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The abatement of hydrogen sulfide in geothermal power plants has under 
gone considerable change in recent years. More stringent regulatory 
requirements for H2S abatement have increased costs. This paper will 
review the history of abatement technology, discuss the effect o f  
operating conditions on the requirements for abatement processes, 
review process choices for both primary and secondary abatement, and 
provide two case examples of the economics o f  the Dow Chemical 
Company's GAS/SPEC RT-2 technology and the Sul Ferox* Technology 
(1,2,3)* 

Early Abatement Methods 

When the maintenance o f  air quality became a problem in the early days 
o f  the geothermal power industry, effective technology was not 
available to abate H2S in the condensate. To compensate, acceptable 
practice was to abate H2S in the non-condensable gas using the 
Stretford process . To achieve maximum overall H2S removal without 
condensate treatment, condenser design shifted to surface condensers 
which increase the H2S partition to the non-condensable gas. 
H2S emissions from the condensate continued to be a problem for some 
sites, and finally, technology to treat the condensate emerged. 

Even so, 

An early method for secondary abatement o f  H2S in the condensate 
revol ved around the react i on o f  hydrogen peroxide and H2S . 

H202 t H2S -> So+ 2 H20 [ I ]  

The H2S is oxidized irreversibly to a variety o f  sulfur species. 

Improvement With Peroxide 

~mprovements were made in secondary abate~ent tec~nology by using 
ferrous sulfate in conjuction with hydrogen peroxide. Divalent iron, 
Fet2, reacts with peroxide to generate a hydroxyl radical, HO: by the 
fol 1 owing reaction: 

Fe(I1) t H202 - - -> Fe(fI1) + OH- t OH* [2] 

Small amounts o f  the Fet2 substantially accelerate the peroxide 
decomposition. 
condensate. The rate of the overall reaction is reasonably fast. 

The hydroxyl radical reacts with the ionized H2S the 

OH* t HS- -> So t H20 [3] 

* Service Mark o f  Shell Oil 
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There are draw-backs t o  t h i s  technology. F i r s t ,  chemical costs are 
high. The hydrogen peroxide abatement react ion,  t h e  reac t i on  between 
s u l f i d e  and the hydroxyl rad i ca l ,  i s  n o t  spec i f i c .  The hydroxyl 
r a d i c a l  w i l l  a lso ox id i ze  elemental s u l f u r  t o  a v a r i e t y  o f  s u l f u r  
compounds. I n  addi t ion,  a p o r t i o n  o f  t h e  peroxide w i l l  decompose t o  
water and oxygen. I r o n  consumption i s  also h igh because the i r o n  
c a t a l y s t  p r e c i p i t a t e s  as both t h e  i r o n  s u l f a t e  and the i r o n  s u l f i d e .  

FeSO4 t H2S -> FeS t H2S04 [4] 

Secondly, t h e  i r o n  sulfate/peroxide process r e s u l t s  i n  process 
problems, the  p r e c i p i t a t i o n  o f  fer rous su l f i de ,  fer rous su l fa te,  and 
elemental s u l f u r .  These compounds tend t o  s e t t l e  i n  the cool ing 
towers basins o f  t h e  geothermal power p l a n t  which r e q u i r e  s h u t t i n g  
down t h e  tower p e r i o d i c a l l y  f o r  cleaning. The cleaning process 
usua l l y  i s  manual, i n v o l v i n g  t h e  use o f  shovels t o  do t h e  job. 
Furthermore, the i r o n  s a l t s  w i l l  s t a i n  the equipment brown o r  red. 

The i r o n  su l  fate/peroxide technology was used commercially a t  t h e  
Geysers a f t e r  1974. The l e v e l  o f  H2S abatement achievable w i t h  t h e  
iron/hydrogen peroxide process was an improvement, but  s t i l l  d i d  no t  
provide the  a i r  q u a l i t y  desired. To g e t  t h a t  l a s t  b i t  o f  H2S requ i res  
a very l a r g e  amount o f  chemical add i t i on  which was extremely expensive 
and generated tremendous amounts o f  s o l i d s  i n  the coo l i ng  tower. 

The Devel opment o f  Chel ated Iron Techno1 ogy (4 5 6) 

I n  the  b u r s t  o f  growth o f  geothermal power, there were a number o f  
coo l i ng  towers b u i l t  w i t h  a corresponding increase i n  t h e  pounds o f  
H2S emitted. 
H2S being released from the Geysers must be c u r t a i l e d  n o t  on ly  t o  
b u i l d  new p lan ts  bu t  t o  a l low t h e  p lan ts  t h a t  were running t o  
continue. R e t r o f i t t i n g  o f  running p lan ts  t o  b e t t e r  abatement 
techno1 ogy would be requi red . 

I n  t h e  l a t e  70's i t  became apparent t h a t  t h e  volume o f  

I n  searching f o r  s u i t a b l e  a l t e rna te  processes, P a c i f i c  Gas and 
E l e c t r i c  Company (PG&E) evaluated many primary and secondary abatement 
technologies. During t h i s  period, Dow Chemical t a l ked  t o  PG&E about 
adding a chelate compound t o  keep the i r o n  i n  so lut ion.  Preventing 
i r o n  p r e c i p i t a t i o n  would s u b s t a n t i a l l y  reduce c a t a l y s t  cost. I n  fac t ,  
i t  was thought a system could be developed t h a t  d i d  not  requ i re  any 
hydrogen peroxide. Prel  iminary t e s t s  were conducted. Dow and PG&E 
conducted a research f i e l d  t r i a l '  i n  January, 1980, which abated 9Ot% 
o f  t he  H2S. However, a l l  the s u l f u r  appeared as elemental s u l f u r  i n  
t h e  coo l i ng  tower. Since PG&E f e l t  t h a t  the s o l i d  s u l f u r  problem was 
unacceptable, Dow and PG&E continued t o  work together. The low s o l i d s  
technology was developed from t h i s  co-operative e f f o r t .  This 
technology'converts H2S i n  the non-condensable gas t o  sodium s u l f i t e  
which subsequently i s  added t o  the  condensate t o  s o l u b i l i z e  the  s u l f u r  
produced by the chelated i ron.  
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A t  t h i s  time, i t  appears t h a t  t h e  o l d  fer rous sul fatelhydrogen 
peroxide process i s  no longer being used commercially. There 
continues t o  be res idual  confusion i n  t h e  geothermal i ndus t r y  about 
the r o l e  o f  i r o n  i n  the var ious processes. Some are not  convinced 
t h a t  t h e  s o l u b i l i t y  problems i n  t h e  e a r l i e r  processes have been 
conquered . 
From t h e  research program o f  PG&E and Dow, two technologies a c t u a l l y  
evolved. The f i r s t  technology (7) was an improvement o f  t h e  hydrogen 
peroxide process. The improvement was the a d d i t i o n  o f  a c h e l a t i n g  
agent t o  insure the s o l u b i l i t y  o f  the i r o n  c a t a l y s t .  Th is  chelat ing 
agent o r  l i g a n d  works t o  prevent the i r o n  p r e c i p i t a t i o n  reac t i ons  t h a t  
occur w i t h  fer rous s u l f a t e  as the  c a t a l y t i c  reagent. Furthermore, the 
chelated i r o n  i s  maintained e n t i r e l y  i n  an i o n i c  form which 
accelerates the  peroxide decomposition react ion.  Thus 1 ess chel ated 
i r o n  i s  requi red t o  maintain an i d e n t i c a l  reac t i on  r a t e .  D i f f e r e n t  
che la t i ng  agents have d i f f e r e n t  i r o n  s o l u b i l i z i n g  strengths, and 
change t h e  speed o f  t he  i r o n  react ions.  This advancement was patented 
by PG&E (7) and i s  commonly used i n  t h e  geothermal indust ry .  

The second technology (8) was t h e  low s o l i d s  process c u r r e n t l y  
marketed by Dow. This technology uses a l i gand  t o  s o l u b i l i z e  t h e  
i ron,  bu t  i t  uses a completely d i f f e r e n t  chemical r e a c t i o n  t o  abate 
HZS. The i r o n  reac ts  d i r e c t l y  w i t h  t h e  hydrogen s u l f i d e  t o  form 
elemental sul  f u r  . 

2 Fe( I I1)  Ligand t S(-2)  -> 2 Fe(1I) Ligand + So[5] 

This reac t i on  i s  spontaneous and spec i f i c .  The reox ida t i on  o f  t h e  
i r o n  i n  t h e  cool ing tower al lows the reuse o f  the regent. 

Fe(I1) Ligand t1/2 02 -> F e ( I I 1 )  [6] 

These react ions produce s u l f u r  i n  the cool ing tower water, j u s t  as the 
other  technologies discussed. However, use o f  the i r o n  as a d i r e c t  
reduct ion agent f o r  s u l f u r  a l lows the use o f  an add i t i ona l  ox idant  for 
elemental s u l f u r .  The most e f f e c t i v e  oxidant used t o  date i s  sodium 
o r  ammoni um sul f i te.  

Sot SO3(-2) S203( -2) 171 

The r e a c t i o n  product i s  t h i o s u l f a t e  which i s  stable,  and water 
soluble.  This mater ia l  i s  compatible w i t h  the myriad o f  o ther  
components i n  the geothermal condensate o f  t he  p lan ts .  The s u l f i t e  i s  
made i n  place by burning noncondensable gas and scrubbing the SO2 
formed. This al lows the simultaneous abatement o f  both noncondensable 
gas and the  condensate wi thout  s o l i d  waste being generated o r  
processed. 
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Both technologies use i r o n  chelate. 
process, the i r o n  chelate i s  merely a c a t a l y s t  t o  decompose the 
hydrogen peroxide. 
f e r r i c  (Fet3), and a c t u a l l y  ox id izes the  H2S t o  elemental s u l f u r  
d i  r e c t l  y . 

I n  the improved hydrogen peroxide 

I n  the  low s o l i d s  process, t he  i r o n  i s  present as 

Both processes are c u r r e n t l y  i n s t a l l e d  a t  the Geysers geothermal power 
p lants .  Many u n i t s  a t  t he  Geysers have switched from t h e  hydrogen 
peroxide based system t o  t h e  i r o n  chelate based low s o l i d s  process t o  
reduce costs. Although t h e  i r o n  chelate i s  more expensive on a per  
pound basis than hydrogen peroxide, chemical costs are h igher  i n  the 
hydrogen peroxide based process. 
ox ida t i on  by hydrogen peroxide i s  not  s p e c i f i c  t o  H2S, and, therefore,  
requ i res  more volume o f  hydrogen peroxide. Moreover, the peroxide i s  
on l y  used i n  a once-through path whi le  the low s o l i d s  process i s  
reox id ized i n  the  cool ing tower and recycled a number o f  times. The 
r e s u l t  i s  t h a t  the cost  o f  t he  i r o n  chelate i n  the  low s o l i d s  process 
i s  s i g n i f i c a n t l y  l e s s  than t h a t  o f  the peroxide. I n  addi t ion,  t he  
i r o n  chelate does not  have the r e a c t i v e  hazard o f  peroxide, and i s  
sa fe r  t o  handle. 

Unl i ke the f e r r i c  i r o n  chel ate, 

Choosing an Abatement System 

Choosing a p r a c t i c a l  and economical primary and/or secondary H2S 
abatement system f o r  a geothermal power p l a n t  requi res analys is  o f  the 
f a c t o r s  a f f e c t i n g  the i n d i v i d u a l  p l a n t  s i t e .  Important considerat ions 
include: (1) the  l e v e l  o f  H2S i n  the steam and the  l e v e l  o f  abatement 
needed, ( 2 )  t h e  p a r t i t i o n  o f  the H2S between t h e  non-condensable gases 
and the condensate, and (3)  the volume and q u a l i t y  o f  s u l f u r  t h a t  
might be produced. S i tes  w i t h  very low l e v e l s  o f  H2S i n  the  steam may 
be able t o  design the p l a n t  so t h a t  on ly  primary o r  secondary 
abatement i s  needed; but  n o t  both. The H2S p a r t i t i o n  i s  profoundly 
a f fec ted  by t h e  l e v e l  o f  ammonia i n  the steam. As the  ammonia l e v e l s  
increase, the l e v e l  o f  H2S remaining i n  the condensate increases. 
S i t e s  w i t h  ammonia i n  the steam w i l l  almost always r e q u i r e  secondary 
H2S abatement. The H2S p a r t i t i o n  i s  a lso a func t i on  o f  t he  condenser 
design. I n d i r e c t  cool ing favo r ing  H2S p a r t i t i o n  toward the  
non-condensable gas. I f  a process t h a t  produces elemental s u l f u r  i s  
chosen, s u l f u r  volume becomes an issue because o f  the associated 
disposal costs, p a r t i c u l a r l y  i f  t h e  steam contains heavy metals t h a t  
may u l t i m a t e l y  contaminate the s u l f u r .  
r e q u i r e  add i t i ona l  processing such as re-melters t o  provide an 
acceptable form f o r  sa le as opposed t o  l a n d f i l l  disposal . 

Large volumes o f  s u l f u r  may 

There are several choices f o r  primary H2S abatement i n  the  
non-condensable gas. 
cons . These w i l l  be discussed i n  terms o f  pros and 
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Stretford Process (9) 
The S t r e t f o r d  process uses an aqueous s o l u t i o n  o f  sodium carbonate and 
anthraquinone d i s u l f o n i c  a c i d  (ADA) with an a c t i v a t o r  o f  sodium 
metavanadate. 
turn,  t h e  H2S i s  absorbed by the a1 kal  i , the ADA i s  reduced by a 
s u l f u r  sh i f t ed ,  elemental s u l f u r  i s  l i b e r a t e d  by d isso lved oxygen by 
a i r  blowing. The process i s  t e c h n i c a l l y  capable o f  removing up t o  99% 
o f  t he  H2S i n  the  non-condensable gas. 

The process takes place i n  f i v e  o r  more steps. I n  

The s u l f u r  i s  recovered by blowing a i r  i n t o  the bottom o f  the 
regenerator, o r  ox id izer ,  vessel where small p a r t i c l e s  o f  s u l f u r  are 
c o l l e c t e d  a t  t he  top as a f r o t h .  The s u l f u r  f r o t h  i s  skimmed from the  
s o l u t i o n  and i s  f i l t e r e d  o r  cent r i fuged t o  remove the  solvent from 
the s u l f u r  cake. Further s u l f u r  processing may included re-me1 t i ng .  

The chemicals used i n  the solvent are s tab le w i t h  the  exception o f  the 
format ion o f  sodium t h i o s u l f a t e  which i s  not  regenerable. 
environmental exposure o f  vanadium through solvent l o s s  and t h a t  i n  
the su i  f u r  product present hand1 i ng and d i  sposal probl  ems: 

The 

Locat** Process (10) 
The LoCat process from A R I  operates by absorbing H2S i n t o  an aqueous 
phase where a catalyzed reduct ion/oxidat ion reac t i on  converts H2S t o  
elemental s u l f u r  through t h e  reduct ion o f  i r o n  from f e r r i c  (Fe+3) t o  
fer rous (Fet2). 
i r o n  concentrat ion i n  the c i r c u l a t i n g  s o l u t i o n  i n  the range o f  500 t o  
2000 ppm. The c i r c u l a t i n g  s o l u t i o n  permits the recovery o f  s o l i d  
s u l f u r  and the ox ida t i on  o f  the i r o n  through a i r  blowing. 

The i r o n  i s  held i n  so lu t i on  by a chelant w i t h  the 

SUI Ferox 
The SulFerox process i s  a regenerable i r o n  chelate based process f o r  
removing H2S from gas streams. The H2S i n  the gas stream i s  reacted 
w i t h  t h e  i r o n  chelate so lu t i on  v i a  a contact ing vessel l i k e  a spray 
tower o r  the p rop r ie ta ry  pipe1 ine  co-current contactor. The H2S 
reacts  w i t h  the i r o n  i n  the contactor t o  form elemental s u l f u r .  The 
c i r c u l a t i n g  i r o n  chelate i s  then regenerated using a i r  sparging t o  
ox id i ze  t h e  fer rous (Fet2) t o  the f e r r i c  (Fet3) form and recycled back 
t o  the contactor.  The s u l f u r  i s  recovered from the c i r c u l a t i n g  
s o l u t i o n  by processing a s ide  stream through a f i l t r a t i o n  /water wash 
i n  order t o  form a salable s u l f u r  cake. The i r o n  chelate i s  recovered 
from t h e  s u l f u r  v i a  a water wash and returned t o  the  c i r c u l a t i n g  
so lut ion.  Typical  s u l f u r  cake composition i s  25 w t .  % moisture. The 
s u l f u r  cake can be sent t o  a melter for  f u r t h e r  processing. The 
techno1 ogy i s  avai 1 ab1 e from the Dow Chemical Company's GAS/SPEC 
Techno1 ogy Group . 

** Trademark o f  A R I  Technologies, Inc. 
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Thermal Oxi dat i on 
Thermal ox ida t i on  o f  H2S i n  the non-condensable gas and subsequent 
s e l e c t i v e  scrubbing w i t h  caust ic  r e s u l t s  i n  e s s e n t i a l l y  zero primary 
H2S emissions and a s o l u t i o n  o f  sodium s u l f i t e .  The sodium s u l f i t e  
when mixed w i t h  the condensate conta in ing elemental s u l f u r ,  produces 
so lub le t h i o s u l f a t e .  This method i s  an a t t r a c t i v e  primary abatement 
when used i n  conjunct ion w i t h  the RT-2 Technology i n  secondary 
abatement . 
The choices f o r  secondary abatement have been discussed i n  e a r l i e r  
sect ions o f  t h i s  paper. The choices include: 

1. Ferrous Su l fa te  - An obsolete technology. 

2. Hydrogen Peroxide - Used alone, i t  provides a process i n  
theory, bu t  i s  not  widely pract iced due t o  high cost.  

3. I r o n  Chelate w i t h  Hydrogen Peroxide - Broken i n t o  sub-groups 

a. Iron-hydroxyacetic ac id  (HAA) - So lub i l i zes  i ron ,  but  not  t o  
the extent  o f  Fe HEDTA. Minor degradation o f  the HAA r e s u l t s  
i n  p r e c i p i t a t i o n  o f  i ron.  The reac t i on  r a t e  i s  not  as h igh 
as t h e  Fe HEDTA. 

b. I r o n  -hydroxyethylethylenediaminetriacetic a c i d  (HEDTA) - The 
Fe HEDTA s o l u b i l i z e s  more i r o n  and reac ts  fas te r .  It i s  more 
r e s i s t a n t  t o  p r e c i p i t a t i o n  o f  i r o n  caused by degradation. 

I n  the  above appl icat ions,  the abatement achieved i s  over 90% o f  the 
H2S i n  t h e  condensate. S o l u b i l i z a t i o n  o f  the s u l f u r  depends on the 
r a t i o  o f  the s u l f u r  and the peroxide. 
e f f e c t i v e  means o f  s o l u b i l i z i n g  s u l f u r .  

I n  general, peroxide i s  not  an 

c. GAS/SPEC I r o n  Chelate - Catalyzed t o  decreased reac t i on  t ime 
wh i l e  cont inuing t o  s o l u b i l i z e d  h igh l e v e l s  o f  i ron.  It has 
the same s t a b i l i t y  as HEDTA. 

4. RT-2 I r o n  Chelate w i t h  S u l f i t e  - Provides over 95% 
abatement i n  the condensate and i n  the  non-condensable gas. I f  
s u l f i t e  i s  produced on-si te,  over 95% o f  t he  s u l f u r  i n  the  
condensate w i  11 be sol  ubi  1 ized. Sodium sul f i t e  can be produced 
from the non-condensable gas by u t i 1  i z i n g  a burner/scrubber system 
wh i l e  achieving primary abatement. 
achieve the  desired s o l u b i l i z a t i o n  o f  s u l f u r ,  but  a t  a higher cos t  
and wi thout  the b e n e f i t  o f  primary abatement. 

Purchased sodium s u l f i t e  w i l l  

447 



-7- 

Case Studies Invo lv ing  the  Sul Ferox and RT-2 Techno1 ogies 

The f o l  1 owing cases are examples o f  two d i  f f e r e n t  H2S abatement 
app l i ca t i ons  i n  the geothermal industry.  I n  the  f i r s t  case, o n l y  
t race  amounts o f  ammonia are present i n  the steam. I n  t h e  second 
case, t he  H2S i s  p a r t i t i o n e d  between t h e  non-condensable gas and the 
condensate. 

Case 1: The SulFerox Technology 

The H2S p a r t i t i o n  i s  such t h a t  a l l  the H2S i s  i n  t h e  non-condensible 
gas. The steam condensate does not  requ i re  any add i t i ona l  treatment. 

The design basis f o r  t h i s  case i s  as fo l lows: 

Non-condensible Gas Flow: 4 . 2  MMSCFD 
H2S i n  non-condensable gas: 1.2 mole % 

The SulFerox process was chosen t o  abate the H2S i n  the 
non-condensabl e gas . The Sul Ferox technol ogy u t i  1 i zes a p rop r ie ta ry  
i r o n  chelate s o l u t i o n  t o  abate the H2S i n  a continuous loop process. 
The f e r r i c  chelate i s  contacted w i t h  the  H2S (Equation 5 ) i n  t h e  gas 
t o  form elemental s u l f u r  i n  the reactor  (Figure 1). The abated 
non-condensable gas e x i t s  t he  contactor i n t o  the separator vessel and 
i s  vented t o  the  atmosphere. A side stream o f  the i r o n  chelate 
s o l u t i o n  i s  f u r t h e r  processed t o  the vacuum f i l t e r  i n  order t o  remove 
the s u l f u r  s o l i d s  from the process. This s ide stream i s  vacuum 
f i l t e r e d  and water washed t o  produce a moist s u l f u r  cake (25  w t .  % 
moisture) . The purpose o f  the w a t e r  wash i s  t o  recover the  chelate 
contained on the  the s u l f u r .  The water wash stream i s  then returned 
t o  the  c i r c u l a t i n g  chelate. The ferrous chelate s o l u t i o n  i s  ox id ized 
t o  the  f e r r i c  s t a t e  by sparging a i r  i n t o  the regenerator vessel, thus 
c los ing  t h e  loop on t h e  SulFerox process (Equation 6 ). 

The ma te r ia l  o f  const ruct ion f o r  the SulFerox process i s  304L/316L 
s t a i n l e s s  s tee l .  
be u t i l i z e d .  

Fiberglass, and l i n e d  carbon s t e e l  vessels can also 

The economics f o r  the process are as fo l lows: 

Capi ta l  Costs: $883,000 

Annual Operating Costs: 
Power: $30,600 
Chemicals: $ 105,000 

The c a p i t a l  cost  r e f l e c t s  a t o t a l  s ta in less s tee l  const ruct ion a t  J u l y  
1988 pr ices.  
technol ogy. 

The c a p i t a l  costs includes the l i cense  fee f o r  t h e  
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In this particular application, the SulFerox unit has been designed to 
emit 20 ppmv H2S from the abated non-condensible gas. The unit can be 
designed to meet more stringent H2S specifications with minimal costs. 
The amount o f  sulfur cake produced in this case i s  2 LTPD on a dry 
basis. 
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Case 2: RT-2 Technology 

I n  t h i s  case, the H2S i n  the  steam i s  p a r t i t i o n e d  between the 
non-condensable gas and the condensate. Hydrogen s u l f i d e  abatement 
w i l l  be requi red f o r  both phases and w i l l  u t i l i z e  t h e  RT-2 Technology 
(Figure 2). 
burned i n  a thermal o x i d i z e r  which w i l l  convert the H2S i n t o  S02. The 
SO2 from the  thermal ox id i ze r  w i l l  then be f u r t h e r  t rea ted  i n  a two 
stage caus t i c  scrubber. The scrubber has been designed t o  run  a t  pH's 
t h a t  a l l ow  the  SO2 t o  reac t  with the caus t i c  t o  form sodium b i s u l f i t e ,  
wh i l e  t h e  C02 present i n  t h e  gas passes through the  scrubbers 
unreacted. The sodi um b i  su l  f i t e  produced from the thermal 
oxidizer/scrubber u n i t  i s  sent t o  the cool ing tower c i r c u l a t i n g  water 
t o  s o l u b i l i z e  the s u l f u r  produced from the i r o n  chelate - H2S r e a c t i o n  
i n  the  condensate (Equation 5 & 6). This technology has been 
discussed i n  the secondary abatement section. 

I n  t h i s  app l i ca t i on  the non-condensable gas w i l l  be 

The ma te r ia l s  o f  const ruct ion are 304/316 s ta in less  s tee l  f o r  t he  
thermal o x i d i z e r  and l i n e d  carbon s tee l  vessels f o r  the dual caus t i c  
scrubber. The i r o n  chelate p i p i n g  i s  304/316 s ta in less  s tee l .  The 
p r i c e s  r e f l e c t  June 1988 costs f o r  s ta in less  s tee l .  

The design basis i s  as fo l lows: 

Non-condensabl e Gas F1 ow: 3.5 MMSCFD 
H2S i n  the Non-condensable Gas: 3.2 mole % 

Condensate Flow: 800 GPM 
H2S i n  the Condensate: . 180 ppmw 

The economics f o r  t he  technology are as fo l lows: 

Capi ta l  Costs: $1.05 MM 

Annual Operating Costs: 
Power: $60,000 
Chemical s : $900,000 

The c a p i t a l  cost  i s  f o r  the Thermal oxidizer/scrubber u n i t  and 
associated p ip ing.  The technology fee i s  not  included i n  the c a p i t a l  
cost. 

The t o t a l  s u l f u r  emissions from the  RT-2 design u n i t ,  i nc lud ing  SO2 
emissions from the caust ic  t r e a t e r s  and the H2S from the cool ing tower 
d r i f t ,  i s  2 lb/hr.  
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