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and the noncondensable gas volumes have dropped over time.
Based on compositions and flows from source testing over the
last few years, and based on stated original design capacities, the
Stretford is currently operating at roughly 10-12% of original gas
flows and original design sulfur loads. As a result of the low load
on the unit, Calpine desired to determine if a more appropriately
sized unit, possibly based on alternate technology, might be more
cost effective than running the existing Stretford at a small fraction
of original design capacity. The study considered technologies that
would allow Calpine to replace their existing Stretford unit.
Calpine contracted Trimeric Corporation, a technical services
company with expertise in H2S removal in general as well as specific Stretford expertise, to study the situation at U14. This paper
presents a high-level overview of the results discussed in detail in
the ~100 page report that resulted from the work.
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Abstract
This report gives the results of Part 1 of a three part study
performed in 2007 to improve the primary H2S abatement system
at Sulphur Springs Unit 14 Power Plant owned by Calpine Corporation and located at The Geysers. The existing Stretford system
is approximately 30 years old and under-loaded due to reduced
NCG as a result of Geysers Recharge water injection. The 2007
study investigated three lines of inquiry:
Part 1): Is replacement of the existing Stretford system
economically advantageous, given the availability of modern,
environmentally-friendly gas treatment technology that could
handle the current low sulfur load with a much smaller footprint
and less parasitic power load?
Part 2): In lieu of replacing the Stretford system, what operational improvements can be made to the existing system to reduce
the total cost of treatment?
Part 3): What physical modifications can be made to the system
to reduce process shutdowns caused by sulfur plugging?
Two primary conclusions that were identified follow. i) Every
alternative technology considered proved to have a higher total
treatment cost than continuing with the existing Stretford unit,
even if no improvements are made, and even though it is operating
at ~10% of original design loading. ii) Significant reductions in
total treatment cost should be possible by implementing several
recommended improvements described in Part 2 and Part 3 of
the report.

2.0 Background, Design and Operation
of the U14 Stretford
As general background, Figure 1 shows a block flow diagram
of a geothermal power station like U14. Higher pressure geo-

1.0 Scope
Part 1): The geothermal power production site at The Geysers
known as Unit 14 / Sulphur Springs currently has a Stretford unit
for the removal of H2S from the noncondensable tail gas. The
Stretford unit has operated since approximately September 1980,

Figure 1. Block Diagram of Geothermal Power Plant.
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Figure 2. PFD of Calpine U14 Stretford Unit with Notations.

of the Absorber with only roughly 20-120 ppmv of H2S remaining. The gas then passes upward through a single bed Absorber in
order to remove the remainder of the H2S. The absorber contains
Flexiring packing, which is a large diameter, open-type, plastic,
random packing. H2S is removed to less than 1 ppmv typically,
well under the 10 ppmv permit limit.
From the sump at the bottom of the absorber, the solution then
flows via gravity through a line that enters near the bottom of an
open topped, stirred reaction tank. The purpose of the reaction
tank is to allow the sulfide that was dissolved into the liquor in the
Venturis and absorber to react to form elemental sulfur particles.
From the reaction tank, the solution flows sequentially through two
equally sized, round, stirred oxidizers. Two blowers supply air to
the oxidizers. The oxidizers serve two primary functions, 1) they
separate the sulfur particles from the liquor via froth
floatation, and 2) they reoxidize the vanadium catalyst
contained in the Stretford liquor. Diesel or other floatation / frothing aids are not currently used, although
equipment is believed to be available to do so.
Lean Stretford solution underflows a weir in the
second oxidizer to the balance tank. Dedicated pumps
circulate a stream of lean solution from the balance
tank up and into a cooling tower / evaporator located
above the balance tank. The purpose of the cooling
tower / evaporator is to maintain the water balance of
the system. Another set of 3 pumps (two operating
and one spare), Stretford Circulating Pumps, send lean
Stretford solution from the balance tank back around to
the Venturi scrubbers and to the top of the absorber.
Froth created in the oxidizers overflows the second oxidizer
via a weir into the stirred froth tank. From the froth tank the
sulfur froth is pumped via a progressive cavity pump through a
FiltraSystems vertical pressure filter. The washed cake discharges
through a cake chopper (to aid in reslurrying) and, as of 2007, is
reslurried, melted, and sold.

thermal steam passes through a Turbine, which drives the electric
generator unit. The lower pressure steam exiting the turbine then
passes into an indirect (“surface”) condenser. Noncondensable
gases exit the condenser and pass through one or more steam jet
eductors and condensers in the Gas Removal System and into the
Stretford H2S abatement system. The noncondensables including
H2S (about 80% of the total H2S contained in the incoming steam)
pass to the Stretford unit. The sweet gas from the Stretford unit
passes into the cooling towers.
Figure 2 shows an original PFD of the U14 Stretford with some
current differences from original shown. Similarly, Table 1 shows
the original material balance that was on the PFD with approximate
current sour gas and elemental sulfur product flow rates.
Table 1. Material Balance for Calpine U14 Stretford with Notations.

3.0 Technology Screening Study
The noncondensable gas from the gas removal unit first passes
into the two Venturi scrubbers in parallel. Most of the lean Stretford solution passes through the Venturi scrubber(s) as the motive
fluid. In the case of U14 with its very low current gas flows, an
unusually large fraction of the H2S appears to be removed across
the Venturi scrubbers; gas enters the Venturi scrubbers with ~3
vol% H2S and exits the baffle/channel device into the main part

Numerous technologies or technology combinations were
considered in the technology screening study portion of this
project in order to determine if there were any technologies that
could reduce costs by replacing the under loaded Stretford unit
with something more appropriately sized.
A spreadsheet tool was generated in Excel to evaluate the capital and operating costs for the various H2S removal technologies.
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The spreadsheet tool was set up so that important input variables
(e.g., gas flow, sulfur content, and operating costs) can be varied,
within a narrow range, to determine the effect on the overall treatment cost for the different H2S removal processes. The remainder
of this report discusses the design basis for the study and the results
of the screening study. Further information on the different H2S
removal processes evaluated is available from the authors.

These include the operating days per year, chemical costs, operator
salary, and utility costs for electricity, water, steam, and fuel. Any
variables that are not shown in green have been locked and are not
intended to be changed. The Chemical Engineering Plant Cost
Index is used to bring past capital costs to present value.

3.2 Results of the Screening Study

Table 3 summarizes the capital and operating costs for the
technologies evaluated in the study. Given the design basis conditions and assumptions of the study, it appears clear that continuing
to operate the Stretford unit, even without any improvements or
operating cost reductions, results in lower total treatment costs
than would result from installing and operating any new plant
based on different technology. Normally, this result would not
be surprising. A new plant has cost of capital associated with it.
As a rough rule of thumb, if an existing H2S removal plant is adequately doing the job, then the cost of capital disadvantages any
new plant. However, given that the U14 Stretford is operating at
roughly 10% of original design capacity, it was not known at the
outset that this rule of thumb would prove accurate for U14.
Although the costs for new technologies in Table 3 are believed
roughly accurate, the data should not be used to compare one new
technology with another except in a gross sense. The work is
accurate enough to demonstrate clearly that no new technology
would be able to compete with running the existing underloaded
Stretford unit. However, the work was not intended to indicate
which of the new technologies was the most cost effective; a more
thorough study would be needed to make that determination.
It also appears clear from the results table that modifications
to the U14 Stretford could reduce total treatment cost further.
Note, however, that the Stretford operating costs assumed
1 power station shutdown per year. However, the Stretford has
recently run longer than 1 yr between plugging-forced cleanings.
For example, there was a ~514 day run that ended in February
2006 and a run of ~13 months that ended in March 2007.
In March 2007, although Venturi tailpipes and packing were
cleaned, the shutdown during which they were cleaned occurred for other reasons and was not a result of Stretford
plugging. If the assumption of 1 plugging-caused shutdown
per year were changed to 1 event per 2 yrs, then the existing
Stretford as-is would be even more favored over new plants.
And, there would also be slightly less economic driver to
make modifications. (Although not covered in this paper,
the project also resulted in suggestions for troubleshooting
and improvement of the existing Stretford.)
The screening study results have implications for other
under-loaded Stretford units at The Geysers. It is likely that
repairing and/or improving the existing units will be less
expensive than bringing in new technology. Further, it is
the authors’ opinion that for Stretford units at The Geysers
that are slightly over loaded, it is also likely that improving/
expanding those units will be less expensive than adding
any new H2S abatement unit.
Another factor in favor of continuing with Stretford is
Calpine’s depth of experience with the technology. Few
companies with Stretford units have as many as Calpine,
and even fewer have as many staff with long term knowledge of Stretford units. As a result, Calpine has developed

3.1 Design Basis

Table 2 shows the design basis for the sulfur technology
study for U14. The design basis gas flow, composition, and outlet
H2S specification were set to be the same as Calpine provided
to Trimeric for use in the screening study, however the current
actual gas flows are slightly smaller at the U14 Stretford. This
is not particularly important, because as long as all technologies
use the same basis, it is still possible to accomplish the purpose
of determining which technologies provide the least expensive
total treatment cost.
The spreadsheet tool was organized so that important variables in the design basis could be changed, within narrow limits,
to evaluate the effect on treatment costs of the different H2S removal technologies considered in the study. These variables are
highlighted in green on the design basis page of the spreadsheet
and include: the inlet gas flow rate, outlet H2S content of treated
gas, and the CO2 and H2S content of the inlet gas. User changes
to the outlet H2S gas specification as well as the H2S content in
the inlet gas will result in different quantities of sulfur removal
and will affect treatment costs. The spreadsheet will normalize
the gas composition based on H2S and CO2 changes in the feed
gas so the total mole percent sums to 100.
Other variables can be changed on the Design Basis worksheet
to impact utility and operating costs of the H2S removal processes.
Table 2. Design Basis for Screening Study.
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Table 3. Results of Sulfur Technology Screening.

efficiencies (e.g., efficient methods of removing, cleaning, and
replacing absorber packing) associated with operating Stretford
units that would not exist with most new technologies (burn /
scrub approaches are an exception, since Calpine also has a few
of those).
Due to length restrictions, it was not possible to provide all the
details contained in the screening study, including descriptions of
the technologies considered, flow diagrams, and the data used.
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