r e s u l t s .  

w i t h  VSCRUB i s  t h a t  i t  assumes t h a t  t h e  scrubbing l i q u i d  does n o t  c o n t a i n  any 

I n  t h e  model subrout ines  r e l e a s e d  by  

That p a r t  of t h e  code has been cor rec ted .  Another problem 

TABLE I 

COMPOSITION OF VENTURI SCRUBBER FEED GAS 

Component Mol e F r a c t i o n  

c2 H4 
C2H6 
C3H6 
c3 H8 
c4 H8 
C4H10 
O i  1 

4 

0.6393 
0.0211 
0.0579 
0.2410 
0.0015 
0.0010 
0.0157 
0.0015 
0.0053 
0.0010 
0.0019 
0.0005 
0 . 0005 
0.0114 



, 

suspended solids. Any solids in the inlet liquid stream are not transferred to 
the outlet liquid stream, so the unit operation block will not satisfy a mass 
balance. In practice, this limitation makes it impossible to incorporate a 
simple recycle o f  the scrubbing liquid into the flowsheet. 

VLE. This is not strictly correct because the liquid droplet residence time 
is not long enough to allow the gas and liquid t o  equilibrate. ""* However, 
equilibrium absorption o f  NH3 and H2S gives the maximum amount that can be 
absorbed, so VSCRUB will give a "best case" estimate for NH3 and H2S absorp- 
tion. 
B. Sour Water Eauilibrium 

VSCRUB assumes that the exiting gas and liquid streams are in a state of 

Water containing dissolved H2S, NH3, and C02 is commonly known as sour 
water. 
when dissolved in water: 

These gases are called weak electrolytes because they react chemically 

+ +  NH3 + H20 NH4 + OH- , 

C02 + H20 f' H C O i  + H+ , 

' H+ + HS- , and H2S f 

Water also dissociates, 

H20 f' H+ + OH- . 

The chemical reactions in Eqs. (1) through (5) are reversible and attain a 
state of chemical equilibrium when VLE exists in a sour water-sour gas system. 
Unfortunately, the public version of ASPEN is designed to handle molecular 
species only. A limited capability to model electrolyte systems was added to 
ASPEN just before its public release, but this capability is undocumented and 
can be accessed only as a simple flash.13 
to use only standard ASPEN capabilities, I did not attempt to use A S P E N ' S  

undocumented electrolyte system. 

Because this study was intended 

5 



I used two computer models f o r  sour water e q u i l i b r i a  t o  generate sour 

water VLE data:  SWEQ, which was w r i t t e n  by G. M. Wilson, and TIDES, which was 

w r i t t e n  by E. M. Pawl ikowski  e t  a l .  14'15 Because I acqu i red  SWEQ f i r s t ,  I 
used i t  t o  generate pseudo b i n a r y  da ta  t h a t  then were c o r r e l a t e d  u s i n g  A S P E N ' S  

da ta  r e g r e s s i o n  system. 
H20 only ,  t h a t  i s ,  SWEQ does n o t  p e r m i t  i n e r t  d i l u e n t s .  

developed by f i r s t  s p e c i f y i n g  a base case where t h e  mole f r a c t i o n s  o f  NH3, 

H2S, and C02 i n  t h e  gas phase were i n  accordance w i t h  t h e i r  molar  r a t i o s  i n  

r e t o r t  o f f  gas and s p e c i f y i n g  t h e  t o t a l  p ressure  as t h e  sum o f  t h e  p a r t i a l  
pressures o f  NH3, H2S, C02, and HzO i n  t h e  feed gas. 

i n  Tables I 1  and 111. 

i n s t r u c t i n g  SWEQ t o  c a l c u l a t e  VLE composi t ions f o r  severa l  cases where t h e  
amounts o f  H2S, C O z ,  and H20 are h e l d  cons tan t  w h i l e  NH3 i s  v a r i e d .  

procedure was used f o r  COP and H2S. 

VLE model has been se lected.  ASPEN has severa l  o p t i o n s  a v a i l a b l e  f o r  VLE 

c a l c u l a t i o n s  as shown i n  Table I V .  I chose t h e  SYSOP8 o p t i o n  set ,  which 

i n c l u d e s  t h e  Redlich-Kwong equat ion  of s t a t e  f o r  t h e  vapor phase, and Red l ich-  
Kwong p l u s  t h e  Anto ine  vapor p ressure  c o r r e l a t i o n  and G. M. W i l s o n ' s  l i q u i d  

a c t i v i t y  c o e f f i c i e n t  model f o r  t h e  l i q u i d  phase.16 

Reference Manual s t a t e s  t h a t  Wi lson 's  model can be used f o r  h i g h l y  nonideal  
8 systems. 

I attempted t o  use Henry 's  law t o  c o r r e l a t e  t h e  vapor p ressure  f o r  t h e  
gases i n  t h i s  system. 

execute c o r r e c t l y .  

SWEQ works f o r  systems c o n t a i n i n g  NH3, H2S, C02, and 

The d a t a  were 

The base case i s  def ined 
Then, t h e  pseudo b i n a r y  da ta  f o r  NH3 were ob ta ined by 

The same 

T h e  d a t a  cannot be c o r r e l a t e d  by A S P E N ' s  d a t a  r eg res s ion  system u n t i l  a 

ASPEN's Technica l  

Unfor tunate ly ,  ASPEN's Henry 's  law r o u t i n e s  d i d  n o t  

The problem seems t o  be caused by an e r r o r  i n  t h e  p h y s i c a l  

TABLE I 1  

VAPOR PHASE COMPOSIT IONS FOR GENERATING RETORT OFF-GAS VLE DATA WITH SWEQ 

Component 

"3 
H2S 

H2° 

Base Case Mole F r a c t i o n  
Mol e F r a c t i o n  Range Considered 

0.001567 0.0001567 - 0.004701 

0 . 004408 0.0004408 - 0.01322 

0.9735 0.9100 - 0.9800 

0.0205 

6 
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TABLE I11 

Opt ion  Set 

SYSOP0 

SYSOP1 

SYSOP2 

SYSOP3 

SYSOP4 

SYSOP5 

SYSOP8 

TEMPERATURES AND PRESSURES 
FOR GENERATING RETORT OFF-GAS VLE DATA WITH SWEQ 

Temperature Pressure 
("C) ( P S i d  

15 5.068 

SYSOP9 Redl 

SYSOP10 Redl 

SYSOP11 Redl 

30 

45 

VaDor Phase 

5 . 450 

6 . 229 

TABLE I V  

ASPEN VLE MODELS 

I d e a l  Gas 

Redlich-Kwong 

Redlich-Kwong 

Redlich-Kwong-Soave 

Peng-Robinson 

Benedict-Webb-Rubin 

Redlich-Kwong 
c h-Kwong 

ch-Kwong 

c h -K won g 

p r o p e r t y  c a l c u l a t i o n  

Unfor tunate ly ,  I d i d  

e r r o r s .  

L i q u i d  Phase 

I d e a i  L i q u i d  + Anto ine  Vapor Pressure 

Scatchard-Hi ldebrand + Chao-Seader 

Scatchard-Hi ldebrand + Grayson-Streed 

Redlich-Kwong-Soave 

Peng-Robinson 

Benedict-Webb-Rubin 

Redl-ich-Kwong + Anto ine  + Wi lson 

Redlich-Kwong + Anto ine  + Van Laar  

Redlich-Kwong + Anto ine  + Renon 

Redlich-Kwong + Anto ine + Uniquac 

r o u t e s  t h a t  a r e  encoded i n  ASPEN'S system d e f i n i t i o n  f i l e .  

n o t  have t i m e  on t h i s  p r o j e c t  t o  l o c a t e  and c o r r e c t  t h e  

C. D iscuss ion o f  Resu l ts  

The VLE p r e d i c t i o n s  by t h e  d a t a  r e g r e s s i o n  system and t h e  pseudo b i n a r y  

These r e s u l t s  i m p l i e d  t h a t  

The f i t  o f  

da ta  f o r  NH3 and H2S are shown in, F igs.  1 and 2. 
SYSOP8 would be an adequate model f o r  t h e  VLE o f  r e t o r t  o f f  gas. 

t h e  C02 da ta  was n o t  as good. Because our  main i n t e r e s t  i n  t h i s  s tudy  was 
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, 

t h e  a b s o r p t i o n  o f  NH3 and H2S i n  t h e  scrubber,  t h e  poor  f i t  o f  t h e  C02 data  
was acceptable.  

The i m p o r t a n t  elements o f  t h e  process f lowsheet  a r e  shown i n  F ig .  3. The. 

sha le  r e t o r t i n g  and combustion r e a c t i o n s  and decomposi t ion o f  MgC03 and CaC03 

t a k e  p l a c e  i n  R X R 1 .  The s t o i c h i o m e t r y  f o r  - t h e  r e t o r t i n g  process i s  g iven  by  

14.40 16 keroqen + 0.360 O 2  3 0.792 16 c h a r  + 0.244 H2 + 0.0269 H20 

+ 0.140 CO + 0.300 C02 + 0.00365 H,S 

+ 0.00253 NH3 + 0.0381 CHb + 0.00369 C2H4 

+ 0.00123 C4H8 + 0.00121 C4Hlo + 5.36 lb, o i l  . ( 6 )  

T h i s  s t o i c h i o m e t r i c  equat ion  was developed f r o m  Geok ine t ics  d a t a  f o r  t h e i r  
R e t o r t  25 u s i n g  a computer program, MB73, t h a t  was developed a t  Sandia N a t i o n a l  

L a b o r a t o r i e s  A 1 b ~ q u e r q u e . l ~  The water produced b y  t h e  r e t o r t  i s  d i v e r t e d  f r o m  

t h e  f l u i d  p roduc t  stream i n  t h e  separa tor  b lock  SP1. 
stream i s  mixed w i th  t h e  d r y  p roduc t  stream i n  MXR6, i t  goes th rough a 
compressor and a heat  exchanger b e f o r e  e n t e r i n g  t h e  v e n t u r i  scrubber, VS1. 
The water stream f rom S P 1  i s  mixed w i t h  a second water  stream t h a t  corresponds 

t o  a r e c y c l e  of t h e  scrubbing l i q u i d ,  except t h a t  no suspended s o l i d s  a re  i n  
t h e  second stream. The combined stream passes th rough a heat  exchanqer b e f o r e  

e n t e r i n g  the scrubber.  I would have p r e f e r r e d k o  r e c y c l e  a p o r t i o n  o f  t h e  
scrubhing l i q u i d  back t o  MXR7, b u t  t h e  above-mentioned bug i n  t h e  ASPEN code 

made t h i s  impossib le .  

r e t o r t  between t h e  gas and l i q u i d  streams b y  f l a s h i n g  t h e  combined streams. 

We obta ined t h e  T I D E S  computer program s h o r t l y  b e f o r e  comple t ing  t h i s  work; 

TIDES i s  p robab ly  t h e  bes t  a v a i l a b l e  n o n p r o p r i e t a r y  model f o r  sour water  VLE. 

U n l i k e  SWEQ, TIDES can make f l a s h  c a l c u l a t i o n s  i n  t h e  presence o f  N2, 02, CO, 

and many l i g h t  hydrocarbons. Thus, I was a b l e  t o  use T IDES as an independent 

check on the ASPEN f l ash  c a l c u l a t i o n .  

A f t e r  a smal l  a i r  l e a k  

The ASPEN v e n t u r i  scrubber  model d i s t r i b u t e s  t h e  f l u i d  e f f l u e n t  f r o m  t h e  
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Fig.  3. R e t o r t  and scrubber s e c t i o n s  o f  Geok ine t ics  process f lowsheet .  

The NH3 and H2S a b s o r p t i o n  l e v e l s  c a l c u l a t e d  by  ASPEN and TIDES a r e  shown 
i n  Figs.  4 and 5. The absc issas i n  these f i g u r e s  correspond t o  r e c y c l e  r a t i o s  

f r o m  0 t o  10. That i s ,  f o r  a r e c y c l e  r a t i o  o f  10, t h e  f l o w  r a t e  o f  the pseudo 

r e c y c l e  stream (see F ig.  3 )  i s  10 t imes t h e  f l o w  r a t e  o f  t h e  water  i n  stream 

MSPlB. 
r a t e s  because t h e  pseudo r e c y c l e  stream c o n t a i n s  some NH 

I b e l i e v e  t h a t  t h e  TIDES c a l c u l a t i o n s  probab ly  a re  c o r r e c t .  The most s i g n i f i -  

c a n t  source o f  t h e  d iscrepancy between ASPEN and TIDES may be t h a t  t h e  VLE 

model i n  SYSOP8 i s  designed f o r  mo lecu la r  spec ies and i s  n o t  adequate t o  model 
e l e c t r o l y t e  systems. P o s s i b l y  SYSOP8 would have performed b e t t e r  i f  TIDES had 

been used t o  generate t h e  pseudo b i n a r y  d a t a  t h a t  were regressed t o  o b t a i n  t h e  

model parameters. 

t h a t  removal l e v e l  l i e s  between t h e  es t imates  o f  TIDES and ASPEN.' 

which c a l c u l a t e d  an 80% scrubbing e f f i c i e n c y  a t  t h e  h i g h e s t  l i q u i d  r a t e .  

1O:l r e c y c l e  g i v e s  a 1 iqu id:gas r a t i o  o f  1.2 x loW3. 
p a r t i c u l a t e  removal e f f i c i e n c i e s  o f  82 t o  90% a t  a 1 iqu id:gas r a t i o  of 

1.5 x thus, ASPEN compares v e r y  f a v o r a b l y  w i t h  t h e  exper imenta l  

measurement. 

t o  a l l o w  t h e  scrubber t o  be used as t h e  s o l e  H2S removal dev ice  f o r  o i l  

TIDES p r e d i c t s  a decrease i n  t h e  NH3 absorp t ion  a t  h i g h e r  l i q u i d  

3' 
ASPEN p r e d i c t s  much h i g h e r  absorp t ion  o f  b o t h  H2S and NH3 than TIDES does. 

R i n a l d i  e t  a l .  g i v e  average va lues f o r  NH3 removal o f  62%; 

F i g u r e  6 shows t h e  p a r t i c u l a t e  removal e f f i c i e n c y  p r e d i c t e d  by ASPEN, 

The 

R i n a l d i  e t  a l .  measured 

6 

Even t h e  h i g h  l e v e l s  of H2S removal p r e d i c t e d  by  ASPEN would be t o o  low 

10 

.. . . . -  . . . . - - . . . .. . .- 



100 

T I  DES 

0 5 10 
LlQUlO RECYCLE R A T I O  

Fig .  4.  Model estimates f o r  NH3 absorpt ion i n  the venturi scrubber. 

*___*__.....**.-.--*- 
ASPEN /.-...*-- 

-.e** 

0.1.' 
0 5 10 

LIQUID RECYCLE RATIO 
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Fig.  6. ASPEN es t imates  f o r  p a r t i c u l a t e s  removal i n  t h e  v e n t u r i  scrubber. 

sha le  o f f  gas. The H2S removal r a t e  c o u l d  be increased by  adding c a u s t i c  t o  

t h e  scrubbing l i q u i d ,  b u t  I am unsure how t h a t  would a f f e c t  t h e  NH3 removal. 

I have n o t  i n v e s t i g a t e d  t h a t  o p t i o n  because n e i t h e r  ASPEN nor  TIDES models VLE 
f o r  systems c o n t a i n i n g  c a u s t i c .  SWEQ can model sour water -caus t ic  systems, b u t  

SWEQ cannot handle t h e  o t h e r  gases t h a t  a r e  i n  r e t o r t  o f f  gas. 

scrubbing t h e  o f f  gas w i t h  t h e  r e t o r t  waters w i l l  i nc rease t h e  p o l l u t i o n  
p o t e n t i a l  o f  those waters, so water t rea tment  c o s t s  f o r  t h e  sha le  o i l  complex 

probab ly  w i  11 increase.  

most impor tan t  p o i n t  i s  t h a t  t h e  e l e c t r o l y t e  system should be tested,  debugged, 

and documented. 

enhance t h e  usefu lness o f  ASPEN. Second, t h e  Henry 's  law VLE models need t o  

be debugged. Henry 's  law i s  an e x c e l l e n t  model f o r  many common VLE systems. 
F i n a l l y ,  ASPEN'S v e n t u r i  scrubber  model should be m o d i f i e d  t o  handle r e c y c l e d  

l i q u i d s  c o r r e c t l y .  

code . 

Also  n o t e  t h a t  

T h i s  s tudy has h i g h l i g h t e d  some s i g n i f i c a n t  d e f i c i e n c i e s  i n  ASPEN. The 

A r o b u s t  e l e c t r o l y t e  VLE c a p a b i l i t y  would s i g n i f i c a n t l y  

I b e l i e v e  t h i s  w i l l  r e q u i r e  e x t e n s i v e  m o d i f i c a t i o n s  t o  t h e  
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