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The Heber Geothermal Resource, in California was developed
in the early 1980s by the Chevron Geothermal Company (in
association with Unocal Geothermal) to support a projected
500 MW of electrical power generation from 360oF
geothermal fluids. The Heber Binary Project was to share the
resource initially with the 47 MW HGC double flash
geothermal power plant. The Heber Binary engineering phase
was initiated in 1981, with construction completed, and the
plant ready for start up in mid 1985

ABSTRACT
The Heber Geothermal Resource, in California was developed
in the early 1980s by the Chevron Geothermal Company to
support of 500 MW of electrical power generation from 360oF
geothermal fluids. By 1985 two power plants were sharing the
resource; (a) the 47 MW (net) double flash HGC Plant owned
by the Heber Geothermal Company and (b) the 45 MW (net)
Heber Binary Power Plant owned by the San Diego Gas &
Electric Company. The Heber Binary Plant was designed with
a supercritical binary cycle and a single turbine – generator,
rated for 70 MW capacity with 23.5 MW in parasitic power
usage. The geothermal fluid for full output was to be
3,750,000 lbs/hr at 360oF. The plant went on line in 1985,
with lower fluid temperature and a flow rate never more than
2,700,00 lbs/hr. As a result the plant generated only 16.5 MW
gross and 5 MW net. With this low output, operation was
discontinued and the plant was decommissioned by the
owners.

THE HEBER BINARY POWER PROJECT
Project Description
The Heber Binary Power Plant was designed with a single
70 MW turbine and generator, operating in a supercritical
Organic Rankine Cycle with a 90/10 mixture of isobutane and
isopentane as the binary motive fluid. The project was
designed to produce 70 MW gross power, from 7.7 Mlbs per
hour of 360oF geothermal brine, with approximately 45 MW
net after deducting plant and brine pump power consumption.

In 1992 the Second Imperial Geothermal Company contracted
for the development of a modular binary power plant with
33 MW net output from 330oF geothermal fluid. A subcritical cycle binary power plant incorporating 6 modules
designed to generate 40 MW gross power, from 6,000,000
lbs/hr of 330oF fluid, was installed. The well field was
developed so that there was no interference between the
double flash plant and the modular binary plant. Construction
was begun on the Second Imperial Geothermal (SIGC) Power
Plant in December of 1992. The SIGC plant went into
Commercial operation on July 2, 1993, producing 113% of its
rated net output. Both plants at Heber are operated by Ogden
Geothermal, and are producing at design levels.

By 1985 two power plants were sharing the resource; (a) the
47 MW double flash HGC Power Plant, owned by the Heber
Geothermal Company, and (b) the 45 MW {net) Heber Binary
Power Plant. The Heber Geothermal Resource well field was
developed with two production "islands"; one island
containing the self flowing wells supplying the HGC double
flash plant, and one island containing the pumped wells which
were to supply 1/2 of the geothermal fluid to supply the Heber
Binary Plant. However, despite the fact that the Heber
Geothermal Resource Area encompasses some 10 square
miles, both of the production islands utilized directionally
drilled wells, which were producing geothermal fluids from
the same relatively small 1 square mile area between the
production islands.

BACKGROUND

Project Performance

In the mid 1970s the US Department of Energy (USDOE)
and the utility industry recognized the fact that there were a
large number of moderate temperature resources in the United
States, and expressed serious interest in the concept of
demonstrating commercial scale binary geothermal power
plants. In September 1980 a pioneering cooperative
agreement was signed between San Diego Gas and Electric
(SDG&E) and the USDOE, to develop the Heber Binary
Project to prove the economic and technical viability of the
yet unproven large-scale binary cycle geothermal power
production. Other sponsors of the project included the Electric
Power Research Institute (EPRI), the State of California, the
Imperial Irrigation District, the Department of Water
Resources, Southern California Edison Company, Pacific Gas
and Electric Company, Magma Energy, Bechtel Constructors
and Fluor Engineers.

The Heber Binary Power Plant went on line in 1985, with
338oF brine temperature and a sustained flow rate that never
was greater than 2,700,00 lbs/hr. This was due to both
unanticipated interference between the two production
islands, and a decrease in brine temperature when all the wells
were flowing. As a result the plant generated only 16.5 MW
gross and 5 MW net in sustained operation as described by
Nelson (1986).
The problems encountered by the Heber Binary Project were
largely the result of the unproven design approach, which did
not account for many of realities of geothermal power
projects, which today are, accepted industry practices, as
follows:
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The well-field reservoir model did not accurately
predict the temperature of the produced brine when
all the wells were flowing;
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The well-field production model did not accurately
predict the interference between the two production
islands;
The use of a single turbine-generator train, instead of
a modular power unit approach, resulted in numerous
complete plant shut downs when key components,
many of which were prototypes, were taken out of
service for repairs;
The lack of modularity also resulted in a
disproportionately low net power output with partial
geothermal brine flow; i.e. with 50% of the design
flow the power output was some 20% of the design
value, (MW output versus Brine Flow.)
The use of a supercritical cycle, though generating
more gross power, produces the same net power as a
sub-critical cycle at full design output. But this
produces higher internal pressures and higher
internal power usage, which in this case further
exacerbated the component problems, and
The higher internal plant power usage resulted in
lower output at partial brine flow rates.

unit may be shut down for maintenance with the remaining 5
units utilizing the full geothermal fluid flow to produce full
capacity during maintenance periods.
Since the SIGC Binary Power Plant was designed to utilize
lower temperature geothermal fluid, which was produced
from other sections of the resource, the well field was
developed so that there was no interference between the HGC
double flash plant and the SIGC modular binary plant. In
addition an innovative injection strategy which developed a
"barrier" between the two production areas was employed.
The actual productivity of the SIGC wells was higher than
predicted from the testing of the original wells, which were
drilled in the area by Chevron and were completed by
cementing casing in place and perforating the casing in the
zones of interest. The SIGC wells were completed with
perforated liners hung over potential zones of interest. While
a conservative estimate envisioned the need for up to
11 production wells, the completed project was able to
operate at full capacity with only 7 wells at start up. (See
Table 1.)

With unacceptable low power output, and without the
reasonable prospect that design performance could be
achieved, the operation of the Heber Binary Plant was
discontinued in 1987 and the plant was subsequently
decommissioned by the owners.

Construction was begun on the SIGC Power Plant in
December of 1992. The SIGC plant went into Commercial
Operation on July 2, 1993, producing 113% of its rated net
output power. The SIGC power plant has been continuously
operating since mid 1993 at an annual capacity factor over
90% with over 99.% availability. Table 2 is a summary of a
typical period of operation.

THE SECOND IMPERIAL GEOTHERMAL COMPANY
BINARY PROJECT
In 1991 the Heber Geothermal Resource Area was acquired
by GE Capital Corporation. In 1992 the Second Imperial
Geothermal Company (SIGC), contracted for the turnkey
development of a water-cooled modular binary power project
with a 48 MW nameplate capacity to produce 33 MW net for
sale power output from 330o F fluid. In a sale - leaseback with
GE Capital in December 1994 Ogden acquired the partnership
interests in SIGC from OESI and Centennial, the original
developers.

Both Heber power plants, as well as the geothermal resource,
are operated by Ogden Geothermal, and are producing at, or
above, design levels.
SUMMARY
The Heber Binary Project was a pioneering effort to harness
moderate temperature water dominated geothermal resources
for commercial power production. The Project, which was
completed in 1985, did not accomplish its goals because of
several flaws in the design philosophy, including: (a) the
reservoir modeling did not accurately predict the performance
of the resource with a competing power plant; (b) the use of a
single turbine - generator train in a super critical cycle did not
have the flexibility to adapt to lower temperatures and lower
geothermal fluid flow rates.

An ORMAT sub-critical cycle, modular binary power plant,
incorporating 6 Integrated Two Level Units (ITLUs),
designed to generate 44 MW gross power, from 6,000,000
lbs/hr of 330oF fluid, with 68oF condenser cooling water, was
installed. Each ITLU, which incorporate a proprietary
cascading design, is comprised of a 4.5 MW generator with a
double-ended shaft in Level I, driven by two 1,800 RPM
turbines, and a similar 3.5 MW in Level II, driven by two
1,800 RPM turbines. These modules incorporated improved
efficiency turbines and condensers, as well as the slow speed
turbines, which eliminated the need for a speed reducing gear
box in the turbine-generator train. (Photograph of the plant in
Figure 1).

The result was that a plant designed to produce 45 MW (net)
output produced only 5 MW with the constrained resource
conditions. With no reasonable expectation of correcting the
inherent problems the Heber Binary Power Plant was shut
down in 1987 and subsequently decommissioned.
The SIGC 33MW (net) ORMAT Modular Binary Power Plant
was constructed in the first half of 1993 and commissioned
six months after ground breaking. This plant utilizes six
factory integrated binary power modules, operating from
lower temperature fluid produced by a non interference field
development of the Heber resource. Utilizing improved
efficiency slow speed turbines and improved condensers, in a
sub-critical design, The SIGC plant, during six years of
continuous operation, has achieved over 99.% availability
with annual capacity factors of over 90%.

The ITLUs are based on a sub-critical Organic Rankine
Cycle, with iso-pentane as the motive fluid. The sub-critical
cycle results in lower parasitic power usage and lower internal
pressures within the power plant. The maximum internal
pressure of the sub-critical cycle is 225 psia as compared to
800 psia in the original super-critical cycle. The use of
modularity, along with lower internal power system pressures
and the slow speed turbines resulted in greater simplicity and
higher power plant reliability. In addition since each of the six
modules can operate as an independent power plant, a single
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Both the HGC double flash power plant and the SIGC
modular binary power plant, as well as the combined well
field, are operated and maintained by the Ogden Geothermal
Company, with the power produced sold to the Southern
California Edison Company under a long term Power
Purchase Agreement.

Table 1 – TIGC Well List
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Well Number

Depth (ft)

P-1
P-2
P-3
P-4
P-6
P-7
P-8
P-9
P-10
P-11

4007
4038
4032
5000
4038
6000
4008
3987
4065
4035

I-1
I-2
I-3
I-4

4500
Existing
4500
Existing

1. P Wells – Production
2. I Wells – Injection
3. Wells were drilled from 12/8/92 to 4/19/93
Table 2 – SIGC Performance Data
Key Element

April

April Budget

1999

1999 Budget

Energy Sales
Avg. Generation
Availability
Brine Flow
Infield Flow
Purchased
Power
Savings

25,410 MWh
35.3 MW
88%
7.36 Mlb/hr
75%
214.5 MWh

24,100 MWH
33.5 MW
90%
7.2 Mlb/hr
72%
200 MWh

103,564 MWh
36.0 MW
96.3%
6.98 Mlb/hr
76%
786 MWh

99,600 MWh
33.5 MW
89%
7.2 Mlbr/hr
72%
800 MWh

Figure 1 – SIGC Power Plant Photograph
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