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H2S ABATEMENT AT THE GEYSERS 

N. L. Ziomek 
Pacific Gas and Electric Company 

77 Beale Street 
San Francisco. CA 94106, (415) 781-4211 

This paper discusses the efforts by the 
inter-departmental task forces which have been 
formed by PGandE to improve and expedite the 
development, design, installation, and modi- 
fications to hydrogen sulfide abatement and 
abatement-related systems for The Geysers 
power plants. 

BACKGROUND - One of the most critical issues 
at The Geysers-Calistoga KGRA is the control 
of hydrogen sulfide emissions, which is an 
obstacle to the growth of geothermal energy 
utilization. Hydrogen sulfide is a component 
of the geothermal fluid and is released to 
the atmosphere at several locations within 
a power plant complex, primarily in the plant 
cooling towers. In the atmosphere it is 
transported to surrounding regions and can 
result in an odor nuisance if the concentra- 
tion is sufficiently high. The California 
ambient air quality standard for hydrogen sul- 
fide is 0.03 ppm for a one-hour average and 
was imposed to minimize the odor. 

The Geysers Project Office was established by 
PGandE on December 1, 1978 to improve planning, 
design, and construction of Geysers power 
plant units. 
responsible for the on-time, on-cost, and on- 
specification completion of new Geysers power 
plant units, including retrofitting the H2S 
abatement systems on units now in commercial 
operation. A Geysers Project Abatement 
Engineer was added to the Geysers Project 
staff to provide project direction and a more 
unified effort by the Company in the area of 
H2S abatement by coordinating the work of the 
many functional PGandE departments involved 
with H2S abatement. This responsibility 
includes assuring that the agreed-upon scopes 
of work, alternative approaches, and regula- 
tory commitments are met; schedules are 
established, updated, and maintained; costs 
are estimated and controlled; and that prob- 
lems, project status, and program modifica- 
tions, changes, or variations are promptly 
reported to management. 

The establishment of the position of Geysers 
Project Abatement Engineer, while establishing 
a single focal point for H2S abatement and 
indicating the importance that PGandE places on 
resolving the H2S abatement problem at 

The Geysers Project Manager is 

The Geysers power plants, did n o t  provide t h e  
necessary resources to solve certain abate- 
ment problems. As a result, in the past 
year, three different inter-department task 
forces were established to deal more effec- 
tively and more expeditiously with specific 
H2S abatement work. These task forces are: 
The Secondary Abatement Task Force, The 
On-Site H2S Abatement Task Force, and The 
Task Force for Decision Analysis on Units 
1-12. 

ON-SITE H2S ABATEMENT TASK FORCE - The Geysers 
Units 1-12 are direct-contact condenser units, 
not originally designed with H2S abatement as 
a consideration. Abatement systems for these 
units are "backfit" or "retrofit" technology 
systems. 

Six of these, Units 3, 4, 5, 6, 11, and 12, 
have been retrofitted with the iron/caustic/ 
peroxide system whereby the H2S is oxidized 
in the condensate to elemental sulfur; the 
emissions of H2S to the atmosphere are 
limited to that fraction that remains as 
dissolved hydrogen sulfide, sulfide, or as 
molecular H2S. These ironlcausticlperoxide 
abatement systems were developed by PGandE 
and installed within extremely restrictive 
regulatory constraints in order to achieve 
abatement as rapidly as possible. Normal 
design and construction practices were modi- 
fied to meet the regulatory deadlines. 
During 1979, the first full year of operating 
the iron/caustic/peroxide systems, PGandE 
found that the performance, maintenance, and 
reliability of these systems was unsatis- 
factory. Actions were initiated and continued 
throughout the year to improve and upgrade 
these systems; but late in 1979 it was recog- 
nized that a more coordinated effort was nec- 
essary to assure that the work would be com- 
pleted expeditiously. 
On January 4 ,  1980, an On-Site H2S Abatement 
Task Force was established to concentrate the 
effort on these abatement systems. This 
Task Force is specifically charged with 
assuring that the abatement systems for Units 
3 ,  4 ,  5, 6, 11, and 12 are upgraded and 
improved as appropriate. As a secondary 
purpose, the Task Force i s  upgrading the 
sulfur and iron sludge removal systems for 
the same units and the interim iron abatement /-- 
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systems at Units 2, 7, 8, 9, and 10. 
Initially, the Task Force identified the re- 
quirements needed to maintain reliable abate- 
ment systems and to resolve the outstanding 
problem; next, scopes of work were agreed 
upon and schedules were established. Physical 
work is well underway. 
include providing redundant pumps, adding and 
upgrading instrumentation, and providing 
complete system schematics and drawings. 

The Task Force Coordinator is a full-time 
position, reporting to the Geysers Project 
Office. On the Task Force are representatives 
of the following PGandE departments: 
Department of Engineering Research, Engineer- 
ing, General Construction, Steam Generation, 
and Division Operations (Geysers Power Plant). 
The Task Force collectively identifies and 
agrees upon work tasks. Responsibility for 
specific tasks is assigned to the appropriate 
departmental Task Force representative who 
assures that the task is completed in accord- 
ance with the established schedule. 

Typical work items 

While the work of this Task Force will not be 
complete until the end of this year, positive 
results have already been obtained in terms of 
improved reliability of these systems and more 
positive control of H2S emissions. 

THE SECONDARY ABATEMENT TASK FORCE - In 1975 
PGandE concluded from the operation and main- 
tenance problems associated with the iron 
catalyst abatement system, that it should not 
be continued on future units. This was not 
the technically and economically acceptable 
solution to the problem of H2S abatement that 
PGandE wanted. 

Starting with Unit 13 new Geysers units are 
equipped with surface condensers and Stretford 
systems for hydrogen sulfide abatement. With 
this system the H2S is separated from the con- 
densate in the surface condensers. Original 
estimates of distribution of H2S to the off 
gas in surface condensers ranged from 80 
percent to over 90 percent. The vent gas from 
the condenser is treated by the Stretford 
process. The Stretford process has been 
proven in use for some years in the oil re- 
fining industries. 

In June 1979, Geysers Unit 15, the first unit 
using a surface condenser and Stretford system 
for H2S emissions control, went into commercial 
operation. Operation of this unit showed that 
absorption of H2S into the steam condensate 
was greater than expected. 

Although the Stretford process itself is about 
99-blus percent efficient, removing essentially 
all of the H2S that reaches it as a gas, the 
overall H2S abatement efficiency is dependent 

upon the distribution of H2S that occurs in 
the surface condenser. 

H2S abatement regulations issued by the 
Northern Sonoma County Air Pollution Control 
District require Unit 15 and future units in 
Sonoma County to achieve an H2S release of no 
more than 100 g/GMHR after January 1, 1980. 
(For Unit 15 this is approximately 13.5 lbs/ 
hr.) The release could be further reduced as 
a result of these regulations to 50 g/GMHR 
on January 1, 1985. The Lake County Air 
Pollution Control District has issued similar 
regulations. 

At startup, Unit 15 did not meet these limits. 
Furthermore, surface condenser-Stretford 
systems by themselves may not be able to 
achieve these levels of abatement at other 
units. 

As a result, it was necessary to develop a 
supplementary or "Secondary abatement" for 
Unit 15 and the subsequent surface condenser/ 
Stretford system for Units 13, 14, and future 
units. 

Because of the complexity of the problem and 
the number of departments involved, the 
Geysers Project Office established a Task 
Force, in June 1979, to resolve the secondary 
abatement problem. Project direction is 
provided by the Geysers Project Abatement 
Engineer for the development of plans, objec- 
tives, and schedules to expedite secondary 
abatement development and implementation. 
This is accomplished through better communi- 
cation and a more unified approach between 
departments. The Task Force members represent 
the following PGandE departments: Department 
of Engineering Research, Mechanical and 
Nuclear Engineering, Civil Engineering, Siting, 
Steam Generation, Geysers Project Office, and 
a chemical engineering consultant. The Task 
Force meets every two or three weeks to 
discuss the secondary abatement development, 
engineering, construction, and operational 
problems. The necessary exchange of infor- 
mation is encouraged in this open forum with 
easy communication. Scheduling and control of 
all aspects of the secondary abatement work is 
expedited. 

T o  date, three processes have been identified 
and are being investigated for use as second- 
ary abatement systems at surface condenser- 
Stretford units. These are: 1) Hydrogen 
peroxide and hydroxyacetic acidliron catalyst 
injection into the condensate; 2) High temper- 
ature and pressure air oxidation treatment of 
condensate, and 3) Acid spray injection into 
the condenser. 

4 - 2 5  



The first two processes treat the condensate 
so that the H2S*is oxidized and remains in 
the condensate as soluble sulfates and thio- 
sulphates. The third process, acid injection, 
changes the condensate in the condenser from 
an alkaline to an acidic pH; consequently, 
the H2S is preferentially distributed in the 
surface condenser to the vent gas and deliv- 
ered to the Stretford process where the H2S 
can be distributed to the Stretford system. 

The regulatory timetable for controlling H2S 
emissions at the new units, Units 15, 13, and 
14, required us to proceed with the imple- 
mentation of some form of secondary abatement, 
even though none of these processes had been 
thoroughly tested. In view of these require- 
ments, PGandE decided to install the hydrogen 
peroxide and HAA/iron catalyst process based 
on the fact that it was furthest along in 
development. 

At the present time we are maintaining 
installation schedules for the process; we 
have met operational commitments for these 
systems at Units 15 and 13, and will do so 
at Unit 14. The initial months and weeks of 
operation of the hydrogen peroxide and HAA/ 
iron catalyst process have been satisfactory, 
and we are now awaiting longer-term operation 
and test results. 

In summary, the Secondary Abatement Task Force 
has served as a focal point where all the 
secondary abatement work, research, develop- 
ment, design, and construction can be 
coordinated. 

TASK FORCE 
UNITS 1-12 ~~ .~ 

Units 1-12 

ON A DECISION ANALYSIS FOR GEYSER? 
- As previously stated, Geysers 
are direct-contact condenser units 

which were not initially designed with H2S 
~ 

abatement as a consideration. Further, we 
are not satisfied with the iron/caustic/ 
peroxide system as a “final solution” to 
abating these units. Even though this system 
is installed at six of the twelve operating 
units and we are attempting to improve its 
operations through the previously-mentioned 
On-Site Task Force, we also believe that in 
the long term we need a better system; one 
that is more reliable, less detrimental to 
our power plants, more economic, and safer. 

We are actively considering and investigatinga 
large number of alternative abatement proces- 
ses and process combinations for long-range 
application at Units 1-12. Among the 
processes being considered, investigated, 
and/or developed are: EIC, Coury, Caustic 
Scrubbing, Acid Scrubbing, Iron/Caustic/ 
Peroxide Enhanced with Nalco Dispersant, Dow 
Iron Chelate Catalyst, Surface Condenser 
Backfit, Acid Injection into Condensate, 

Vacuum Stripping, Catalytic Air Oxidation, 
.High Temperature and Pressure Air Oxidation, 
Stretford, Takahax, Selectox, Incineration, 
and Fluidized Bed. 

Our most immediate concern in this area of our 
abatement work is the decision with respect 
to implementing an abatement system for 
Geysers Unit 7. We are now operating under a 
variance from the NSCAPCD regulations. This 
variance allows remaining direct-contact 
condenser units, Units 1, 2, 7, 8, 9, and 10, 
to operate with only natural abatement. 
(Except for certain periods based on meteoro- 
logical conditions when ”interim” abatement is 
used on Units 2, 8, 9, and 10.) Interim abate- 
ment is the use of the iron catalyst. This vari- 
ance is tied directly into the development of 
the EIC process which we have been investi- 
gating for long-range applications of that 
process at Geysers Unit 7. Recently, we 
requested and received a delay of that deci- 
sion until July 1980. 

Because of the ramifications and implications 
that this Unit 7 decision has on the remaining 
unabated units, and also on any decision to 
replace abatement systems at the s i x  units 
abated with the iron/caustic/peroxide, the 
Company initiated a formal, rigorous decision 
analysis to define the risks and establish a 
level of confidence in the resulting decision. 
To expedite the decision analysis process, 
another Task Force was formed. The specific 
objective of this Task Force was to analyze 
all the potential abatement methods and to 
make a recommendation for the decision to be 
made for Unit 7. In addition, recommendations 
were to be made regarding the other five 
unabated direct-contact condenser units and 
eventually for the possible replacement of 
the iron/caustic/peroxide at Units 3, 4 ,  5, 6, 
11, and 12. 

/-- 

Departments represented on this Task Force 
are: Department of Engineering Research, 
Engineering, Steam Generation, Siting, and 
the Geysers Project. An outside consultant 
has been hired to provide decision analysis 
techniques. This Task Force held its first 
meeting on January 30, 1980, and met regularly 
through the end of May. This Task Force has 
essentially concluded its work and the recom- 
mendations are being considered at this time 
by PGandE management for a final decision. 

CONCLUSION - The formation of special task 
forces to accomplish specific objectives has 
drawn together the various functional depart- 
ments to expedite and aid the effort to bring 
overall solutions to H2S abatement problems 
at The Geysers. 
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