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ABSTRACT 

A s imple,  economic process  has  been developed 
and appl ied  t o  f u l l  s c a l e  o p e r a t i o n s  for t he  
abatement of hydrogen s u l f i d e  emissions while  a i r  
d r i l l i n g  and vent ing  geothermal steam w e l l s .  The 
process  c o n s i s t s  of blooie  l i n e  i n j e c t i o n  of 
sodium hydroxide and hydrogen peroxide.  91-98% 
of hydrogen s u l f i d e  emissions can be abated dur ing  
the  d r i l l i n g  of a t y p i c a l  geothermal steam w e l l  
f o r  a c o s t  of less than $10,000. 

INTRODUCTION 

Hydrogen s u l f i d e  i s  an odorous gaseous pol lu-  
t a n t  g e n e r a l l y  present  i n  geothermal steam. When 
the f i r s t  geothermal steam w e l l  was  d r i l l e d  a t  t h e  
Geysers i n  1922, t h e  presence of hydrogen s u l f i d e  
odor w a s  accepted as a n a t u r a l l y  occurr ing  
phenomena a s s o c i a t e d  with fumarol ic  a c t i v i t y .  
Most of t he  fumarol ic  a c t i v i t y  has dec l ined  d u r i n g  
the  ensuing y e a r s  due t o  man's modi f ica t ions  t o  
harness  t h i s  n a t u r a l  energy source f o r  e l e c t r i c a l  
power genera t ion. 

The m a j o r i t y  of today 's  hydrogen s u l f i d e  
emissions e n t e r i n g  the  atmosphere from the  
Geysers are from man-made devices .  Increased 
environmental  awareness i n  r e c e n t  y e a r s  has  re- 
s u l t e d  i n  a l e g i s l a t i v e  s tandard  for  hydrogen 
s u l f i d e  based on t h e  threshold  of smell .  This  
s tandard of  30 ppb h a s  been exceeded on occasion 
a s  a r e s u l t  of Geysers emissions.  New source 
review r u l e s  promulgated by t h e  C a l i f o r n i a  A i r  
Resources Board w e r e  r e c e n t l y  adopted as regula- -  
t fon  i n  Lake County, ,CA. The r u l e  r e q u i r e s  t h a t  
the r e s p e c t i v e  a i r  p o l l u t i o n  c o n t r o l  o f f i c e r  re- 
view any proposed new source  of p o l l u t a n t  i n  ex- 
cess  of 20 poundslhour and deny a c o n s t r u c t i o n  
p e r m i t  i f  t h e r e  is s u b s t a n t i a l  evidence t h a t  t he  
new source  w i l l  prevent  a t ta inment  of t h e  
ambient hydrogen s u l f i d e  s tandard .  

Some geothermal w e l l  d r i l l i n g  a c t i v i t y ,  even 
though i t  c o n s t i t u t e s  a minor t r a n s i t o r y  source 
of emission,  has been cons t ra ined  as a r e s u l t  of 
these new r e g u l a t i o n s .  The response h a s  been the  
development of a process  - us ing  b l o o i e  l i n e  in- 
j e c t t o n  of  hydrogen peroxide and sodium hydroxide 
t o  a b a t e  t h e  hydrogen s u l f i d e  emissions during 
d r i l l i n g ,  p l a n t  ga ther ing  l i n e  vent ing  and w e l l  
b leeding o p e r a t i o n s  i n  order t o  prevent  f u t u r e  

v i o l a t i o n s  of p o i n t  source emission r u l e s  o r  t h e  
ambient a i r  q u a l i t y  s tandard.  From prel iminary 
labora tory  work performed by FMC Corporation, a 
manufacturer of hydrogen peroxide,  a t  the request 
of D r .  R. W. R e x ,  i t  w a s  determined t h a t  f i e l d  
d r i l l i n g  c o n d i t i o n s  could n o t ,  economically, be 
l a b  s imulated.  Republic Geothermal, i n  August of 
1976, then designed and cons t ruc ted  a p i l o t  s i z e d  
geothermal muff le r  u n i t  f o r  use  i n  C a l i f o r n i a ' s  
high pressure  steam f i e l d ,  t h e  Geysers. The 
muff le r  u n i t  was designed to dynamically s i m u l a t e  
flow condi t ions  p r e s e n t  i n  convent ional  muff le rs  
used t o  suppress  n o i s e  and c o n t r o l  p a r t i c u l a t e s .  
Steam f o r  t he  f i e l d  t r i a l  w a s  suppl ied  by Magma 
Power Company and a t  Magma's reques t ,  f i e l d  and 
t e c h n i c a l  a s s i s t a n c e  w a s  furn ished  by t h e i r  opera- 
t o r ,  Union O i l ' s  Geothermal Divis ion.  

The process  involves  the  continuous i n j e c t i o n  
of aqueous hydrogen peroxide and sodium hydro- 
oxide s o l u t i o n s  i n t o  the  geothermal steam. I n j e c -  
t i o n  is made i n t o  the  b looie  l i n e  upstream from 
the  muff le r .  The p r i n c i p a l  product  of t he  oxi- 
d a t i o n  is sodium s u l f a t e ,  a n e u t r a l  salt .  During 
prel iminary t e s t i n g ,  s u l f i d e  abatement of 91% w a s  
achieved a t  a 4 : l  weight r a t i o  of hydrogen 
peroxide t o  hydrogen s u l f i d e  and 2.8:l  weight 
r a t i o  of sodium hydroxide t o  hydrogen su l f ide .  

CHEMISTRY 

The products  of s u l f i d e  oxida t ion  are con- 
t r o l l e d  by pH and the  chemical r e a c t i o n s  t h a t  t a k e  
p l a c e  with hydrogen peroxide are i l l u s t r a t e d  by 
t h e  s i m p l i f i e d  equat ions:  

a c i d  o r  

H2S + H202 neutral Sx + 2H20 
s o l u t i o n  X 

A t  ambient temperatures a period of 5 t o  20 
minutes is g e n e r a l l y  needed f o r  hydrogen peroxide 
t o  completely r e a c t  with s u l f i d e  i n  aqueous so lu-  
t fon .  This range h a s  led some i n v e s t i g a t o r s  t o  
conclude t h a t  indigenous c a t a l y s t s  are opera t ing .  
A t  122°F t h e  r e a c t i o n  is complete i n  15 seconds. 
Rates i n  w a t e r  s o l u t i o n s  a t  still  higher  tempera- 
t u r e s  should be extremely f a s t .  The presence o f  
heavy metal i o n s  w i l l  i n c r e a s e  r e a c t i o n  rates even 
further. React ions i n  the  p i l o t  system proceeded 
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t o  completion i n  less than 4 seconds. 

I n  d e t a i l  t he  r eac t ions  proceed a t  more 
rapid rate i n  t h e  l i q u i d  phase and H2S assimila- 
t i on  i n t o  the  l i q u i d  phase is accelerated by an 
increased l i q u i d  phase pH as follows: 

o r  

o r  

2 NaOH + H2S* Na2S + H20 

NaOH + H2S e NaHS + H20 
p l u s  Peroxide 

Na2S + 4H202 + Na2S04 + 4 H20 
NaHS + 4H202+ Na HS04 + 4 H2 
The r eac t ion  Droducts Na9SOI. and Na HSOi are 

s t ab le  salts  and w i l l  no t  revgrt'to hydrogen-sul- 
f i d e  i n  the  sump during neu t r a l i za t ion  activit ies 
upon completion of d r i l l i n g .  

Analysis of test muff le r  condensate r eac t ion  
products performed f o r  Republic by Qual i ty  Water 
Laboratory, Inc. i d e n t i f i e d  trace amounts of SO3, 
SOp'and elemental  sulphur ,  and it is  probably due 
t o  the c a t a l y t i c  a c t i o n  of iron and t r ace  heavy 
metals t h a t  t he  r eac t ion  does not  proceed i n  pre- 
c i s e  s to ich iometr ic  proport ions as displayed i n  
the s impl i f i ed  equat ions above. 
f i e l d  t e s t ed ,  many o the r  combinations of oxidents ,  
and pH modif ie rs  can be u t i l i z e d  t o  e f f e c t  similar 
r e su l t s .  However, s ince  hydrogen peroxide i s  a 
readi ly  ava i l ab le ,  inexpensive indus t r i a l  chemical 
and s t rong  reagent  s o l u t i o n s  can be prepared with 
NaOH, sodium i s  the  p re fe r r ed  cat ion f o r  c r ea t ing  
a s t rong a l k a l i n e  environment f o r  the p rac t i ca l  
d i sassoc ia t ion  and oxida t ion  of HzS. 

Although not  

Measurements made of t h e  r e su l t an t  steam 
emitted t o  the  atmosphere ind ica t e  no caus t ic  o r  
peroxide carryover  t o  the  atmosphere. 

OPERATING PROCEDURES 

In  f i e l d  p rac t i ce ,  implementation of the  
system is very s t ra ight forward .  Caustic and 
peroxide i n j e c t i o n  po in t s  should be separa te  and 
located as c lose ly  as p r a c t i c a l  t o  the  banjo box 
i n  order  t o  provide maximum system residence t i m e  
fo r  the r eac t ion  t o  proceed t o  completion and 
maximum exposure t o  high Reynolds, Froude, & 
Webber number flow regimes f o r  optimal mixing. 
Vacuum sampling po in t s  should be provided both 
upstream of the  i n j e c t i o n  po in t  and on the  muff ler  
s tack  i n  order  t o  con t ro l  abatement l e v e l s  and 
optimize process e f f i c i e n c i e s .  

Hydrogen peroxide s to rage  and t r ans fe r  l i n e s  
should be 304 o r  316 p a s s i f i e d  s t an le s s  s t e e l  
using low volume pos i t i ve  displacement chemical 
metering pumps f o r  i n j e c t i o n  such as Pulsa Feeder 
Model 7120 4 . 2  t o  42 GPH e l e c t r i c  driven pumps. 
Care should be  taken t h a t  s to rage  tanks are pro- 
tec ted  by anti-siphon va lves  and tha t  a l l  hydrogen 
peroxide handling equipment has  been pass i f i ed  
with 68% Nit r ic  Acid f o r  2 24 hours. 

Caust ic  s torage and handling f a c i l i t i e s  can 
be  m i l d  s teel  and requi re  no spec ia l  handl ing 
procedures  o ther  than adequate containment provi- 
s i o n s  f o r  personnel s a fe ty  and anti-siphon valves  
t o  avoid s torage  contamination. If the  system i s  
to be u t i l i z e d  during cold weather condi t ions ,  a 
25% aqueous so lu t ion  of sodium hydroxide is recom- 
mended i n  t h a t  its f reezing po in t  is 0°F where 
50% so lu t ions  f r eeze  a t  50°F. 

I 

g a l lons  of s torage  should be provided for each 
chemical depending on de l ivery  problems a t  the  
s p e c i f i c  loca t ion .  

For a t yp ica l  geysers production w e l l +  2000 

Injection poin ts  should be  provided with high 
energy spray  nozzles f o r  improved mixing and d is -  
pers ion  i n  the  blooie  l i n e .  I n  l i n e  s t r a i n e r s  are 
recommended i n  t h a t  t he  nozzles  w i l l  tend t o  plug 
w i t h  fore ign  material. Provisions should be made 
f o r  removal and cleaning of spray nozz les  which 
provide minimum down t i m e  and personnel exposure. 

The scope of t h i s  presentat ion is necessa r i ly  
l i m i t e d  t o  t he  i n i t i a l  development phases of the  
abatement process and the  cons t ruc t ion  a spec t s  of 
full s c a l e  f a c i l i t i e s .  Republic Geothermal has 
n o t  had the  occasion t o  implement the  process  on a 
f u l l  s c a l e  opera t iona l  bas i s ,  however, t h i s  sul- 
f i d e  abatement process has been u t i l i z e d  by o ther  
ope ra to r s  with reported a t t a i n a b l e  f i e l d  abatement 
levels of up t o  95% with per w e l l  cos t8  averaging 
$6500. An additional. .important advantage of t h i s  
b loo ie  l i n e  abatement process is t h a t  atmospheric 
p o l l u t i o n  can be mit igated continuously, inde- 
pendent of d r i l l i n g  operat ions.  Previously 
t e s t e d  systems, re ly ing  on d r i l l  s t r i n g  in j ec t ion ,  
necessa r i ly  preclude abatement during a l l  r i g  
ope ra t ions  o ther  than d r i l l i n g .  
r e s u l t s  i n  s ign i f i can t  reduct ions i n  abatement 
e f f i c i e n c i e s  and u?desirable po l lu t ion  of the 
atmosphere. 

This new method 

Republic cu r ren t ly  has its hydrogen s u l f i d e  
process equipment leased t o  P h i l l i p s  Petroleum Co. 
and it is being operated f o r  P h i l l i p s  by t h e  
R. F. Smith Corporation. The R. F. Smith Corp., 
a geologica l  services corp. spec ia l i z ing  i n  the  
provis ion  of w e l l  mud logging services, also 
provides  rig f l o o r  compressor breathing equipment, 
S c o t t  A i r  Packs, b looie  l i n e  vacuum sampling de- 
v i c e s ,  hydrogen s u l f i d e  monitering equipment and 
i n t ends  t o  provide and operate  the  hydrogen sul-  
f i d e  abatement process described i n  t h i s  paper as 
a eervice t o  opera tors  i n  the  Geysers area. 
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FIGURE 1. H2S ABATEMENT PROCESS, TYPICAL EQUIPMENT 


