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The 1995 World Geothermal Congress

(WGC) in Florence, ltaly, -highlighted the:

increasing role of geothermal energy as a
world energy contributor. The Honorable
Hazel O’Leary, Secretary, U.S. Department
of Energy (DOE), delivered the keynote
address to the WGC. In her address, she

said, “This reliable, abundant, and environ-

mentally-friendly resource which has been
hugely successful in- the -U.S. is rapidly

becoming a competitive source of energy

worldwide.” She added that “geothermal
energy is ready to be put to practical use in
many. countries, and through cooperation
between governments and with industry,
we can accomphsh this qmckly

More than 1,000 energy pohcy—makers
and experts from 80 countries attended the
WGC. The chairman of the ltalian National
Electricity Board noted that some of the del-
egates represented B

”...Countnes, w:th :the resources and
other countries with technology and
. capital ... If we’ve managed to activate
some synergies by the end of the
Congress, we will have answered one
of the important expectations with
which the Congress-goers arrived in
Florence... Only international cooper--
ation makes it possible to optimize
(geothermal) resources and move on
to new horizons.” :

The technical sessions of the Congress -

explored state-of-the-art technologies and
the innovative research which will create
the methods of the future. The role of gov-
ernmental policies and regulations and the
impact of public/government/utility under-
standing of the resource were also consid-
ered at the WGC. ‘

Secretary O’Leary also  met with a
roundtable of U.S. delegates, emphasizing
her desire to hear of challenges facing
industry and asking, specifically, how can
the DOE support-.and assist the industry?
Secretary O’Leary’s responses to the dele-
gates’ suggestions and the resuits of fol-
low-up meetings are descnbed in the FED-
ERAL BEAT.

DOE is particularly concerned with
reducing the costs of geothermal power
generation, especially with the abundant
moderate- to low-temperature resources:in
the U.S. This concern is reflected in DOE's
support of a number of energy conversion
projects. Projects which focus on the costs
and performance of binary cycle technolo-
gy.include a commercial demonstration of
supersaturated turbine expansions, which
earlier studies have indicated could

" increase the power produced pet pound of

fluid. Other -binary cycle projects include
evaluations of the performance of various
working fluid mixtures -and the - develop-
ment and testing of advanced heat rejec-
tion systems which are desperately needed
in water-short geothermal areas.

DOE is also investigating the applicabili-
ty of flash steam technology to low-temper-
ature resources, as an economic alternative
to binary cycle systems. A low-cost, low-
pressure steam turbine, selected for a grant,
will be constructed to utilize fiuid dis-

_charged from a flash steam plant in Nevada.

Another project addresses the efficiency of
high-temperature flash plants with a
demonstration of the performance of the
Biphase turbine which may increase the
power output of such installations with no
increase in fluid flow.
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Field experiments are comparing data

from slimholes with data from more expen-

sive production-size wells. The aim is to
reduce drilling costs by substituting slim-
holes for production-size wells for tests and
data gathering during exploration and con-
firmation. The slimhole technoldgy would
not only reduce costs, but reduce the envi-
ronmental impact of drilling as well.

Perhaps the most noteworthy feature of
this issue of the GPM, the 17th since its
inception in 1980, is the high degree of
industry participation in federally-spon-
sored geothermal research and develop-
ment (R&D). An active partnership between
government and industry in geothermal
development was envisioned at the incep-
tion of the federal program, and, today, this
partnership is stronger than ever.

In addition to joint participation in
research projects, DOE and industry have
recently become partners in the develop-
ment of additional commercial power gen-

eration capacity. The Department is offering
financial incentives to offset industry’s risks
of installing new plants (or retrofitting exist-
ing ones) through its Geothermal Power
Market Mobilization Initiative. '

In response to the Program Review Xl
(San Francisco, March, 1995) theme, “The
Role of Cost-Shared R&D in the Development
of Geothermal Resources,” Ron A. Walter
of Calpine Corp. told the audience:

“I believe this method of funding to
‘be one of the most effective ways that
DOE can help industry to improve its
product. Most of the projects I'm sup-
porting today ... can be undertaken on
a cost-shared basis since the focus is
on near-term results ... The biggest
mistake we could make is to ignore
the present, and lose our existing
- hold on the market” while seeking
long-range results for application
“after the industry has disappeared.”



SECRETARY O'LEARY OFFERS
GEOTHERMAL INDUSTRY
A HELPING HAND

In response to concerns expressed by -
geothermal industry spokesmen during the:
U.S. Roundtable - at the - 1995 World-

Geothermal Congress (WGC), U.S. Energy
Secretary Hazel O'Leary stressed the impor-
tance of geothermal industry specialists tak-
ing their case to authorities and framing

priority lists to° which the federal govern--

ment can respond. “The best advocates on

behalf of the business are business people,”.

she ‘said, adding, “you are the ones who
have to make up your minds what's needed
in the long term, and take concerted action.”

| The Roundtable, held in Florence,. ltaly, |

on May 25, was attended by 40 representa-
tives -of the U.S. geothermal industry, 10
representatives of other U.S: organizations,
including the national laboratories and sev-
eral universities, and four representatives
from the Department of Energy (DOE). In

addition to Secretary O'Leary, DOE was rep--
resented by: Richard Rosenzweig, Chief of .

Staff, Office of the Secretary; Jeffrey Hahn,
Geothermal Program Manager, Golden
Field Office; and Allan Jelacic, Director of

the Geothermal Division. The meeting was
sponsored. by the Geothermal Energy

Assocnatlon (GEA)

‘O'Leary emphasized her desire to hear

the challenges facing the industry; including’
attempts in Congress to reform or repeal’
the Public Utilities Regulatory Policy Act of .
1978 (PURPA), and industry recommenda-.

tions on how to balance the various com-
ponents of DOE's geothermal research pro-

gram. Specifically, how can DOE support

and assist the industry? This question, cou-
pled with four brief industry’ statements'

sparked further dlscussmn

Secretary O'Leary respondéd to indus"tr'y>

recommendations by committing to:

» work with the industry in strengthening
its competitive position through more
technology R&D and helping to open

~ foreign markets to U.S. products and
services

« continue to fight for |mproved envnron~
mental conditions worldwide using
" clean energy technologles .

« work with the Bonneville Power
Administration to sustain its commit-
ment to purchase power from two .

geothermal pilot projects in the Pacific |

NW,

s spur completion of DOE's externalities
study mandated by the Energy Policy
Act of 1992,

She also called for a subsequent indus-
try/DOE meeting to discuss research priori-
ties and related issues. At the Secretary's
request, the industry representatives contin-
ued discussions after the Roundtable in order
to provide the Secretary with input on how

DOE can be of greater assistance. Industry

discussions during the Roundtable follow-up
meeting elaborated on areas such as:

 the need to create a stable domestic
- power market as deregulation of the
- utility industry proceeds and to insure
the security of existing power contracts
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» the means to provide incentives to util-
ities to make long-term power pur-
chase agreements

* a strong advocacy for implemehting
the results of the externalities study

* the continuation of high-level foreign
trade missions including one or more
persons from the industry to countries
with significant geothermal potential
such as Indonesia, the Philippines, and
Latin America

e a study of U.S. tax laws to determine
changes that could foster export of
U.S. geothermal products and services

* the promotion of extended cooperation

between the U.S. geothermal R&D
program and the programs of other
countries

e a more flexible and timely process for
funding industry/DOE cost-shared R&D.

GEA SPONSORS WORKSHOPS IN
RESPONSE TO O'LEARY'S
SUGGESTION

In July, 1995 the GEA sponsored two
subsequent workshops in response to
Secretary O'Leary's Roundtable suggestion
at the World Geothermal Congress. Attend-
ance at the first workshop was restricted to
representatives of the private sector. They
were joined in the second by representa-
tives of DOE, the national laboratories, and
universities. The industry group identified
and prioritized its chief technical priorities

as itemized in Table 1. The industry's rec-
ommendations for the DOE geothermal
R&D program are listed in Table 2.

During Workshop I, ASeparaté” grdups
were formed to discuss research approach-
es in four areas: »

e drilling and completion

* exploration, subsurface mapping, and
fracture and permeability detection

* reservoir engineering and detection

s power plant systems, corrosion and
scaling, and materials.

In addition to individual group meet-
ings, several plenary sessions were con-
ducted for all participants to discuss work-
ing group recommendations. A report cov-
ering the two workshops is available by
contacting the GEA at (202) 383-2676.

FEDERAL FUNDING AVAILABLE TO
OFFSET RISKS OF NEW
GEOTHERMAL POWER CAPACITY

As reported in GPM No. 16, industry/
government consortia were formed by
DOE's Geothermal Division in response to
the President's Climate Change Action Plan.
The focus of these collaboratives is to pro-
mote the use of geothermal energy as a
strategy for reducing greenhouse gas emis- -
sions, the objective of the President's plan.

Under the Geothermal Power Market

- Mobilization Initiative the federal govern-



Table 1. R&D Priorities Identified by Industry

~ Technical Area : : S " Priority
Drilling—Conventional drilling, slim holes, and advanced technologies High
Exploration and Subsurface Mapping—Permeability and fracture
detection, reservoir mapping, conceptual models High
Reservoir Assessment—Reservoir simulation, chemical control of -
permeability, tracer development, injection modeling = oo High
Corrosion and Scaling Prevention—Materials and coatlngs for :
subsurface and surface equipment , : High
Energy Conversion—Dry steam, flash and binary cycles,
heat rejection, noncondensible gas rejection High
Cost-Shared Exploration Drilling—Industry-coupled dnlllng program Moderate

Geothermal Heat Pumps—Stimulation of geothermal heat pump
installations in residences, schools, commercial buildings
(The Geothermal Heat Pump Consortium was not represented at these meetlngs) Low

Heat Mining—Conventional hot dry rock, deep crustal heat,
similar systems o _ : Low

Table 2. Reeommendations for DOE Geothermal R&D

Recommended Action

Program Focus—Focus the DOE research program more sharply on the goals of the component
projects and the efforts of |nd|V|duaI researchers

Focus R&D on items havmg Iarge cost |mpact and large front-end costs. Use economic modehng as
one guide to budget allocatlon Perform systems studles where needed to determine hlghest-cost
items. ; . .

Industry Oversrght—Prowde more lndustry input into and oversrght of DOE R&D programs.

. Make more effectwe use of advnsory groups for- techmcal programs in (1) drilling, (2) explo-
' ’ ratlon, (3) reservorr mapplng, and (4) energy converslon

. Provnde recommendatlons on overarchmg pnorltles through mstltutlon ofa GEA-sponsored
--advisory committee. :

Controverslal R&D—Establlsh effectnve industry review of and recommendatlons on controversial
programs-hot dry rock, National Advanced Drilling and Excavation Technology program, Iaboratory
involvement in export programs, others on a case-by-case basis.

Cost Sharing—Strengthen and provide more funding for the Geothermal Drilling Organization
{GDO), the Geothermal Technology Organization (GTO), and the Geothermal Power Orgamzatlon
(GPO) as mechamsms for cost-sharing R&D work with mdustry




ment will encourage: 1) additional geother-
mal capacity by providing financial incen-
tives that help-offset the initial drilling and
plant installation risks associated with
opening new hydrothermal fields, or 2)
retrofitting . existing plants. Proving new
fields will encourage further investment in
geothermal power generation and increase
market share. This, in turn, will persuade
companies to take greater risks in opening
new hydrothermal fields and installing the
first power plant. These field opening
plants, known as ice breaker plants, range
in size from 0.5 to 2 MWe and can be used
as testing grounds for innovative technolo-
gies. Step-outs within existing fields are also

targeted with power plant sizes up to 15 .

MWe, in order to minimize the investment

risk of expanding a productive geothermal‘

field. Further, effic clency improvements to
existing plants usmg available and viable
technologies are encouraged.

Fiscal year 1995 funding for this initiative
was $800,000. The first award went to Earth
Power Resources, Inc., for a geothermal
binary plant at Lee Hot Spring in Nevada.
The federal funds are earmarked specifically
to offset power plant and transmission line
costs and cannot be applied to the costs of
developing a reservoir. The plant is
described in detail in INDUSTRY SCENE.

Groundbreaking for the S.E. Geysers
Pipeline and Injection Project, ‘(Figure 1)
another Power Market Initiative Project, was
held on October 6, 1995, and the project is
expected ‘to’ become operatlonal in early
1997 As described in GPM Issue No. 15, a
29-mile p|pe||ne will carry up to 7.8 million
gallons per day of treated wastewater efflu-

ent from the communities of Clearlake,

Figure 1. Southeast Geysers
Effluent Pipeline

Lower Lake, and Middletown for |nject|on
into the southeast sector of The Geysers

- steam field. The project will serve both to
" sustain steam production at the field, pro-

ducing an additional 70 MWe of generating
capacity at existing plants, and to provide a
publicly-acceptable method of wastewater
disposal.’

In addition, it may increase the royalty

" income of the federal government by about
-$71 million over the next 25 years. A royal-



ty of 12.5 percent on the value of the steam

produced on federally-owned land at The
Geysers, which accounts for about 55 per-

cent of the total acreage in the SE portion,
is paid to the federal government. Half of
the total royalty income returns to the State
of California which in turn distributes it
among the California Energy Commission
(CEC), a state royalty account, and the two
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counties of origin. CEC uses a portion of its
share to fund loans and grants for innova-
tive geothermal projects (See related article
in STATE AND LOCAL.) - Production in the
SE area of the field represents a little less
than 40 percent of the total Geysers pro-
duction. Figure 2 presents the projected
increase and sharing of royalties. (Source:
Northern California Power ‘Agency)

2010 2014 2018 2022 2026

Source Northern California Power Agency

W With Augmented Injection B2 Without Augmented Injection

Pro;ected Impact of Augmented lnjectlon on Royaltues

“Augmented ln;ectlon _
Government Entity ~With Without - Increase
Bureau of Land Manaqement $75,400,000 - | $39,500,000 $35,900,000 |
CA State Account , - $22620000 | 11,850,000 $10,770.000 _
CA Energy Commission- $22620000 | $11.850,000 | $10.770.000
Lake County $15,080,000 $7,900,000 |  $7,180,000
Sonoma County $15,080,000 ~$7,900,000 $7,180,000
Totals ~$150,800,000 |  $79,000,000 | $71,800,000

Note: Royalties calculated on besis of entire field, includmg PGSE units. Gross generatlon pro;ecuons are only for NCPA umts,

to represent the magnltude of |mprovement expected

Flgure 2 Projected Increases in NCPA Production and Royalty Payments
Attributable to Cost-Shared S.E. Geysers Pipeline Project



- A distinguishing halimark of the project
is its public/private financing plan that
reflects the wide spectrum of :interests
impacted by the project. Construction costs
are being shared by the geothermal industry,
Lake County, California Energy Commission,
the U.S. Departments of Energy, Interior, and
Commerce, ' and the Environmental
Protection Agency. The construction cost is
approximately $42 million, including treat-
ment plant improvements. Annual operat-
ing costs are estimated at about $2 million.

13TH ANNUAL GEOTHERMAL
‘PROGRAM REVIEW
WELL ATTENDED BY INDUSTRY

DOE's 13th Annual Geothermal
Program Review was held in San Francisco
March 14-16, 1995. The 120 registrants
included a number of industry representa-
tives as well as representatives of interest-
ed federal, state, and local agencies.
Executives from Calpine Corporation,
Northern California Power Agency (NCPA),
Unocal Geothermal, and Pacific Gas &
Electric Company (PG&E) discussed the
public/private research that they consider
important to the geothermal community. A
number of industrial participants expressed
interest in strong government support for
their expansion in overseas markets. The
GEA conducted a seminar on the status and
direction of geothermal development in
conjunction with the program review. See
articles in INDUSTRY SCENE and TECH-
NOLOGY DEVELOPMENT for reports on
presentations by various speakers.

USGS TO RESUME BASIN AND
RANGE GEOTHERMAL
INVESTIGATIONS; SEEKS
INDUSTRY PARTNERS

After a hiatus of 10 to 15 years, the U.S.
Geological Survey (USGS) is re-visiting
geothermal prospects in the Basin and
Range Province. The renewed study is
focused on the northern Basin and Range,
or Great Basin, where current geothermal
power development is concentrated. The
broadly based study includes plans for geo-
logic, heat flow, hydrologic, and various

surface-based geophysical studies.

The USGS is seeking industrial partners
to investigate the -potential for new
hydrothermal reservoirs and to develop the
technology to enhance the productivity of
existing reservoirs. Its earlier studies of the
area, conducted in collaboration with DOE's
National Laboratories during the 1970's and
early 1980's, were complementary to both
regional and site-specific industry explo-
ration, and were conducted without indus-
try assistance. This independent approach
to the studies was instituted in reaction to
intense competition among geothermal
operators and the uncertain status of land
holdings, coupled with the lack of an appro-
priate mechanism for industry/government
cooperative research.

More recent federal legislation has pro-
vided both a mandate and a mechanism for
including industry in the USGS investiga-
tions. In particular, the USGS has been
instructed by PL. 102-486 (the Energy Policy
Act of 1992) to enter into partnership with’



industry and other. governmental agencies
to assess the potential of heat mining (or hot
dry rock) on federal lands..In addition,- the
Technology Transfer Act (PL. 99-502). pro-
vides for the establishment of.Cooperative
Research and . Development Agreements
(CRADAS) between federal laboratories and
industrial or other -non-governmental par-
ties. The chief advantages of CRADAs over

previous cooperative agreements exist in.
the specific safeguards to proprietary data.

and intellectual property that.the non- gov-

ernment partner brings into the agreement.
Such data and property are exempt from

Freedom of Information Act requests by
actual or potential competitors.” There is

also considerable flexibility and negotiating

room regardmg patents, ‘copyrights, licens-
ing, and disclosure of mformatron devel-
oped jolntly under the agreement

‘The objectlves of the USGS-industry part-‘
nerships are twofold—-to assess and’ delrrr- :
eate the potential for additional hydrothermal

systems in the Basin and Range Province and
to assist in the desrgn of reservorr-enhance-
ment strategies. The" potentral for reservoir

enhancement can be visualized in a qualrta-r

tive manner by consrdermg a spectrum of
reservorr rocks as |n F gure 3 o
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Technology (Sass, 1995)
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If reservoir enhancement strategies sim-
ilar to those pioneered by the petroleum
industry could be developed (for example,
targeted injection and hydrofracture), the
productivity of -existing - fields. might be

. increased significantly, and currently uneco-

nomic prospects could be brought on-line.

To -date, ‘one_joint. project has been
developed -with- Oxbow Geothermal
Corporation- at its Dixie Valley, Nevada,
power plant. The primary focus of the pro-
ject is the .investigation of stress, laterally
and with depth. In addition, industry has
provided considerable thermal data for the
Great Basin, and'the USGS is negotiating
for additional data.

Those interested in teaming up with
experienced Basin and Range geologists,
geophysicists, hydrologists, and heat-flow
specialists should -contact the Geothermal
Program Manager

: Manuel Nathenson
U S. Geologrcal Survey, Mail Stop 910
345 Middlefield Road
Menlo Park, CA 94025
Phone:(415) 329-5228
- Fax:(415) 329-5203 -

'~ _Internet:mnathnsn@mojave.wr.usgs.gov

DOE CANCELS SOLICITATION TO
CONSTRUCT FIRST COMMERCIAL
HDR FACILITY

In October 1995, DOE canceled its
December 1994 solrcrtatlon that sought
partnership W|th prlvate mdustry to con-
struct and operate a facrlrty producrng and



marketing energy from a hot dry rock (HDR)
resource. In conjunction with this decision,
the hot dry rock research project at Fenton
Hill, New Mexico, will be decommissioned.
“Rather than pursue a commercialization

goal,” the Division's Director Allan Jelacic

said, “the Department will refocus the
geothermal hot dry rock program to work
with industry and other interested parties to
resolve the key technical issues.” He added
that Los Alamos National Laboratory is
expected to play a continuing role in hot
dry rock technology development.

Based on the results of the most recent
flow testing at the Fenton Hill site, DOE first
issued a Notice of Program Interest (NOPI)
in 1993 to assess the potential for develop-
ing an industry-led project demonstrating
that HDR technology can produce energy at
competitive costs. This demonstration
would set the stage for fully-privatized
development of HDR projects by early in the
next century. Forty-one responses to the
NOPI were received from a wide variety of
organizations, with 29 expressing a definite
interest in participating in the project.

A follow-on solicitation was issued,
which offered DOE funding of up to 50 per-
cent of the total project installation cost, up
to a limit of $30 million and a further $1.5
million per year in verification funding dur-
ing the first three years of operation. When
DOE participation ended, the private opera-
tor would have been free to take full pos-
session of the project assets and to contin-
ue its operation indefinitely.

In order to facilitate DOE's revision of the
hot dry rock program, a panel of industry
experts met in December 1995 with mem-

bers of the geothermal community at-a
workshop ‘'sponsored by the Geothermal
Energy - Association in Santa.. Rosa,
California. They assessed the current status
of the HDR program and developed recom-
mendations which will be presented to DOE
representatives. A report of the proceedings
is anticipated in early 1996.

GEOTHERMAL ENERGY
INCLUDED IN NATIONAL
ENERGY MODELING SYSTEM

For the first time, U.S. energy policy-
makers have access to projected energy
futures based on a single, comprehensive
National Energy Modeling System (NEMS).
The NEMS is a computer-based policy anal-
ysis tool which projects energy supply,
demand, and prices based on assumptions

. about the state of the economy, energy

markets, resources, technology, and demo-
graphics. DynCorp of Alexandria, Virginia,
developed the Geothermal Electric
Submodule (GES) for the system.

in the past, U.S. energy policy makers
were limited to basing their decisions on
alternative energy futures constructed from
the outcomes of numerous models, each
representing different aspects of the energy
sector. These models were designed and
constructed by various parties at different
times and did not necessarily conform to
assumptions, constraints, and methodolo-
gies that would tie them together as a
coherent whole.., The U.S. Energy
Information Administration (EIA) developed
the NEMS to remedy this shortcoming.



.. .In the future, government policies
affecting the geothermal industry, both
dire'ctly'and‘indirec':t|y, will be based, in part,
on multiple scenario analyses using NEMS.
For this reason, it is important that the rep-

resentation ‘of . geothermal “energy within

the :NEMS 'is accurate .and complete in
order to facilitate rational decision-making
in policy formulation. The EIA, in 1993,
asked DynCorp to conceptualize the GES
within a ‘general framework outlined by
NEMS developers. DynCorp prepared a
component design report which laid the
foundation for the creation of the geother-
mal submodule. EIA subsequently contract-

ed with DynCorp to refine the design and

construct the model code during 1993 and
1994, Although full integration of the GES

within the NEMS was not possible in 1994,

output from a stand-alone PC version of the .
- GES was used as input to the NEMS to sup-
port ElA's preparation of the Annual Energy

Outlook 1995 (AEO). The AEO-95 analysis
projected U.S. geothermal electric capacity

- of about 4,500 megawatts by 2010.

DynCorp's effdrts during 1995 have
been focused on fully integrating the GES

into NEMS. Results of the revised model
will be published by EIA in the Annual.

Energy Outlook 1996 in early 1996. Copies
of the document can be obtained from:

The Energy Information Administration
1000 Independence Avenue, SW-
~ Washington, D.C. 20585






GEOTHERMAL CAN “SURVIVE AND
FLOURISH” SAYS CALPINE'S '
WALTER; NEED TO FOCUS ON
KEEPING INDUSTRY ALIVE THROUGH
TURBULENT PERIOD -

“| believe in geothermal. | believe it can

survive and flourish,” Ron A. Walter of
Calpine Corporation told the Geothermal

Program Review Xl audience in March

1995. He added,

“We need to focus our resources on
keeping the industry alive while we

go through this turbulent perlod .put ,'k
our limited private and publlc o

resources into weathering the storm
and bringing the industry throughtoa

future time when geothermal i is SO|ld- -

ly planted i in the country's mix.”

Walter defined the “storm” as a world of
deregulatlon, |ncreased competition in_
electric generatlon, ‘and low gas prices, as,
well as very limited federal R&D funds. He'
urged DOE's Geothermal Program tounder-
take only the hlghest lmpact pro;ects He
suggested that DOE focus its efforts, wnth'

industry support, on three elements

* extending the life of existing facnlmes '
~and assomated resources B

. dlrectly Iowermg the cost of geothermal
‘power o

. the nea‘rfterm.

'Walter focused on extendmg reserv0|r'
’ |rfe by suggestmg the importation and injec-

tion of water into fields where only a small

fraction of the heat has been consumed, but
water for heat transfer is limited, such as
The Geysers (See related article in FEDERAL
BEAT). He thanked DOE for its support of
the Lake County Wastewater Project, and
noted that Calpine is considering another
wastewater project with the City of Santa
Rosa which is five times the size of the Lake
County project.

In addition, he stressed that DOE can
make a difference in future productivity in
all reservoirs by finding ways to make injec-
tion more efficient and by adapting cost-
effective heat rejection techniques that
reduce the amount of water lost to evapo-
ration. The development of lower cost dry
cooling .and wet-dry cooling systems, he
added, can extend reservoir life and reduce
costs of power generation. Walter suggest-
ed that DOE's continued support of the fol-
lowing will further reduce the incremental
cost of power:

'_» . 'R‘SD_ to reduhce drilling costs

» effective corrosion control and
mitigation systems

. ;material testing and identifi cation

‘ Walter noted that the theme of Program
Revrew Xlil was “The ‘Role of Cost-Shared
R&D in the Development of Geothermal
Resources," and said,

”I belleve th|s method of fundlng to
_ be one of the most effective ways that
. DOE can help industry to improve its
.. product. Most of the projects I'm sup-
~-porting today...can be undertaken on
- a cost-shared basis, since the focus is
on near-term results.”

Mmoo <I-10CcO=Z2—



INDUSTRY URGES “SECOND LOOK
AT GEOTHERMAL RESERVOIR
TECHNOLOGY

In response to geothermal market con-
ditions created by continuing low natural

gas prices, Dick Benoit of Oxbow Power

Services told the Program Review XIII audi-
ence that

“This is a questionable time to-be -
spendlng any research dollars in‘
~ specifically dlscoverlng new reser- -

~ voirs for. which power sales agree-
ments are unavailable ..

our breath and take a look around
existing fields and start to clean up
some unfinished business.”

Benoit stated that the unfinished business
is to assess the value of the various tech-
niques in both locating reservoirs and defin--
ing the margins of known resources. He
noted that the latter is particularly important,.

since the bulk of drilling is within the known
reservoirs as makeup production wells are
drilled and injection strategies are fine tuned.

To minimize dry holes, “the game for the
next few years,” requires confidence that the

reservoir margins or the limits of permeabil-
ity can be reliably determined.

Benoit also stressed that the geothermal
industry is continuing to undergé consolida-
tion resulting in fewer geologic studies by
experienced geolog|sts Geologic studies
are, in Benoit's view, “one of the essential
components of the available exploration
tools.” Therefore, their validity and limits

. Instead, now.
may be the optimum time to. catch

must be double checked especially as, in his
words, “we are staking our future” in inter-
national exploration and development over:
the next several years. “International pro-
jects also-have dry hole risk,” he said, “and-

~ over time other technologies will force.

geothermal to reduce its foreign exploration
costs (dry holes) as is happening at home.”

DOE GRANT AWARD TO OFFSET
COSTS OF NEW BINARY PLANT

' An $800,000 grant to offset power plant
and transmission line costs was awarded to
Earth Power Resources, Inc., in support of a
5 MWe geothermal binary plant at Lee Hot
Spring in Nevada. The model plant has a
power sales contract in place, as required
by DOE in its solicitation for cost-sharing
under DOE's Energy Partnerships for a
Strong Economy program. The plant's ini-
tial output will be transmitted 18 miles
north to the Sierra Pacific Power Company
Fallon Substation. The 69 kV transmission
line will be constructed as part of the DOE-
supported pro;ect A plant expansion of 15
MWe is planned, and may require rerouting
of the northernmost 12 miles of the line to
Sierra's Fort Churchill facility.

_-Two (or three) shallow geothermal pro-
duction wells pumping approximately
1,875 gallons per minute of 138°C (280°F)
fluid will be required for the first, and each
succeeding 5 MWe unit. Based on previ-
ously drilled wells at Lee Hot Spring, nei-
ther the production wells - nor the injection
wells should exceed 2,500 feet. The injec-
tion wells will be located several thousand
feet from the producing wells.



The plant will employ genericr'_binary
power technology with overall process flow
and engineering services provided by Earth
Power. The company will adapt or use tech-
nological improvements such as a new, less
expensive downhole pump. Five 1 MWe out-
put turbine generators will be used, rather
than a single 5 MWe turblne expander

The objectlves 'of the DOE solucntat’ion
under the Geothermal Energy Partnershlp
program are to: :

« promote the commercialization of
~ geothermal energy for the productlon
of electrical power

« reduce the emission of greenhouse
gases in the U.S. by offsetting the use v

of fossﬂ fuels

The accernphslirhent of these objec-
tives will create |obs and better position the
nation's geothermal mdustry to compete

and win in the global marketplace.

CALPINE CORPORATION REPORTS -

RECORD EARNINGS FOR 1994;
RAINFALL AFFECTS BOTTOM LINE

~On Apnl 10, 1995, Calpine Corporatlon,
the San Jose-based independent power
producer, reported record earnings for
1994. Net income for 1994 was up 60-per-
cent, to $6 million, compared with $3.8 mil-
lion in 1993. Revenue in 1994 was $94.8
million, an increase of 36 percent over 1993
revenue of $69.9: million. Calpine's" 1994
earnings reflected’ the success “ of the
geothermal ‘and -gas-fired facilities in per-

forming at peak efficiency, averaging 99

percent availability, and from a favorable

year for geothermal power in California,
where low rainfali limited the productlon of
hydroelectnc power.

An abundance of low-cost hydropower

“in the first quarter of 1995, due to heavy
~ rainfall, led PG&E to curtail its steam pur-

chases from Calpine at The Geysers How-
ever, ‘the company reported quarterly rev-
enue of $22 million, up some $2 million
over the first quarter of 1994. The increase
was attributed primarily to income from
Thermal Power Company (TPC), which
Calpine acquired in September 1994. TPC
owns a 25 percent interest in 550 MWe in
The Geysers steam field. Net income for the
quarter was $59,000, compared with

~$858,000 in 1994, reflecting expected cur-

tanlment in the company's geothermal oper-
aﬂons

‘Source GRC Bulletins 5/95 and 6/95

GEOTHERMAL COMPANY ,
'PRESIDENT WINS AN ENERGY
'PIONEER AWARD

. On May 4, Dr. Tsvi Meidav, President of
Trans-Pacific Geothermal Corporation of
Oakland, California, received an Energy
Pioneer Award from DOE:for his outstand-

_ing work in the development of geothermal

energy. Under Dr. Meidav's direction, Trans-
Pacific has developed geothermal energy
projects for power generation in Dixie
Valley, Nevada, and WendeI-Amedee,’
California, and has a contract. with the
Bonneville Power Admmlstratlen for power

“generation in the Pacific Northwest. In addi-
tion, Trans-Pacific is developing a geother—

mal energy project in Nicaragua. Dr. Meidav
served ‘as President of the National
Geothermal Association in 1993.



GEA OPENS WASHINGTON
OUTREACH OFFICE '

The Geothermal Energy Association
(GEA) has established a new. office-in
Washington, DC to better assist its mem-

bers in addressing issues affecting the busi-

ness environment in which it operates.
Located just a few blocks from the U.S.

Capitol, the GEA is housed with the US.

Export Council for Renewable Energy -and
several of its other member associations,
including the American Wind  Energy
Association, the National Hydropower
Association, and - the Solar Energy
Industries Association. From this office, the
GEA conducts activities which focus on:

* strengthening the domestic market
* providing education and outreach

o facilitating the export of U.S. geother- -
mal and related goods and services -

* interacting with federal and state gov-
ernment offices, lending institutions,
environmenta! and advocacy groups.

A separate organization directed by the
GEA Board, the Geothermal Resources
Association, was created to solicit and
receive contributions from companies-and
individuals for lobbying activities autho-
rized by the GEA.

The domestic market program supports
activities vital to the existence and future of
geothermal power production in the U.S.
These include:

« preserving the provisions of PURPA
‘that stimulate the development of
‘renewable energy sources

¢ policies that will enable geothermal
B ’,energy to remain a viable option as the
electric utility industry restructures

* tax reform
' ‘royalty issues
* export Iegislaﬁon.

“To increase awareness of the benefits and
potential of geothermal energy, the education
and outreach program is developing written
and audio-visual materials. These will be dis-
tributed to a variety of audiences including
utility executives, federal and state govern-
ment representatives, environmental groups,
and the general public. Seminars and work-
shops are also conducted as part of this effort.

The export program compiles and dis-
tributes information on foreign geothermal
resources, prospects, and projects to facili-
tate the U.S.-industry's participation in the
rapidly expanding export market. Other
aspects of the export program include: -

¢ tracking and assessing legal, financial,
and political situations abroad that may.
~ affect geothermal development

* defining eXpoft barriers

-vﬂ,;brovidi‘ng guidance to GEA memﬁer,'

::companies seeking project funding
from domestic and foreign government
‘agencies, multilateral banks, and vari-

- ous other lending institutions.



The office is currently staffed by Perle
Dorr, Director, Outreach and Ann McKinney,
Director, Export Programs. It is located at:

122 C Street, N.W., Suite 400
Washington, D.C. 20001
Phone: (202) 383-2676 .

Fax: (202) 383-2678

CYCLING OF UNITS AT THE o
GEYSERS PROVIDES FLEXIBILITY IN -
OPERATIONS; REDUCES STEAM
DECLINE RATES

The Geysers Power Plant of PG&E has
operated as a baseload resource except for
infrequent, relatively short periods of load-
ing curtailments during its 30-year history.
However, in August 1994, PG&E and its
largest steam supplier, Unocal-Thermal,
executed new steam sales agreements
which permit PG&E to cycle (vary) genera-
tion. Steam field operators view cycling as
‘a means of reducing overall average steam
flow production and generation output,
which should result in lower rates of steam
pressure decline. Since generators cycle
other resources to meet customer electric
demand, they see this practice as a means
of providing more flexibility in geothermal

operations. In fact, the Northern California -

Power Agency began cycling its Geysers
units in 1988 and has reported that:

The well decline rates, and the decline -
of total steam field potential, have
been reduced in severity and actually
temporarily reversed in trend when
reductions have been made ... in the
amount of power being generated.

PGE&E has curtailed its geothermal units
approximately 2,500 times since the new
sales agreement was signed, deferring
over two million MWh:of electrical produc-
tion when customer demands (e.g., mini-
mum system conditions) did not require as
much generation as The Geysers was
capable of producing—such as early
morning hours from 1:00 to 5:00 a.m.—or
when power could be purchased cheaper
elsewhere.

Cycling generally occurs on a daily
basis or during a weekend (when commer-
cial and some industrial load demand is
reduced compared to daily demands), but
can occur during weekdays as well. PG&E
has shut down as many as eight of its
twelve Unocal-Thermal supplied units for
up to five months at a time.

There are several benefits of cycling
operations. From a utility standpoint,
cycling helps keep customer utility bills
lower by allowing the utility to defer
geotherma!l generation when lower cost
power is available. Cycling should also
extend the life of geothermal resources
since steam not used to generate electricity
is left in the reservoir to be used in the
future. A third benefit is a short term
increase “puff” in generation after the cur-
tailed phase of the cycle. The amount of

- “pufi” varies depending on the size and

duration of the curtailment preceding it and
on the characteristics of the steam reser-
voir, but in some cases can exceed 10 per-
cent of the prior base generation level.

" ‘The problems associated with cycling
operations include: ' ‘



- decreased revenues to geothermal
-developers and generators

thermal cycling of steam well bores

water collectidn in steam gathering
systems '

water carryover to separators and
turbines ‘

¢ possibly, an increase in noncondensi-
ble gases when generation is increased
following a period of curtailment or
restrained operation.

PG&E and Unocal are working to deter-
mine what changes in operating procedures
and practices and what physical changes to
equipment are needed at The Geysers to
mitigate or eliminate these problems.

Source: Persona! cofnmunication, Dean Cooley, Senior
Engineer, PGEE Geysers Power Plant. -



RESULTS OF SUCCESSFUL MODEL
BIPHASE TURBINE TESTTOBE =
VALIDATED IN FULL-SIZE =~
DEMONSTRATION; OTHER ENERGY
CONVERSION TESTS UNDERWAY

A test of a model rotary separator tur-

bine—the Biphase turbine—on a low-pres-

sure geothermal well indicated a turbine.

efficiency range from about 10 percent at
the lowest enthalpy to 46 percent for the
highest enthalpy (dry, saturated steam)
The turbine effi clency is defined as gross

shaft power divided by enthalpy dlﬁ’erence“

from |nlet to exrt

The turbine, invented i in 1975 generates
power from mrxtures of steam and brine, and
internally pressurizes the separated brrne

After developmental testmg, a fuIl-snze unit
was installed and demonstrated with the full
ﬂow froma geothermal weII at Roosevelt Hot’

TURBINE

GEOTHERMAL
“WELL

Springs, Utah. A schematic of a full-size sys-
tem is shown in Figure 4. The unit generat-
ed 1600 kWe and demonstrated a 20 percent
increase in power output above a single flash
turbine. As a result of this 4,000 hour demon-
stratlon, the Electric Power Research Institute
deemed the Biphase turbine to be a viable
commercial technology Subsequently, an
advanced Biphase turbine has been devel-
oped to overcome two limitations in the orig-
inal technology. This advanced equipment
reduced the number of rotors from three to
one to reduce costs, and steam blading was
incorporated to permit conversion of the
kinetic energy of the separated steam.

' DOE, the CEC, and Douglas Energy
Company (the developer), are cost-sharing
a program to demonstrate the commercial-
ization of the advanced Biphase turbine.
The test site for the sub-scale model was
preVided by the California Energy Company
at Coso Hot Springs, California, and the

- installation site for the full-size demonstra-

e

CENTRAL STEAM
TURBINE PLANT

) FIGURE 1 SCHEMA_TIC OF BIPHASE RETROFIT APPLICATION -

NOTE: NOT FLOWING VINEN BIPHASE TURBINE OPENATING” s

' Figure 4. Arrangement of Biphase Wellhead Power Plant

“ZmMmSLUOr-mCm <{H0rO0Z2XT0Om-=|



tion is Cerro Prieto, Mexico, where the
Comision Federal de Electricidad is provid-
ing a well which supplies steam to a 180
MWe power plant.

The well used at Coso had been inactive
for a period of time and was very. unstable
when activated for the test. The wide fluctu-
ations in flowrate, steam fraction, and pres-
sure produced a wide range of operating
conditions, virtually all of which were off-
design for the turbine. However, analysis of
the off-design performance agreed fairly
closely with the predicted results. The most
significant result of the sub-scale demon-
. stration was the validation of a steam blad-
ing performance model which will be used
to design the full size Biphase turbine.

The full-sized turbine is designed for
operation in a wide range of geothermal
well conditions. Variations in pressure,
steam quality, and flowrate are accommo-
dated by changing simple nozzle inserts. It
is predicted that the Biphase system, as
designed for the wellhead conditions of the
demonstration site, will generate 4,150 kWe
from the two-phase flow, increasing the
power produced from the selected well by
45 percent with no additional well flow.

In other conversion-related R&D, test
results to date indicate that a thermally con-
ductive polymer concrete lining for binary
system heat exchanger tubes, under devel-
opment by the Brookhaven National
Laboratory, performs as well as high-alloy
stainless steel and costs much less.
Eventually, this material could permit the
use of a binary bottoming cycle which
would increase energy extraction from high
saline brines. Tests of the lined tubes have

been conducted at a Magma Power Co.
plant. The lining material is also being eval-
uated at The Geysers for use in conjunction
with caustic injection systems.

NREL ESTABLISHING GEOTHERMAL
CONVERSION FACILITY

The Geothermal Program at the
National Renewable Energy Laboratory
(NREL) in Golden, Colorado, is establishing
a Geothermal Energy Conversion (GEC)
Facility. The objective of the new facility is
to develop a strong in-house technical
capability in geothermal energy conversion
technology where innovative ideas can be
tested, evaluated, and demonstrated on a
small scale. It will provide an opportunity
for the geothermal industry to experiment
and evaluate ideas that have sound theo-
retical basis but require proof of concept.
Conducting such tests in existing geother-
mal power plants is usually expensive and
difficult because they are an additional bur-
den on the plant's technical staff and might
result in occasional interruption or power
capacity reduction. The GEC facility will
also serve as a location for testing funda-
mental thermodynamics and heat transfer
problems that may result in development of
new, more efficient cycles. Examples of the
latter potential are metastable expansion,
or binary cycles with various working fluids.

The Next Generation Power Plant study,
recently conducted by NREL, showed that
mixed-hydrocarbon working fluid binary
systems are one of the best systems with
low levelized cost of electricity production
which can be applied to low-temperature



geothermai resources. However, more

information -about working fluid choice is
needed to permit more rapid commercial-

ization of the concept. In addition, since
water conservation is a major env:ronmen-
tal issue “in most geothermal .areas,
advanced heat rejection systems need to
be developed and tested to improve the
performance of binary cycles based on
their location and specific needs, eSpeciaIIy
for cycles using working ﬂu1ds W|th two or
more components.

NREL is lnauguratmg the GEC Facility by
conducting experiments on dry and
wet/dry  cooling systems. and on
boiling/condensation of mixed hydrocar-

bons. These special experiments will identi-

fy considerations that might be required for
heat rejection systems, and the penalties
associated with fractional condensation of
the mixed working fluids.

All dry cooling systems will be testead,'
followed by wet heat rejection systems
using surface condensers with working fluid

on the shell side and water in the tube.

These tests will complement the dry cooling
test results and provide a background for a
set of experiments on staged wet/dry sys-
tems. These systems will be set up in series,
enabhng careful -examination of the. split

between the wet and dry portions, Various

staged systems will be tested to identify the
most efficient system for. .condensing the

mixed hydrocarbon workmg fluid. Strategies .

such as addition or removal of high volatile
working fluid to or from the heat rejection
system will be considered. - ' ‘g

" NREL will also carry out tests to charac-

terize different boiling domains and the
attendant heat transfer mechanisms for con-

vective boiling in a horizontal tube. The
efﬁects of fluid composition, flow rate and
boiling surface on the boiling incipience,
heat transfer coefficient, and the critical heat
flux will be investigated. The data obtained
for a number of binary mixtures will be used
to test the validity of the models and corre-
lations in the existing literature so that plant
designers can optimize - heat transfer and
avoid dryout conditions. All tasks are sched-
uled to be completed by September, 1997.

~Initial support for operation of the GEC
Facility will be provided by DOE, although
NREL is seeking to attract industry partici-
pation and collaboration by publicizing the
facility's capabilities and by directly contact-
ing the U.S. geothermal industry.

COMMERCIAL DEMONSTRATION OF
SUPERSATURATED TURBINE
EXPANSIONS UNDERWAY

~ Studies at the Idaho National
Engineering Laboratory (INEL) have indicat-
ed that the performance of binary geother-
mal power cycles could be improved by uti-
lizing metastable, supersaturated turbine
expansions. One study indicates that an
optimized cyc!e for a 173°C (350°F) brine
would have a nine percent increase in the
brine effectiveness (power produced per
pound - of fiuid), if these expansions are
allowed. However, -industry ‘has avoided
these operating conditions because of the
possnble presence of condensate which
might adversely offset performance or dam-
age turbine internals. INEL studies and short-
term testing suggested that the condensate
might not form, and that if it did, the droplets
would be too small to create problems.



Further tests are underway at Mammoth
Pacific's Unit 100 (MPI) plant in the Mono-
Long Valley of California to determine the
commercial feasibility of extended operation
with metastable turbine expansions. Results
from Phase | of these tests indicate that it is

feasible to operate the turbine at Unit 100 for
an extended period with inlet conditions that-

will produce the desired degree of supersat-

uration: during . the expansion process. By.

monitoring the performance of the turbine

over extended ‘testing periods and examin--
ing the turbine internals at the conclusion of

testing, the long-term effects of these expan-
sions can be determined.

" The rotor-and nozzle set in the MPI Unit

' 100 turblne was replaced with new parts of
the same deS|gn as those previously used.
Prior to the installation of the new parts,
their critical dimensions were measured
and recorded, and the pre-operation condi-
tion of the surfaces that will be exposed to

the expanding vapor was documented with-

photographs.

. Next, the turbine was brought to typical
inlet conditions—nominally 400 psia and

123°C (253°F)}—and operated until it was

determined that its operation was “normal.”
Performance at this point provides the refer-
ence baseline point for future data collection
at 12-hour intervals. The operating condition
for the extended test will be established at
the h|ghest turbine inlet pressure that does
not produce a degradation in turbine effi-
ciency by more than five percentage points
from the effi iciency -at the baseline .condi-
tion—i.e., a drop in efficiency from 80 per-
cent to 75 percent. At the conclusion of the
test, or in the event that the operation is pre-
maturely termlnated because of a degrada-

tion in performanee, the turbine rotor and
nozzle set will be examined and the post-test
condition of each component recorded.

During the off-peak winter period, gener-
ation at the other plants can be increased to
make up for any reduction in performance at
Unit 100. At the start of the next peak peri-

od—summer 1996—Mammoth and INEL
will decide, based on Unit 100 performance,
whether to continue in the metastable
expansion mode. Results of the extended
testing will be reported to the geothermal
industry at forums like the annual meeting of
the Geothermal Resources Council.

LOW-TEMPERATURE FLASH STEAM
GEOTHERMAL POWER PLANT TO BE
DEMONSTRATED

High cost, equipment-intensive binary
plants are currently required to produce
power with low-temperature geothermal
fluids. However, a DOE-supported project is
designed to demonstrate that, with a new
steam turbine design, a low-temperature
flash steam plant can produce lower cost
power than a binary plant. '

A flash steam plant will be constructed
to produce a nominal 4,690 kW of electrical
power from 110°C (230°F) fluid that is cur-
rently discharged from the Dixie Valley,
Nevada, 50 MWe plant of Oxbow
Geothermal Corporation. If the project is
successful, it may lead to a market for
domestic and international geothermal
power plants used in bottoming applica-
tions or with low-temperature resources. In
addition, it may increase the portion of U.S.



resources at temperatures lower than has
been traditionally ' considered- for _ flash
steam technology that can be developed
economically. The installed cost of the pro-
posed flash plant will be less than $1,100

per kWe, compared to an installed binary

cost greater than $1,760 per kWe. It is also

expected that thewflash plant operating and

maintenance costs Will be lower.

While the flash pla»r'nt' maintains a ,cost;
advantage for the heat addition and heat

rejection systems, there are currently no

steam turbines on the market that can handle

the steam flow rate for a low-temperature
flash plant. Existing low-pressure turbines
are designed for higher pressures than typl-
cal of low-temperature resources. They can

be modified to handle lower inlet pressures

by removing the higher pressure stages.

However, this approach increases the cost of

the turbine (on a $1 per kWe basis), and the
resulting cost of power is not competitive.

Therefore, the critical component of the:
demonstration ‘project is a low-cost, low-
pressure steam turbine (see Figure 5). It will

Figure 5; Low Pressure Steam TurBihe .

\__w'»exmm cd.g.mm ‘ { : ;

- be designed. and supphed by ‘Barber-
Nichols, Inc., which has considerable expe-
rience in develppmg turbmes for a wide
range of applications. .

PROCESS FOR PRODUCING A -
REVENUE - GENERATING FEEDSTOCK
TO OFFSET OPERATING COSTS IS
PRIMARY TASK IN :
CONTINUING GEOTHERMAL WASTE
TREATMENT R&D '

Development of cost-efficient biochem-
ical processes for the treatment of geother-
mal brines and sludges has led to the iden-
tification of several options which may
allow the conversion of geothermal wastes
into useful products, while reducing waste
volume. Interphasing metal and metal salts
recovery options with the initial waste
detoxification process may generate rev-
enues that can offset the cost- of the initial
investment in the process.

~The Advanced Biochemical Processes
for Geothermal Brines program at Brook-
haven National Laboratory (BNL) has deter-

‘mined that the most efficient pnmary pro-

cess utilizes two biocatalysts. The produc-
tion and rate of recovery of these biocata-
lysts “influences the size and number of
bioreactors needed for operation. The fact
that the rate of Biocatalyst 1 production is
fast, and that of Biocatalyst 2 is slow, influ-

_ences the cost of production; further,

whether a 50:50 or 85:15 mix of the two is
used sngmﬁcantly influences the economics
of ‘the process. However, three additional
factors have to be’ ;aken into consideration:

1) recycling of the biocatalysts; 2) recovery



‘Table 3. Cost Comparison for Different
Biocatalyst Mixes and Corresponding
“~ Total Bioprocess Costs -
per Metric Ton of Sludge

*B8C1:BC2 B8C1:8C2 BC1:BC2
. 50:50 85:15 . 85:15
C o 1{3 recycles)
‘250 gaVh:- |425gath: - | -~ 106.25
250 gal/h 75 gal/h .. galh:
-} 18.75 gat/h
BC1 A
Capital Cost (CGR) . . . . 1,838,000 2,556,000 1,196,000
Annuat Treatment Fee 1,097,000 1,778,000 820,000
Unit Treatment Fee 145 138.- .. ..258
($/metric ton) o T L
Capita! Cost (CGR) 7,017,000 2,573,000 1,002,000
. Annual Treatment Fee 3,683,000 1,687,000 736,000
Unit Treatment Fee 486 743 1,298
{$/metric ton)
8C1+ BC2 . )
Capital Cost (CGR) 8,855,000 6,129,000 2,199,000
Annual Treatment Fee 4,449,000 3,466,000 1,556,000 -
Unit Treatment Fee =~ 316 229 411
- {$/metric ton)
Total Bioprocess Costs Including Biocatalyst Production
Capital Cost {CGR) 10,195,000 6,493,000 3,415,000
Annual Treatment Fee 5,882,000 4,578,000 2,614,000
Unit Treatment Fee 316 246 140
{$/metric ton sludge)
*B8C = Biocatatyst

of valuable metals; and 3) recovery of salts
such as sodium chloride and potassium
chloride. Significant savings are possible
when using different biocatalyst mixes and
recycling, as evident in Table 3.

The combination of the biocatalyst mixes

and a potash recovery option shows the net
monetary gain that may be accomplished by

combined processing (see Table 4).

While the recovery process is being fdre

ther optimized, the current cost estimates,
based on an estimated 80 percent metal
removal, are calculated as follows:

Table 4. Total Biochemical Process Cost
Estimates Including Potash Plant Option
' for a 50 MWe Power Plant

 BCL:BC2 | NetGainin $millions/year
50:50 1.83
85:15 274
85:15 5.51
3 recycles

» BNL costs of $500/ton of wastes pro-
cessed

. non-regulated waste disposal cost of
about $100/ton

» sludge containing sodium in addition
to chromium and lead

¢ shipment at a cost of $400/cubic foot.

On the other hand, removal of the metals
to isolate radium produces waste with dis-
posal cost of $76/cubic foot, or $10,800 and
$2,052 per ton, respectively. These costs
represent a fivefold savings already achiev-
able at the current scale of operations.

BNL has concluded that full recycling
options for materials generated by biochem-
ical processing are feasible and should be
fully explored. Through a CRADA, BNL and
CET Environmental Services, Inc. are making
arrangements for placement of a field trial
unit of the biochemical process at a PG&E
power plant at The Geysers. The new tech-
nology will be applied as a waste reduction
strategy for sulfur slurries produced by the
treatment of hydrogen sulfide emissions on
one of The Geysers plants. The unit has been
selected, with groundbreaking expected in
the spring of 1996.



RECENT DEVELOPMENTSIN ... ... -~
FLUID CHEMISTRY AND
PHENOMENOLOGICAL EQUATIONS
INCORPORATED IN GEOTHERMAL
BRINE CHEMISTRY MODELS

" The Chemlstry Department at the Unl-‘

versnty of Callforma at San Dlego |s contln-
uing its program under an ongomg contract
with DOE’ to improve the. productuvuty of
geothermal resources by developlng mod-
eling tools for predlctlng and mltlgatlng

assocuated chemical problems For this pur- -

pose, they have mcorporated recent devel-
opments in their computer models For
example, ‘the updated models accurately
predict the measured ‘chemical behavior of
brines (e.g., scale formation), the solublllty

and llqmd-vapor coexistence of gases, and'

other thermodynamlc properties (e.g., heat

content) by using recent developments in.

chemlstry of fluids and gases, especnally
parametenzatlon In"addition, gas modelmg
utilizes recently developed phenomenolog-

ical equations whlch can utilize PVT proper- '

ties in both the llqurd and gas phases, lig-
uid-vapor coexistence, and other useful
thermodynamlc functlons '

Recent results of the research mclude a
ﬁnal model of the H20 C02 NaCl system

that can predlct propertles suchas the PVTX.

behavior, gas phase’ solublllty, and multlple

phase equilibria for the solid, llqwd ‘and gas -
phases. This equation of state (EOS) is pos-'

sibly’ the first EOS that can predlct phase
equrllbna and volumetrlc propertles in a sys-
tem containing ‘salt, llqwd and gas. Another
product of this research is a model for pre-
dlctmg HZS solubllmes |n NaCI bearlng

o.03f
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Flgure 6. The Solublllty of HyS in HyO
RIS As a Function of Pressure

aqueous solutlons at hlgher pressures than
previously published HoS solubility models
(Figure 6). Current activities include: testing
of a seawater model, which includes param-
eterization to high temperatures and very
high ionic strength; .and initiation of a com-
bination of the variable temperature seawa-
ter.and carbonate model.

“The models are compared to laboratory
and field data for validation. Therefore, they
provide an effective means of summarizing,
comparing, and validating the geothermal
chemical data presently available. They are
included in user-friendly ‘application pack-
ages called TEQUIL, GEOFLUID, and GEO-
HEAT (under development) which can be
copied from diskettes to personal comput-
ers. User oriented graphical interfaces are
developed and updated to facilitate the use
of the software. o



Periodic workshops are given about
these programs and instruction manuals

are updated as new technology is ready for -

application. Anyone interested in attending
a workshop or presenting ideas for model
improvement should contact:

Chemistry Department (0340)
University of California at San Diego
La Jolla, California, 92093

BEOWAWE TRACER TESTS CONFIRM -
EXCELLENT COMMUNICATION =
BETWEEN INJECTION AND PRODUC-
TION WELLS

To assess the effects of recent changes
in the injection strategy at the Beowawe
geothermal field in north-central Nevada
(Figure 7), a DOE-funded interwell tracer
test using fluorescein and tinopal CBS was
initiated in 1994. Fluorescein return curves
(Figure 8) established injection-production
flow patterns and verified that produced
water is being injected into a region of the
reservoir that is in excellent communication

previous injection welf
Batz 1

current injection well
85-18 -

production -~ ~ \I!
wells observation well

Vulcan 2
? 7,,\062.".. 213

Ginn 1-13

Figure 7. Location Map of the Beowawe -
Geothermal System

with the productlon wells. A tracer return of
38 percent was calculated.

Plots of fluorescein vs. time are as fol-
lows for each of the three productlon wells
monitored:

¢ The maximum concentration in the first
well in which the dyes were observed
was detected only 17 days after tracer
injection. In contrast, peak concentra-

. tion in the other two wells were detect-
ed at 30 days and 35 days, respective-
ly, indicating a much shorter and/or
direct path between the injection well
and the first production well than that
between the injection well and the
‘other two producers.

* By contrast, the curve shows that
tinopal CBS was detected at only the
first well, and only a 1.6 percent return
of the tinopal CBS was calculated. This
result, and the fact that the compound
had been shown to be resistant to ther-
mal decomposition under laboratory
conditions, led to the conclusion that
tinopal CBS was absorbed on the
reservoir rock. Absorption would also
serve to explain the fact that tinopal
CBS was not detected at the two more

_distant wells—the path to which would
expose the compound to greater rock
surface area and, consequently, a '
greater opportunity for absorption.

¢ When the results of the 1994 test were
compared with one conducted in 1990,
~ the effects of the use of distinctly differ-
ent injection strategies were revealed. In

1990, an injection well was used that

had been shown through interference
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Figure 8 Beowawe Tracer Test 1994

o testlng to be unconnected to the maln
reservoir, providing a rare opportunlty
to inject produced reservoir water with-
out the risk of prematurely cooling the -

reservoir. However, the return curves -

- were broad and flat, with only 8 percent
of the tracer being returried. By con-
trast, in the 1994 test, an injection well
- that had been shown by interference .
i testlng to be strongly connected to. the
main reservoir was used, ‘and the return:
curves revealed strong conductivity

between the in ector and the roducers. o ) . . . .
’ p k = ... introducing these projects, J.L. Bill Smith of

~ the Northern California Power Agency, said:

An analysrs of the cumulatlve tracer

return curve was used to estimate the over- .

‘all {fractures and matrix) Beowawe reser-
voir volume at 2.4 b||l|on gallons Recently,’v; _

a significant increase in reservoir pressure
was observed, in contrast to the pressure

decline which occurred after the addition of
a third productron well in 1991, Details of
the test are described in a paper jomtly pre- -
sented at Geothermal Program Revrew X

by representatlves of the Earth Sciences
and Resources Institute (ESRI), University
of Utah, and Oxbow Power Services, Inc.

COST-SHARED R&D CONTINUES AT
THE GEYSERS

. The prellmlnary results of four cost-
sharmg pro;ects at The Geysers were
reported to Geothermal Program Review
Xill in San Francisco in March 1995. When

“One might reasonably ask after 35 years of

~~.continuous productlon and expanded oper-
" ations, what more remains as a necessrty
: ;for research " He sald '

... "It is the.very fact of The 'Geys'erS'

long history of use which has resulted

- in an evolving sequence of changing

_reservoir conditions that creates the
contmumg need for our further



research efforts. Only by identifying
and implementing the changing field
operation and reservoir management
techniques needed, to appropriately
respond to these reservoir condition
changes, can industry expect to
increase generation, and thereby also
prolong the field's useful life.”

The DOE geothermal R&D program has
supported these goals with cost-shared
research since 1990, and the projects cur-
rently in progress were selected for priority
action by Working Groups convened by
DOE's Geothermal Division and a consor-
tium of geothermal companies in late 1992.
Three of the four 1994 projects are current-
ly active. Their funding sources, and indus-
try partners are listed in Table 5.

The fourth cost-sharing program is the
highly successful microearthquake (MEQ)
monitoring studies in the S.E. Geysers field.
It has been temporarily suspended, but it will
be resumed when the S.E. Geysers Pipeline
is completed to monitor the performance of
the injection project. The MEQ array will be
started up before the injection well begins

using Clear Lake water. The MEQ array is
also used during the injection to determine
where the injected fluid is going.

Geysers Coring Paibiect 3

The Working Groups, each consisting of
six to twelve members representing both
government-funded research institutions
and industry, agreed that more detailed
information was required concerning reser-
voir porosity, permeability, and fluid satura-
tion in order to better understand the reser-
voir-pressure declines at The Geysers, to
maximize injection strategies, and to
improve forecasts of long-term reservoir
behavior. The Groups further concluded
that much of this information could only be
obtained from a more significant length of
core than had been retrieved from the
field—none more than 26 feet with an
aggregate length of 260 feet, all air drilled.

The coring operation took place in the
northwest-central Geysers (Figure 9). The
drilling phase of the project was completed
by Tonto Drilling Services. It used a Universal
5000 coring rig equipped with a triple-tube

Table 5. Geysers Projects Cost-Shared by DOE and Industry

FUNDING SOURCES
PROJECT DOE INDUSTRY INDUSTRY PARTNERS
Geysers Coring, Core $595,000 $320000 | Unocal, (Calpine)
Preservation
Unit 18 Injection Test (3 years) $588,000 $1,069,500 Unocal, PG&E, NCPA,
Calpine

Isotope Geochemistry $15,000 $15,000 CCPA, PG&E, NCPA,

’ Calpine
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wireline coring and core-retrleval system
This system permitted recovery of texturally

delicate core features which might otherwise” :
have been obliterated. The system also
allowed for collection of representative suites

of sealed samples, including two retrieved -

and frozen under pressurized conditions, in -
support of detailed core studies being-con- - -
ducted by the prolect‘s 28 collaboratmg geo-

_ scientists. The pro;ect has demonstrated that
w:rellne coring in vapor—dommated systems

-~ like . The Geysers can be a- very effectlve
: exploratlon -and research tool

“The inmal desugn for The Geysers corehole;

called for commencing coring operations at

Baseline - geologic -studies -of the

“retrieved core have already furnished new

insight into the nature and- evaluatlon of

. The Geysers' upper steam reservoir and its
~ “caprock. These studies should be essential-

‘ly complete, with results distributed to the

 project investigators by the end of 1995,

presented subsequently}—‘a‘t one or more
special symposia,‘ and ultimately published

" ‘as collected papers in a special issue of an
‘appropnate technlcal journal '

the bottom of production well SB-15. Adverse f ,

- drilling condmons forced a major modrf cation .
of this p!an, and a new sndetrack was initiated .+

“and utllnzed for coring (Figure 10).

The core is “stored at the ESRI ﬁ
Geothermal Sample Library in Salt Lake City -
where it can be sampled judiciously in sup--

port of legitimate research projects. Those:

-wishing to study the samples should COH-‘]

- tact ESRI at (801) 584—4422
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Unit 18 lnject:on Test

Unocal PG&E NCPA and Calpme have
initiated a three-year ‘cooperative - injection
project with DOE. While 1989 tests of steam
condensate injection into productive intervals

of NCPA well C-11-and Calpine well 956A-1-

(Figure 11) caused an adjacent area to experi-
ence both steam production and reservoir
- pressure increases. Further definition of reser-

voir characteristics contributing - to this posi- -
tive response is desirable to help reduce the

risk and expense of future injection pro;ects
Thus, the goals of the Unit 18 Cooperative
Project are to monitor and define reservoir

response to steam production interval water -
injection, and develop vapor phase tracers for-

,a'pplication_ in geothermal reservoirs. =

R

" Injection “into"Unocal's DV-11 well at
rates of 400 to ‘880 gpm have resulted in
steam production ‘increases’ primarily on

- the Unocal and NCPA leases. Calpine wells

showed a combined 10 kph decrease ‘in

‘steam production, but this was attributed to

production interference and water injection
of nearby Calpine wells.: Later tracer data
indicated a minimal influence of DV-11 water
injection on ‘the Calpine wells. Considering
the Unocal and NCPA gains in steam pro-
duction, 81 kph and 42 kph respectively, 40.7
percent of the injectate is being recovered.

Responses in the'-st'eam geochemistry
suggest a range of processes from total
flashing of injected condensate to elimina-
tion of production interference as a result of
the injection.

UNIT
13
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Calpine
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F|gure 1. Umt 18 Cooperatlve Injectlon Prolect Study Area, Showing Momtored N-N-T,

Calpine, and NCPA Wells. (Base map provided by NCPA)



. SF6, R-13, and tritium were used to
compare the behavior of multiple tracers in
a geothermal environment. The tracer
returns produced by the DV-11 test dis-
played a broad range of concentrations,
confirming geochemical response by imply-
ing that immediate flashing of condensate
was occurring and that wells were being
supplied by this source. Results from the
tracer test continue to be analyzed in an
effort to correlate increased steam produc-
tivity, changes in' gas chemistry, and the
responses of the different tracers.

Isotope Geochemistry

A survey of the noble gases in the N.W,
Geysers geothermal field was recently
completed by Lawrence Berkley Lab-
oratories (LBL) in consuitation with A.H.
Truesdell, formerly of the USGS. While this
vapor dominated reservoir is known to
have a wide range of gas concentration in
steam (~100 to >75,000 ppmw), the uncer-
tainty as to origin, persistence, and influ-
ence of the high gas component in the
high-temperature reservoir (HTR) have
made exploitation difficult. Thus, the wells
surveyed were selected to insure a wide
range in total gas and HCI content.

Vapor dominated reservoirs are thought
to form from the boiling down of a hot water
reservoir due to increasing heat or decreas-
ing recharge. Steam from deep boiling fluid
- (brine) flows upward, in large fractures, to
the reservoir top where it condenses and
drains downward through small fractures
and rock matrix establishing large scale fluid
convection. (See paper entitled Noble Gas
Elemental and Isotopic Geochemistry .in
Geothermal Research, the N.W. Geysers: A

Case Study presented to Geothermal
Program Review xm for references )

At The Geysers, dlrect ewdence of deep

- boiling brine has not been found. Its pres-

ence in the Central and S.E. areas of the field
is inferred from patterns of steam/gas and
isotope = compositions. Steam/gas and
180/160 ratios decrease towards the mar-
gins of the field forming “bulls eye” patterns
consistent with lateral movement of a con-
densing plume and therefore, large scale
fluid convection. However, in the N.W.
Geysers steam/gas ratios decrease dramati-
cally towards the center of the field and low
steam/gas ratios are associated with fiuid
produced from the high-temperature reser-
voir. In addition, steep lateral gradients in
composition preclude large scale convection
such as that in the Central and S.E. Geysers.

The magmatic origin of the HTR high
gas component and a sharp boundary
between the HTR and the overlying normal
temperature reservoir suggests these
reservoirs were formed and are sustained
by heating due to recent intrusion and
active magma degassing. Boil down of an
original reservoir fluid is not expected to
leave behind a high gas residual fluid
enriched with magmatic volatiles nor can
the boil-down model explain the sharp
HTR-NTR boundary which relies on an
active gas flux to be maintained.

High 3He/4He ratios reported for steam
produced in the S.E. Geysers implies that it
is likely the HTR underlies the entire
Geysers field. Unlike the N.W. Geysers, it is
deeper .in the S.E. due to local recharge
from the S.E., possibly enhanced by frac-
ture networks associated with Cobb



Mountain volcanics. Appearance of HCI in
steam with declining reservoir pressures in
the S.E.-and Central Geysers may indicate
infiltration from an underlying HTR. -

EFFECTS OF WATER ADSORPTION

ON VAPOR-DOMINATED RESERVOIR
PERFORMANCE UNDER STUDY '

Other studies of primary benefit to The

Geysers were also reported to Program
Review Xlil during the reservoir ‘engineer-

ing session. Two of these studies focus on

the phenomenon of adsorbed water on the

rock surfaces in vapor-dominated reser-
voirs which has long been thought to pro-

vide a major source of fluid within the

reservoirs. The production and mitigation

of acid chlorides in geothermal steam are

the subject of another study reported.

Over the past several years; ithe'
Stanford Geothermal Program has con-

ducted a series of experimental, theoretlcal
and numerlcal investigations into the phe-
nomena of water adsorption in geothermal

systems and their effects on reservoir per-"
formance. More recently, the INEL has initi-

ated a study on the effects of- adsorptlon

and capillary condensation in the explorta- '

tlon of vapor—domlnated systems B

The mclusron of capillary condensatlon'"

as a separate issue affecting reservoir perfor-
mance in the INEL study is a major difference

- for geothermal reservoirs, pure -

~-adsorption is an effect that takes place
“at low pressure whereas caprllary

- condensation occurs at pressures close

“to the saturation pressure

s ‘atiintermediate pressures, the adsorp-
" tion phenomenon is a combination of
‘both physical adsorptlon and capiﬂary '
condensatlon .

« for the ‘pUrposes of discussing reser-
voir performance there is no real need
to dlstlngwsh between the two effects.

However, INEL researchers have evaluat-
ed the two effects separately in studies
aimed at understanding these mass storage
mechanisms and how best to implement
such processes in a geothermal simulator. In
both preliminary simulations and an evalua-
tion of adsorption and condensation by
injection and subsequent production of a

-~ tracer in a 5-spot pattern, capillary conden-

between the two. At Stanford, a 1994 investi- '

gatlon into the theoretrcal aspects of adsorp-

tion in a porous’ medium estimated the con-
ditions under which adsorption and- capillary
condensa,tlonoccur It concludes that:

~ sation was seen to be the more dominant

mechamsm Currently, the englneerlng lit-
erature in adsorption and caplllary conden-
sation is being reviewed and an |mproved
conceptual model is bemg analyzed :
The Stanford researchers presented a
detalled paper on ‘the recent results of their
adsorptlon studies to Geothermal Program
Review XlIl. In summary, they have found
that the amount of (liquid) water adsorbed in

" vapor dommated fields is consrderable, even

at pressures below the boiling -point pres-
sure. Thus, reservoir engrneenng desngn of
produotnon and |nject|on schemes must take
proper ‘account -of adsorptron To estimate
the extent: of its support of’ productlon, itis
necessary to measure the adsorptlon



isotherms of the particular reservoir rocks—
a task that can fortunately be accomplished
using well cuttings rather than cores.
Theoretical studies indicate that adsorption
should increase with temperature at a given
relative pressure—a conclusion confirmed.in
laboratory measurements. Also based on
experimental results, it can be inferred that
allowing reservoir pressure to rise -during
injection may result in a substantial reduc-
tion in the effectiveness of injection—a fac-
tor that should be taken into account in the
overall efficiency of an injection scheme.

Including the effects of adsorption and
desorption .into a reservoir simulator pro-
duces results different from those of tradi-
tional flat-interface geothermal simulators.
Pressures may actually decline sooner in
the presence of sorption; however, the rate
of pressure decline moderates more than
with flat interface thermodynamics. Without
sorption, most simulators would compute a
sudden rise in pressure on cessation of pro-
duction. Including sorption produces a
more moderate rise, as seen in the field.

Acid chloride contaminants in geother-
mal steam have caused significant corro-
sion problems, particularly in the high-tem-
perature {(>300°C >572°F) reservoir of the
N.W. Geysers. A recent study has found that
laboratory measurements of the distribu-
tion of relatively nonvolatile solutes
between liquid water and steam can be
used to establish the thermodynamic prop-
erties of these partitioning reactions over
wide ranges of temperature and brine com-
position. The new data developed can be
used to estimate the composition of a
source brine in equilibrium with steam,
based on an assumed equilibrium tempera-
ture and available analyses of wellhead
condensate samples. Regardless of the

source of chlorides in steam, the partition-
ing thermodynamic can be used to guide
the design of processes for decreasing the
levels of harmful impurities in steam,
including desuperheating to partial conden-
sation. The study was conducted by Oak
Ridge National Laboratory.

DOE INITIATES NADET RESEARCH
THROUGH SOLICITATION OF SBIR
GRANTS FOR ADVANCED DRILLING
TECHNOLOGY '

The first research-related activity under
the auspices of the National Advanced
Drilling and Excavation Technologies
(NADET) program was initiated in late 1994.
It included an advanced drilling category in
DOE's solicitation through the Small
Business Innovation Research (SBIR) pro-
gram. Two awards in the category have
been announced. One is to develop acous-
tic sensors and associated electronics using
silicon carbide, that can survive harsh
downhole environments. The other award
is for a project to investigate the feasibility
of drill bit instrumentation. that will provide
downhole measurements of conditions
ahead of the drill bit.

The solicitation for grant applications for
SBIR projects for 1996 focuses on hard rock
drilling technologies. The closing date for
applications is February 13, 1996. The SBIR
program awards grants to small businesses
(500 employees or less) in two phases.
Phase | provides up to $75,000 for researchers
to conduct feasibility studies of proposed
concepts. About one-third to one-half of
these projects continue into Phase I, the
principal R&D effort. Awards for this phase
can be up to $750,000 for a two-year period.



NADET is a cost-shared research and

development effort founded at the behest:

of DOE's Geothermal Division to create an
integrated, efficient, and economic drilling

and excavation system for the next century.:

It incorporates the interests of the several
industries who require access to the sub-
surface and whose economics would be
greatly improved by more efficient, cost-

effective, and environmentally acceptable.

methods for getting -such access. The
industrial areas of interest and the federal
agencies involved in these activities are

The direction of the overall NADET
effort was established by a report, Drilling
and Excavation Technologies for the Future,
issued 'in June 1994 by the National
Research Council, commissioned by the
Geothermal Division and the Gas Research
Institute. The Council concluded that devel-
opment of a “smart” drilling system should
be the principal emphasis of the NADET
research and development program, but
recommended pursuit of incremental
improvements to current drilling technology.

shown in Table 6.

Table 6. Federal Agencies Intérested in Drilling and Excavation Technologies

Agency Office ‘Areas of Interest
Energy Geothermal Division Geothermal development -
' Fossil Energy | .Gas exploration
Energy Research Earth science
1 Civilian Radioactive Waste Radioactive waste disposal
Environmental Management Waste handling
Transportation Federal Highway Administration . Tunneling
: . Federal Transit Administration - Tunneling
National Science Fouxidation Ocean Drilling Program Deep water operaﬁonsj
L e Earth Sciences Division o Earth science .
-Geomechanical, Geotechnical and ~ ~ * | Tunneling; excavation; construction
.Geoenvironmental Systems- -7 - - BELT L S
Environmental Protection Agency *° | “Oil & Gas Industry Regulation
SEREERS Underground Injection Control ‘Waste disposal
Office of Solid Waste ' ‘Waste disposal - -
Intetior ‘Bureau of Mines | Mining; excavation
Do ‘U.S. Geological Survey ‘| Earth science ™"
'DéfgnsE o B ‘Ammy Reseaféhiéboratoxy ?mjectilc dﬁllin_g .
R " Defense Nuclear Agency Drilling; tunneling
.Nuciearliegulétoryéémnﬁés‘ioni N o ‘Nuclcﬁxkegﬂawfy Research: i Radioactive waste disposal
National Aeronautics & Space Planet Earth Study Office Drilling; excavation
Administration ’ ‘
Commerce National Institute of Science and Drilling; excavation
Technology )




A Coordination Agreement for Research,
‘Development,and Demonstration in Advanced
Drilling Technologies has been signed, to
date, by DOE's Office of Energy Efficiency
and Renewable Energy, Energy Research,
and Civilian. Radioactive - Waste Manage-
ment, and Environmental Management. This
agreement established NADET as a vehicle
for coordinating individual research activities
while enabling each:federal office to.retain
programmatic control over any project that it
supports exclusively. Other offices within the
~ federal government are invited to participate.

EFFORTS TO DEMONSTRATE
VIABILITY OF SLIMHOLE DRILLING
CONTINUES

The necessity to drill production-size
holes in order to identify and evaluate
geothermal reservoirs contributes to the
relatively high cost of developing this
resource. Thus, industry places a very high
priority on demonstrating that far less cost-
ly “slimholes” can adequately define and
prove the resource, and is participating in
the slimhole drilling project of Sandia
National Laboratories.

The most recent project in this effort was
an exploratory slimhole near Vale, Oregon,
cost-shared with Trans-Pacific Geothermal
Corp. Although the slimhole showed low-
temperatures and permeability that preclude
development at that location, there was a
direct cost comparison with a conventional

rotary-drilled exploratory well two. miles
away. Drilled to almost identical depths, the
slimhole produced test data equivalent to
data from the larger hole at approximately
65 percent of the cost. Much greater savings
should be realized where lost circulation
problems are severe. '

During FY96, an-additional slimhole will -
be cost-shared with the California Energy
Co., at Newberry, Oregon. The location of
these test holes is important because the
use of slimholes reduces the environmental
impact as well as the cost of exploration. In
environmentally sensitive areas such as the

‘Pacific Northwest, the technology may be

crucial to development.

Sandia is also collecting and analyzing
slimhole and production well data from
Japanese fields. They are also seeking cost-
sharing partners with leases in new
resource areas that have been identified as
potential reservoirs, but require additional
exploration to justify production drilling.

California Energy and Sandia are also
cooperating in a Geothermal Drilling Organ-
ization project at the Newberry field. The
relative effectiveness of Halliburton's new

- cementitious mud, or cementitious lost-cir-

culation material (CLCM), will be deter-
mined as well as the time and cost savings
attainable with the CLCM. Sandia's lost cir-
culation program also focuses on loss-zone
diagnostic techniques as well as downhole
tools and materials such as the CLCM for
lost circulation control.



ALASKA

HIGH-TEMPERATURE GEOTHERMAL
RESERVOIRS IDENTIFIED IN
ALASKA'S ALEUTIAN ARC;
DETAILED MAPS AVAILABLE

The Alaska Division of Geological and
Geophysical Surveys (ADGGS) conducted
studies that have identified 14 sites with
high-temperature—greater - than :150°C
(300°F)—hydrothermal reservoirs in the
Aleutian arc. One of two wells drilled during

the study successfully produced 195°C
(380°F) water from a depth of 1,936 feet at
Makushin. This confirmed reservoir lies

near Unalaska, a major fish processing port
that serves as a base of operation for Bering
Sea and Gulf of Alaska. fishing fleets.
According. to other sources,-a 15 MWe
power plant is planned for this area.

Three other sites located near population
centers have excellent potential for future
development. These include northern Adak
Island near the Adak Naval Station, northern
Atka Island near the village of Atka, and Hot
Springs Bay near the village of Akutan.
Geyser Bight, although remote, also warrants

consideration because of its size, accessibili-.

ty, and high temperatures. Most other sites in

- the Aleutian arc will probably remain unde-
~‘veloped because of their remoteness or their
- location within national conservation units. -

In addition to the 14 high-temperature

B ‘sites, four intermediate systems—90 to 150°C
* (194-300°F)}—and six low-temperature—less
than 90°C (194°F}—systems were identified.

The sites studied are mapped in Figure
12, and Figures 13 and 14 include photos at
two of the sites. The studies were conduct-
ed by ADGGS between 1980 and 1988, fre-

-quently in collaboration with investigators at
the University of Alaska, Fairbanks.
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Figure 12. Geothermal Sites in the Aleutian Arc



Figure 13. Hot Springs Bay Valley in Alaska’s Aleutian Arc—A
Potential Site for Geothermal Development :

Figure 14. Alaska Geological and Geophysical Survey Team
at Geyser Bight



The studies included: ‘
* drilling two wells

* reconnaissance geochemistry of ther- .
mal spring waters and fumarole gases
- throughout the arc

* several site-specific studies including
geological and geophysical studies

« additional fluid geochemistry
investigations. ' '

The report on the. studies entitled,
“Publication PR-114, Geothermal Resources
of the Aleutian Arc,” consists of four plates
with accompanying descriptions. Three of
the plates are annotated maps at a scale of
1:1,000,000 showing the location and pro-
viding brief descnptlons of geothermal
resources; the fourth contains tables of
data on fluid geochemlstry, site locations
and type of geothermal activity, -and
Holocene volcanoes. The report covers a
region stretching westward from Mount
Spurr to Buldir volcano, the farthest vol-
cano in the arc. lt is available from:

ADGGS
794 University Avenue, Suite 200
Falrbanks, AK 99709-3645

CALIFORNIA e

CEC BEGINS NEW FUNDING CYCLE

FOR GEOTHERMAL PROJECTS

‘The: California Energy Commission -

(CEC) announced ‘in September that it had
' initiated a new funding cycle of ‘its

Geothermal Program. This ; program
enables the CEC to provide funding to pri-

“vate and public entities for projects that

promote the development of new geother-
mal resources and technologies.

’ .\Nearly $6 million are available for Fiscal

Year 1995 - 1996 which ends on June 30,

1996. This is an open-and continuous solic-

~ itation 'so application can be made at any

time. Funding is awarded to approved pro-

posals-in the -order that complete ‘applica-

tions are made

Most 'types of geothermal projects in
California - qualify ‘for this funding; but
research, development, and commercial-
ization proposals are particularly encour-
aged. Private and public entities may apply.
Universities, national laboratories, and state
and Federal agencies can participate when
in partnership with an eligible local jurisdic-
tion or private entity. There is no predeter-

~ mined limit on the funding that can be

requested for each project.

_ This round of the CEC's activities pro-
motmg geothermal development is sup-

-ported by the 1994 California Energy

Pohcy‘s conclusnon that, “New geothermal
technologles such as flash steam and bina-
ry cycle llqmd geothermal await a more
competmve situation asa result of low nat-
ural gas prlce‘s '

A major contrlbutmn in cash, equipment,
and/or in-kind services is required for project
award. Details on repayment of awards con-
verted to loans and conditions necessary for
conversnon to a grant and/or -an application
packet may. be obtamed from the CEC at
(916) 654-5129 or fax. (916) 653-6010.



NEVADA

NEVADA ENERGY TO BUY

YERINGTON PLANT

Nevada Energy Company of Reno, NV has
acquired a geothermal power generation and
non-operational ethanol plant at Yerington,
about 40 miles S.E. of Reno, by assuming a

$125,000 note and paying $875,000 in stock.

The purchase includes Tad's Geothermal, Inc.
and its long-term sales contract with Sierra
Pacific Power Company of Reno.

~ Nevada Energy Company holds inter- |

ests in renewable energy facilities including
geothermal and wind power applications.

Source: GRC Bulletin 5/35

NEW JERSEY

SALEM COMMUNITY COLLEGE GOES
GEOTHERMAL

Salem Community College, a state-sup-
ported school in Carney's Point, anticipates
savings to exceed $60,000 in annual energy
costs with the installation of two large
geothermal heat pump systems. In addition to
the economic and environmental benefits, the
installation provided hands-on training experi-
ence for students enrolled in the college's two-
year Heating, Ventilating, and Air Conditioning
(HVAC) Mechanics course of instruction.

_Each system comprises sixteen geother-
mal units totalling 80 tons of capacity, and
serves one of two buildings. The buildings
are 32,000 and 31,000 square feet respec-
tively. A closed loop system, composed of

high density polyethylene piping, encom-
passes fifty 200 feet deep wells in a field next
to the building. This closed loop serves as a
heat exchanger, absorbing heat from the
earth in the winter and transferring heat to
the earth in summer months. In addition to
supplying heating and cooling, three of the
units in" one building are equipped with
desuperheating coils which capture waste
heat from the unit's condenser for use in
water heating. This additional feature pro-
vides over half the facility's hot water needs

"by using this “free” heat source.

Further benefits and features of the new
geothermal system include uniform tempera-
ture levels, more precise comfort control, and
virtually soundless operation. Projected annu-
al savings are 365,000 kWh and nearly 400,000
kWh for the two buildings, respectively. This
results in a $30,000 annual savings in operat-
ing costs for each building while reducing
annual maintenance costs by $8,000.

More information on the system is avail-
able from Barb Wieging of Water Furnace
International, which supplied all of the
units, at (219) 478-5667, ext. 218.

Source: Geo-Heat Center Quarterly Progress Report 1/3/95

NEW MEXICO

NEW MEXICO OFFERS GEOTHERMAL
GREENHOUSES FAVORABLE
POLITICAL AND ENVIRONMENTAL
CLIMATE, ENGINEERING AND
HORTICULTURAL ASSISTANCE

The state of New Mexico and New
Mexico State University are encouraging
the development of geothermal energy for
greenhouse applications in the state. The



state offers growers favorable political,
environmental, and economic conditions.

Southern New Mexico contains several

locations that have all or most of the
following advantages:

¢ good quality water source for irrigation

« access to a market and a transportation
network

* available labor

* somewhat level land.

Growers enjoy more than 320 days of

sun per year and a dry climate that reduces
disease control problems and allows for
very effective cooling wnth evaporatlve
cooling systems

Two of the largest geothermal green-
houses in the U.S. are located in southern

New Mexico. Burgett Floral operates a faclll-'

ty of approx1mate|y 27 acres in the Animas

Valley. Masson's Radium Springs is located .

in the Rio Grande rift zone, a promising loca-\

tion for addmonal geothermal development

New Mexrco State Umversrty provrdes
technical engmeenng and  horticultural
assistance to potential developers. ‘For

more mformatron about rts assustance pro-
grams contact :

~ The Southwest Technology -
Development Institute -

‘New Mexico State University

i_ " Las Cruces, NM 88003 iy
. Phone: (505) 646-0846 ’

Source: Geo-Heat Center Quarterly Bullétin 11/94- .- - :

OREGON

HOSPITAL EXPANDS GEOTHERMAL
HEATING SYSTEM TO AVOID GAS USE

The Merle West Medical Center in
Klamath Falls has expanded the capacity of its
geothermal heating system to provide heat
and hot water for an 85, 000 square foot .
assisted- iving’ retlrement faclluty on the hospi-
tal_grounds The system will also provide heat
for the facility's swimming pool and sidewalks
to prevent icing. A new, variable-speed drive
controlled by new building automation equip-
ment is the centerpiece of the retrofit. -

The expanded geothermal capacity will
offset the use of backup gas-fired heating
equipment and will save approximately
6,800 million Btu of natural gas per year.
Including the expected decrease in electric-
ity use, a total annual energy cost reduction
of $34,000 is expected. The .project, at a

~ total cost of $215,000, is predicted to pay

for itself in 6.3 years. Other details of the
retrof t are available in Energy User News,

, Vol 20 No 2, February 1995

' Source Geo Heat Center Quarterly Progress Report 1/3/95 '

' GEOTHERMALLY HEATED WHEEL-
CHAIR RAMP INSTALLED AT OIT

. The constructlon of a new wheel chair
ramp on the Oregon Institute of Technology '
(OIT) campus mcorporatlng a geothermally
heated snow and ice meltlng system, pic-
tured in Figure 15, was recently completed.
The system utlllzes geothermal fluids in a



brazed plate geothermal-to-glycol exchang-
er with a smalt pump in the glycol loop. The
tubing used in the system is 5/8-inch diame-
ter cross-linked polyethylene tubing manu-
factured by the Wirsbo Company. There are
four reverse returh loops in the system (one
not shown at the upper landing), the longest
being about 230 feet with 10-inch spacing
between tubes. A manifold with balancing
valves is provuded to adjust flows in each of
these réeturn loops. With an entering 60/50
propylene glycol/water temperature of 60°C
(144°F), the system should maintain a slab
surface temperature of 3. 3°C (38°F) at 20. 6°C
(-5°F) air temperature and 10 mph wind.
Output is 166 Btu/ft2 requiring a flow of 2.4
gpm in the longest loop.

No electric controls were installed and a
manual system is turned on and off accord-
ing to season. The system performed well
during its first winter in operation.

Source: Geo-Heat Center Bulletin 11/94; personal
communication 9/14/95

GEOTHERMALLY HEATED SIDE-
WALKS FEATURE OF KLAMATH
FALLS REDEVELOPMENT

The city of Klamath Falls is developing a
downtown redevelopment streetscape pro-
ject for Main. Street. The pro;ect includes
brick crosswalks,. antique-style light fix-
tures, park benches, and geothermally
heated sidewalks and crosswalks. The pro-
ject is planned to extend ten blocks.

In an effort to conserve water for build-
ings on the system, heat for the projects
snowmelt system will be provided from the
return main of the city's geothermal district
heating system. The district return water will
be pumped from the return main at 60°C
(140°F), through a plate-and-frame heat
exchanger and back into the return main
downstream. The snowmelt loop will contain
a propylene glycol/water mix, supplied at a
maximum temperature of 54°C (130°F).
Supply temperature will be
reduced at higher than
design air and sidewalk
slab temperatures. The dis-
trict heating water and
snowmelt loop pumps will
be controlled by adjustable
frequency drives. A single
service vault containing the
heat exchanger and pumps
will supply the entire ten
block project.

Source: Geo-Heat Center Quarterly
Project Progress Report 4/6/95

Figure 15. Concrete being poured for new geothermally heated
~ wheelchair ramp on the OIT campus



WORLD GEOTHERMAL‘CONGRESS——
A REPORT ‘ |

When asked what results he expected
from the 1995 World Geothermal Congress
held in Florence, italy, Franco Viezzoli,
Chairman of ENEL, the ltallan National
Electricity Board sald

“Research and development in
geothermal energy requnres very
heavy commitment. Only internation-

al cooperation makes it possrble to
optimize resources and move on to .
new horizons... There are delegates
(here) from countries with the
resources and others from countries
with technology and capital. lf we've
managed to activate some synergies.
by the end of the Congress, we will
have answered one of the important
expectations . with  which - the
Congress-goers arnved in Florence

Regardless of whether any such “ syner-
gies,” developed as a direct result of the
Congress, the Iarge number (over 1,000) of
participants from throughout the world cer-

tainly generated exchanges of knowledge :

needed to ensure technologlcal progress and
stimulate new lnmatlves “For further devel-
opment,” Viezzoli said, “we are countlng on
new technolognes, new dnllmg techniques
for great depths, and relnjectlon technlques

The techmcal sessmns of the . WGC

' explored both todays state- of-the-art tech-
nologles and the research needed to devel-_‘ '

op the’ mnovatlons of tomorrow‘s methods
In addltlon, the f' ve-day program of 27 ses-

sions and over 500 papers assessed the
role of governmental polncues/regulatlons in
worldW|de geothermal development and
the impact of publlc/government/utllrty
understanding of geothermal energy.

The events of the Congress were sum-
marized as they unfolded by a full-blown
newspaper called The WGC 95 Daily News.
The six issues provided the details of the
Congress highlights used in this brief report.

Role of Government Policy/Regulation

The role of government in geothermal
development varies from country to country
in a number of signifi cant ways. The most
basic differences are that’ power generation
and ownershlp of subsurface rlghts in some
countries is by the state while in others are
by private industry and individuals.

In spite of these differences, speakers
emphasized commonalities in the impact of
goVern’mental policies. For example, Robert

:Sklnner of the International Energy Agency
,suggested that the future role of geother-

mal energy:

- ”wrll depend both on technologrcal
caprice and on mdustry adaptations to
a declining and changing role by gov- '
‘ernment, which has stopped *picking
winners'..and_has_started to open up
(power) generation to competmon .-
The industry should not count on pol-
icy changes improving the relative
economic merits of geothermal o

- “But the future of renewable energy,
accordlng to ‘Italian . mdustry ministry
Energy:Chlef Ettore Rossoni, “also depends

FP20==bZIM-2=-



(in addition to new types of technology) on
the. maintenance of . central . planning
programs. The process of liberalization tak-
ing place in energy markets must not lead
to an abandonment of planning by public
authorities.” '

A number of country-by-country reports
indicate that many countries have imple-
mented policies/regulations in support of
geothermal development and ‘provide
incentives. in one form or- another. The
types of incentives reported at the
Congress include: :

. .publicly available resource data bases
* subsidies for developers |

¢ low interest rates on loans

e grants

* tax credits

¢ settlement of divisive resource
ownership disputes

* risk-shared R&D and exploration
¢ creation of an accessible market

s attracting foreign capital through “Build-
Own-Operate-Transfer” contracts.

Need for Educating
Public/Government/Utilities on
Benefits of Geothermal Energy

A number of speakers noted that the
benefits of geothermal energy use are fre-
quently not well understood by the public
(including the investment community), gov-

Rl

ernmental agencies, and/or electric utilities.
This is especially true, they suggested, in the
environmental attributes of the resource.

For example, Christos Papoutsis,
European Union. Energy  Commissioner,
remarked that one remaining barrier to
wide-scale deployment of geothermal “can
be removed by getting the message across
to the general public.” Japan sees.the
opportunity for “getting around strict laws
on new sites—many in or near national
parks—by the use of new technology.”

-. Giuseppe : Potestio of ENEL reported, -
“excessive red tape and pressure from
environmental regulations have. meant that .
the effects were not as full as they might
be,” despite Italy's strong support for
geothermal programs through its National
Energy Plan, the Italian Geothermal
Inventory and generous incentives.

Jim Combs, Chairman of the International
Geothermal Association (IGA) noted,

“For many years, there has been little
“understanding of geothermal energy
and the problem has been one of edu-
cating people. Unfortunately, in most
nations, the electrical utilities and
power companies, which developed
electrical power networks, chose oil-
fired, coal-fired, and nuclear projects.
Geothermal failed to get a lick in.”

On a more positive note, he said that
while utilities have become accustomed to
buying fuel' on the commodities market,
“the mentality at utilities is changing now”
and they are grasping the importance of
having their fuel resource right at the power
plant location. This takes advantage of



geothermal's big environmental plus by
avoiding off-site mining, petroleum or natu- ‘
ral gas production, and a major transporta- -

tion operation. “Everything is on the same
site,” Combs noted, “and all you have are
the electric lines running out of the plant.”

‘Another " barrier blocking more rapid
growth in geothermal use is due to the

“rather poor job of assessing our own

potential,” according ‘to Mike Wright of
ESRI, ‘and failure “to communicate effec-
tively.” He called for steps to correct defi-
ciencies in the assessment of the long-term
production potential of reservoirs that lead
non-specialists “to make inaccurate evalua-
tions of geothermal's potential.” =~

WORLDWIDE STATUS AND
PROSPECTIVE FUTURE OF
GEOTHERMAL DEVELOPMENT

Gerald_‘ W.. Huttrer,

Management Co., Inc., FI'ISCO, Colorado,

Rapporteur of the WGC95 sessions on the
status of worldwide geothermal power pro- o

ductlon noted,

“It is dlfﬁcult, in a Rapporteurs,
Summary, to do justice to the detailed -
in-country reports as. eloquently pre-...
sented by their authors. Too often, .
mterestmg side topics must be briefly

‘mentioned or ignored while - dry o

statistics tend to dominate.”

Thlb comment explams hls attempt to '

of Geothermal-'-

installed geothermal capacity and lists
future geothermal plans for each country.

WORLDWIDE GEOTHERMAL DIRECT
USE STATUS AND OUTLOOK
OUTLINED AT WORLD
GEOTHERMAL CONGRESS

~The May 22, 1995, WGC session.on
regional - prospects opened with Derek
Freeston's worldwide perspective on direct -
uses of geothermal energy, including addition-
al information on heat pumps and investment.

The evidence from draft reports,
Freeston said, shows a large potential for
the development of low-to-moderate tem-
perature direct use, not yet exploited
because of financial constraints and the low
costs of competing energy. Installed ther-
mal power at the end of 1994 was roughly
8,207 MWt compared to 8,064 in 1990,
using 35,998 kg/s of fluid, compared to
31,800 in 1990. Thermal energy used was

- 105,745 TJy, compared to 61,747 in 1990.

An estimate of the total investment
worldwide between 1985 and 1994 was
1,325 million U.S. dollars, including 580 mil-
lion in France, 240 in Iceland, 177 in

- Switzerland, 73.5 in. Slovenia, 68.4 in the

United States, 60 in Poland, 54 in ltaly, 35 in
Georgia, 26.7 in Macedonia, 5.5 in Denmark,

~ 4.4in Argentina, and 0.5 in Belgium.

retam and convey some of the enthusiasm -

and opt|m|sm regardmg future geotherma! :
development that is typical of most in-

country reports. Table 7 summarizes the

The average cost per thermal MW and

- average manpower per thermal MW also
showed a very large variation in cost from

0.04. for the Unlted States to 188 for

“Slovenia, and in personnel from 0.1 for the

United States to 10.6 for Poland.



Table 7. Current Worldwide Installed Geothermal Power Generaﬂon .

Capacities and Plans/Projections for Future Development

1995 Installed
Country Capacity (MW) Plans/Preojections

Argentina 0.67 None for power generation; direct use at 2 of 4 identified areas with potential high enthalpy projects.

Australia 0.17 After 4-year demonstration period in 1996, plant's future will dépend on its performance.

Canada 0 Drilling at Meager Creek; additional exploration at Pebble Creek is encouraging, a 10 MW, pilot plant followed by 100
MW, working plant. '

Chile 0 Legislation to make geothermal franchiseable to "for-profit” entities with annuity payments to the government after
successful development; costs will have to compete with imported natural gas. ‘

China 28.78 81-104 MW, on line by 2000, 210-295 MW._ by 2010, and 400-590 MW, by 2020.

Costa Rica 55 170 MW, by 2000 |

Croatia 0 Dependent on current detailed evaluations; two potential reservoirs.

El Salvador 105 165 MW, by 2000; 250 MW_ by 2010.

Ethiopia 0 30 MW, in 3 phases by 1997 at Aluto; 1405 MW, countrywide by 2010 including export of 200 MW,

France 42 Power development on 2 islands with potential stagnant due to environmental concerns; officials hope to overcome
objections with factual information and resume development.

Greece 2.0 pilot plant No information available. ,

: closed ,
Guatemala 24 (under. Funds committed for 70 MW ; 94 MW, projected installed by 2000.
construction) : =

Hungary 0 Many years' experience in direct use and knowledge of country's resources should soon bermit power development.

Iceland 494 80 MW, at Nesjavallir when foreseen demand exceeds supply; power development continues "unhurried.”

India 0 Plans to build a 20 kW and a 1 MW, binary in Tatapani and Puga-Chhumathang in NW Himalaya yet to be realized;

international financial assistance needed to compete with abundant cheap coal; technical assistance also needed.




COuntfy E

1995 Installed

. Capacity (MW) ‘ R Plans/Projections
Indonesia . ' | 309 | 2000 MW, total by 2000. |
Iran 0. “ ‘ : Dnllmg of deep. wells at Mishkin Shaha recommended next step although other drill sites may be considered.
Italy - 6317 856 MW, by 2000. .
Japan 413705 . | 600 MQw by 2000. .
Kenya 45 A total of 448 MW, "or‘ 30% of annual 'demand by 2012.
Lithuania 0. Actively séeking fmancnal assxstance for demonstratlon projects from mtemauonal lendmg and pnvate mvestment
5 R .+ f.communities. : : . :
Mexico. . ' 723 - | 960 MW, by 2000. |
Mozamﬁithe 1 L0 ‘Generally positive structural envxronment for geothermal but sngmﬁcant increases in mtensny of geothermal studlés are
SR Lo “needed to realize potential. - : - o
Nepal 0 Calculated temperatures too low for power generation; national inventory planned to support direct uses.
New Zealand 286 . 440 MW, by 2000. '
Philippines - 12277 | 1978 MW, by 1998. - - |
Portugal 5 | Threemore 2;6 MW, plants en Sao M_iguel; ittitiétion of exploration and exploitation of the Tercieta'ISIénd prospects.
(Azores) ; = : . L 5
Russia - 11 A7 MW addition. at Pauzhetskaya in Kamchatka by 2010; 80 MW, under construction at Mutnovsky.i in 20 MW,
: increments to be completed by 2010; 30 MW, on Iturup Island in the Kuril Archipelago; and a 3 MW, pilot plant at
Kayasulinskaya in the Northern Caucasus which may be abandoned due to resource problems.
Slovenia » 0 l-MW in the Panrionian Basm; cautious optimism about development but financial assistance needed.
Thailand 03 If deep test wells along the Pai River confirm a resource, power generatlon with binary units will be planned for near
“future. ‘
Turkey . 1206 - 125 MW, from several fields by 2000; 150 by 2005, and 258 by 2010..
Us. 2816.7

3395 MW, by 2000 -




Space heating was again the biggest
sector of use, thanks to some major district
heating operations, comprising 33 percent
of total energy utilization. Following is a list
of use sectors ranked by percent total ener-
gy utilization:

* space heating—33%

* bathing—15%

* fish farming—13%

* greenhouses—12%

*  heat pumps—12%

*  industry—10%

* - agricultural drying—1%

¢+ snow melting and air conditioning—1%
*  sundry small applications— 3%.

According to Freeston, Switzerland and
the United States are the major users of
heat pumps. New Zealand and Iceland the
leaders for industrial uses, and China and
the United States the front-runners for fish
and other animal farming.

Source: World Geothermal Congress Daily News 5/23/95.

U.S. AND INDONESIA SIGN $3.46
BILLION GEOTHERMAL POWER DEAL

Four American-Indonesian joint ven-
tures won contracts to explore and develop
geothermal fields in West and Central Java
and to establish power plants with a total
capacity of up to 1,420 MWe over 15 years.
These “build, own, operate, transfer” con-
tracts were awarded to :

« PT Mandala Magma Nusantara BV, for
400 MWe (Magma's 90 percent stake
subsequently acquired by California
Energy International, Ltd.) ‘

s PT Karaha Bodas Company for 220
MWe (90 percent owned by New York
based Caithness Resources, Inc.)

« PT Patuba Power Ltd., for 400 MWe (90‘
percent owned by California Energy)
.~ and

« PT Himpurna California Energy Ltd. for
400 MWe. :

After negotiations of almost a year, the
government—the state oil company Pert-
amina for exploration and the state electricity
company PLN for power plants—and the con-
tractors agreed on sale prices based on a
three-tiered rate for their electricity within 30
years. These rates average 7.76.cents for the
first 14 years, 5.67 cents for the following
eight years, and 4.96 cents for the remaining
eight years. Pertamina previously contracted
with Unocal Geothermal Indonesia to build
and operate three 56 MWe plants at Gunung
Salak in West Java. A PLN spokesman said
that his organization is now offering new
geothermal power plants-in Surulla.of North
Sumatra and in Lampung to private firms—
each with a capacity of 110 MWe.

Source: GRC Bulletin 1/95

HDR STUDY IN AUSTRALIA
INDICATES ELECTRICITY COST OF

9¢/KWH ACHIEVABLE IN POWER
PLANT DEMONSTRATION

An economic modelrfor a 20 MWe

- power plant based on a study of hot dry rock

resources in Australia indicates that an elec-
tricity cost of $.09/kWh is achievable at the

-plant demonstration stage. The estimate



includes the costs of drilling, stimulation, log-

ging, and seismic monitoring and assumes a

capacity factor of 80 percent and an' annual
rate of return of 15 percent over 30 years.

The study, conducted by the Australian
Geological Survey Organization (AGSO),
found that a large HDR resource exists at
depths shallower than 16,000 feet, 80 per-

cent of which is beneath the 'Eromanga

Basin. The resource in this area alone is
enough to supply Australia's energy needs

for 870 years at present energy usage rates ‘

The stress regime for most of the
Australian Crust indicates crustal shorten-
ing, with a'vertical axis for'minimum princi-
pal stress: This: means reservoir develop-
ment would be honzontal rather than verti-

cal, as has been the case in all previous HDR

programs. The AGSO envisions a series of

stacked stimulation cells (perhaps five in all) -

in'a vertical well, each 656 feet (200 m) high

and extendmg 1,640 feet (600 m) horizontal-
ly out from the well, creating a stimulated.

reservoir: volume -approaching 1 cublc kilo-
meter from a smgle vert|cal well

The AGSO plans to dl‘l" a well for pump-}
ing experiments. It will be Iocated either in .
the Cooper Basm, where the best HDR;
resources are found, or in the Sydney Basm, :

‘where a gravity low with a high gradlent is

located. The AGSO hopes the test ‘will prove .

that the reservoir will develop in a horizontal
direction, which would be the most favorable
geometry for generating large reservoirs
from single vertical wells, -and that stacking

horizontal cells up the well is a viable method

of enlarging the reservoir volume. - - . -

- The January, 1995 Geothermal Resources
Council (GRC) Bulletin contains more detail
on the study and future plans in a letter writ-
ten by Doone Wyborn of the AGSO.

MEAGER CREEK PROJECT DELAYED
BY DRY HOLE -

- Thefirst large-diameter, deep geothermal
well in Canada was drilled in British Columbia
in June 1995 by Nabors Drilling, Ltd. for
Pacific GeoPower (PGP). PGP is a joint ven-
ture between Canadian Crew Energy Corp.
and Guy F. Atkinson Holdings Ltd. The major-
ity of the proposals received by B.C. Hydro
were for natural gas-fired projects. Cost-per-
kWh will be a key factor in its selection of
suppliers. However, social factors as well as
technical and financial risks will influence the
decision under a process called Multiple
Account Evaluation. PGP submitted the only
geothermal proposal—for 63.5 MWe—in

‘response to B.C. Hydro's request for propos-

als to acquire electricity from the private sec-
tor. Late in the year, PGP learned that its pro-
posal ‘was  not ‘included - on- B C Hydros
"short llst" of bldders : :

The weII was mtended to provrde data
for developlng a reservoir model to deter-.
mine future drilling programs at the South”

Meager geothermal project--Canada's first.

Its location was based on an exploration
and research program conducted by B.C.
Hydro from 1973 to 1983, however, the well
was a dry hole at 11,200 feet. PGP may pos-
sibly drill another well in the summer of
1996, to the north and in rougher terrain.
The reservoir is estimated to have a poten-
tial for 260 MWe.



. PGP's preliminary power plant design is
based on the use of the Kalina Cycle System,
a patented product of Exergy, Inc. The system
has the potential for up to a 40 percent
improvement in efficiency over more conven-
tional binary cycles. The first commercial
Kalina Cycle power plant is being demonstrat-
ed at a 12 MWe unit at Steamboat, Nevada.

PGP initiated a public consuitation
program more than two years ago. The
Community Advisory Committee, consisting
of members from the community, govern-
ment agencies, and PGP, has since become
the focal point for distribution of information
and review of community concerns. PGP
management believes that such involve-
ment is vital to the success of the project.

Source: GRC Bulletins 2/95, 3/95, 5/95, and 6/95; personal
communication

U.S. GEOTHERMAL COMPANY TO
DEVELOP UP TO 105 MWE IN
NICARAGUA

The Ministry of Energy of Nicaragua (INE)
issued its first geothermal concession to
Trans-Pacific Geothermal Corporation (TGC)
of QOakland, California, in December 1995.
The concession covers 114 square km in the
E1 Hoyo-Monte Galan area, about 50 km
north of Managua. This follows an Agree-

ment in Principle that TGC negotiated with
INE in December 1994. TGC expects to con-
vert the Agreement in Principle into a full-
fledged power purchase agreement within
the first quarter of 1996, and is gearing up to
carry out additional geoscientific studies in
the concession area. The Agreement in
Principle commits Nicaragua to buy the out-
put of a geothermal project, up to 105 MW,
which will be constructed in two stages.

GEOTHERMAL POWER EXPANDS
TO WEST INDIES

On February 23, 1995, Caribbean Power
Enterprises Limited (a U.S. owned compa-
ny), the government of the Commonwealth
of Dominica, and the Dominica Electricity
Services Company Limited (DOMLEC)
signed a contract which created the
Dominica Geothermal Power Company
owned by the government and Caribbean
Power Enterprises Limited. A power sales
contract was also signed between Dominica
Geothermal Power Company and DOMLEC.
The document stipulates that 10 megawatts
will be sold by the geothermal company to
DOMLEC from four powerplants (2.5
megawatts apiece) that will be built between
1998 and 2004. The total value of the project
will be in excess of $20 million (U.S.). This
will be the first geothermal development in
the Commonwealth of Dominica.



GEO-HEAT CENTER CELEBRATES IT S
20TH ANNIVERSARY;
CONTINUES TOOFFER =~ -

TECHNICAL SERVICES

The Geo-Heat Center (GHC), located on
_the geothermally heated campus of Oregon
Institute of. Technology in Klamath Falls,
celebrated it 20th anniversary this year. Its
beginning is traced to an international con-

ference, held on campus in October 1 974‘ on.

geothermal energy. It was organized to
review nonelectric, multipurpose uses of the
resource in Hungary, Iceland, New Zealand,
the United States, and Russia. The GHC (for-
merly the Geo-Heat Utilization Center)-was
established in 1975 as a result of the confer-

ence and interest in the need to exchange . "

and disseminate information on low- to
moderate-temperature resources and their
utilization. Initial funding was provided by
the Pacific Northwest Regional Commission
(PNRC), -

Use of Geothermal Energy—-Proceedings of

a .branch - of the Executive
Department of the Governors of the states of
Oregon, Washington, and Idaho. The $3,000 -
contribution supported publication of the.
- conference proceedings titled Multipurpose

the International Canferénce on Geothermal

- Energy for Industrial, Agncultural and
' Commerc:/aI/ReSIdentlaI Uses '

"Slnce' 1975 the GHC's’ actlvmes 'have )

* been funded primarily by DOE. In addition

o PNRC, other study and project sponsors
~include the California Energy Commission,

- USGS, . Bonneville ‘Power Admmlstratlon,‘

: Electnc Power Research Instltute, EG&G and
o varlous communmes

The primary functions of the Center are
to disseminate information to potential users
of geothermal resources, perform applied
research on the utilization of low-tempera-
ture resources, .and to publish a quarterly
newsletter on the progress and develop-
ment of direct-use geothermal energy in the
United States and other countries. It has

" recently published a brochure to advise con-

sultants, developers, potential users, and the
general public of the services it can provide

- through DOE support of its activities. The

information it has developed, through first-
hand  experience .with numerous projects
and extensive research, is provided to indi-
viduals, organizations, and companies
involved in geothermal development.

Technical assistance for geothermal

“projects involving -direct and heat pump
‘space heating, -industrial processes, and

low-temperature wellhead electric power
generation is allocated based on merit.
Assistance is available at the.outset of a
project—e.g., economic analysis, technical

_feasibility, equipment and materials selec-

tion—or for follow-up trouble shooting for
operational systems. In addition to techni-

- cal asSistance, the services offered include:

* Resource Information—data is available
- for a specific area of a city or county in
~ Arizona, California, Colorado, Idaho,

- Montana, Nevada, Oregon, Utah, and
~ Washington (The inventory of the
_ nation's low- and moderate-tempera-
- ture geothermal resources has been
“updated by a recent DOE-sponsored
.. resource assessment.)

| - Advisirié and Refér}alé;technical infor-

-~ mation is provided by meeting with

BMTANZ2P>R=-] OO~ O2TOHm=|



- groups and answering telephone
- inquiries and letters

Speaker's Bureau—center staff are
available to make presentations to both
lay and technical audiences

- Tours—individual and group tours of the
‘Klamath Falls district heating system and
other geothermal applications in the area

Publications—a quarterly bulletin featur-
ing domestic and foreign reports is
available free of charge and technical
material may be obtained by writing for
the GHC Publication Request Form

Library—a geothermal library of over
5,000 volumes is maintained for lay
and technical readers. Volumes are
available for loan by writing the GHC
librarian, and a GHC library subject
matter listing is available along with a
computer reference search.

The GHC address is:

Geo-Heat Center
Oregon Institute of Technology
3201 Campus Drive
Klamath Falls, OR 97601-9978
Phone: (503) 885-1750
Fax: (503) 885-1754
E-Mail: lienaup@oit.osshe.edu
lundj@oit.asshe.edu

MAPS SHOWING CO-LOCATION OF
GEOTHERMAL RESOURCES AND
POTENTIAL USER COMMUNITIES
AVAILABLE FOR NINE STATES

Maps of nine western states showing the
co-location of geothermal wells and springs
with communities that represent potential
users of ‘the resource are available to the
public. For example, the map of California in
Figure 16 indicates that 70 cities and towns
are located within 4.8 miles (8 km) of identi-
fied geothermal wells and springs with
temperatures in excess of 50°C (122°F). The
other states for which similar maps have
been prepared are listed in Table 8.

The accompanying data tables identify:

city/county
latitude/longitude
population

reservoir temperature
number of wells
typical depth

flow

total dissolved solids
current use

heating degree days
design temperature
distance of resources from city

Table 8. States for Which Co-Location
Sites Are Mapped (except CA)

Colorado 15 New Mexico 12
Idaho 51 Oregon 32
Montana 18 Utah 23
Nevada 30 Washington | 6
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Figufe 16. California Communities With':Geothermal Resource Development Potential



The maps and data were developed as
part of an updated assessment of low- and
moderate-temperature geothermal resources
in the western states, funded by Congress
through DOE in 1991. The program was con-
ducted by the GHC, the Idaho Water
Resources Research |Institute, - the. Earth
Science Laboratory at the University of Utah
Research Institute, and teams representing the
cognizant agencies in the individual states.

Letters and accompanying resource
data, for each area, have been sent to coun-
ty economic development agencies. The
GHC will provide assistance to those inter-
ested in developing their resources for dis-
trict heating or an industrial application.
This assistance .could, for example, involve
brokering—arranging contracts with finan-
cial institutions, resource assessment com-
panies if needed, and engineering firms.

Copies of the maps and data may be
obtained from:

Geo-Heat Center
Oregon Institute of Technology
Kiamath Falls, OR 97601
(503) 885-1750
Fax (503) 885-1754

A SECTION OF GRC'S ON-LINE
INFORMATION SYSTEM AVAILABLE
AT NO COST

Effective Febfuary 1, 1995, the GRC
made available a section of its On-Line

Information System at no cost.
Geothermists worldwide, through computer
access, will be able to use the system's

Message Areas and search the system's
comprehensive list of vendors who supply
geothermal goods and services. -

-The Message Area is a special section
where those in need of information can make
requests for general or specific data on how
to solve technical problems, how to procure
specific goods or services, and whom to
send Requests For Proposals. In addition, the
Message Area is available to vendors who
want to advertise products and services.
Listings of limited size will be carried on the
system for a specified amount of time at no
cost. Until recently, the Vendor List data base
consisted only of U.S. companies. Presently,
any company involved in geothermal explo-
ration, development, and production
throughout the world may be listed.

The hardware requirements for using
the On-Line System are as follows:

¢ |BM compatible computer ('386 or -
better recommended)

e  MS-DOS 5.0 (or higher) operating system
e modem of 9,600 or 14,400 bps
* a phone hook-up.

The GRC Librarian will assist with first-
time connections.

If you would like to use the Message
Area, to search the Vendor List Data Base,
or to advertise in the Message Area, call or
fax the GRC office at (916) 758-2360, fax
(916) 758-2839, for an information packet.

Source: GRC Bulletin 1/95



GRC EMPHASIZES IMPORTANCE OF
GEOTHERMAL SUSTAINABILITY

GRC presented a session at its 1994
Annual Meeting emphasmng the impor-
tance of sustainable geothermal produc-
tion for the future, of the industry. Two of

the papers presented printed in the GRC's

September/October 1994 Bulletin, address

sustainability strategies for two vastly dif--
ferent reservoirs and applications: 1) a

field long used for power generation, and
2) an aquifer only recently employed in
heating greenhouses.

Lardere)llo

At the Larderello field in Italy, which has

been used for commercial power produc-

tion since 1926, two sustainability strate-
gies have been employed - drilling of deep
wells and injection. These applications fol-
lowed a decade of stabilizing productlon, :

after it reached its peak in the 1960's, by

drilling wells over mcreasmgly Iarge areas.
When the . boundarles of the productlve'1

e, /'”

area were reached, experiments began on
extracting steam from deeper, undrained or

~ only partially drained levels and producing

new steam by injecting water into the more
permeable and exploited areas of the field.

The deep drilling experiments were pos-
itive in the south-central zone and at the
margins of the field. High productivity and
reservoir pressures at approximately 5,000
to 8,000 feet made it possible to increase
production and to offset the decline of the
wells already in production. To the north, in
the Larderello-Valle Secolo zone, the addi-
tional fluid was insufficient to offset the pro-
duction decline of the area. See Figure 17 for
a geologic cross section of the area. Wells
drilled at the east, south, and west reached
sufficient production and pressure levels, at
approximately 10,000 and 11,500 feet, to
allow construction of additional power
plants in the future. The number of deep
wells will be reduced, through optimum well
spacing once analyses of the entire potential
productive area is completed.

The first injectidn experiments were
conducted in t_he Larderello-Valle Secolo

.. LARDERELLO
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zone, which was the most favorable due to
the extensive distribution of fractures and
the presence of highly super heated steam.
The tests at the top of the reservoir proved
to be positive in the area of the fractured
metamorphic formations. On the contrary,
where the metamorphic formations are not
fractured, there is breakthrough between
the injection and production wells since the
injectate does not penetrate to depth. Deep
injection did not yield positive results.

Beginning in 1993, the condensate from
the power plants was injected at the top of
the reservoir in the most favorable area
(Valle Secolo). A 15-year experimental peri-
od made it possible to define the limits and
modes of injection. On-going injection
experiments, in poorly fractured zones with
high temperatures, have already achieved
positive results by alternating individual
wells for injection and production.

Newcastlé, Utah

The Newcastle, Utah geothermal reser-
voir, located along the southeastern edge of
the Escalante Desert, lies in a rural farming
community. The concealed hydrothermal
system was accidentally discovered in 1975
during aquifer testing at a newly drilled irri-
gation well. Subsequent studies by the
University of Utah Research Institute, the
Utah Geological Survey, and others have
defined a covered upflow zone along the
Antelope Range fault and a shallow thermal
aquifer which channels the outfiow plume of
the hydrothermal system. The anomalous
heat flow of the system exceeds 12.4 MW.

In 1988, three relatively small green-
houses and a church were producing ther-

mal fluid for space heating and disposing of
the cooled fluids in shallow evapo-
ration/infiltration pits. No substantial change
in fluid temperature or depths to warm
water have been reported. However, in
1993, a 4-acre greenhouse was constructed,
the first of seven planned. Since further
expansions in greenhouse operations are
economically desirable in southwestern
Utah, it is important to resolve current
uncertainties about the reservoir and to plan
for sustainable (long-term) development
which will provide continued employment
and protect the capital already invested.

A limited program of temperature moni-
toring was initiated in August 1993, followed
by a fluid level measurement program.
Although significant temperature changes
have been observed, neither temperature
nor water level changes impacted users dur-
ing the relatively mild 1993-94 heating sea-
son. However, since increased production
levels during a colder winter may impact
closely spaced production wells, additional
monitoring wells are needed in areas antici-
pating substantial added development.
Efforts are underway to obtain funding.

Conceptual and numerical models are
considered to be the key to planning for
additional development with minimal
adverse effect on existing users. A concep-
tual model of the system is presented in
Figure 18. Once it has been fully tested
against the data base, it will provide a basis
for predicting the response of the hydrother-
mal system to long-term geothermal devel-
opment, possibly including power.

Source: GRC Bulletin 9/10/94
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Figure 18. Conceptual Model for
Groundwater Flow in Newcastle Sy;te‘m

OT TER SPREADSHEET ; ,
AVAILABLE FOR EVALUATING COSTS
OF GEOTHERMAL SYSTEMS

The wide variety of heating equipment
available for geothermal greenhouses,
growers' preferences, and resource tem-
perature can make the selection of equip-
‘ment a complicated process. As with any
project, equipment cost is a-primary con-
sideration. Manually evaluating the cost of
five or six alternative systems for each pro-
ject is too time consuming. ‘

As a result of these issues, the Geo-Heat
Center has developed a spreadsheet enti-
tled, “Greenhouse Heating ‘Equipment

Selection” (GHS). It is a tool:for-evaluating

the cost {both capital and operating) of six
types of greenhouse heating systems: ’

¢ unit heaters

* finned pipe

¢ bare tube

¢ fan coil

* combination base tube/fan-coil
* low-temperature unit heaters.

~ Afuture modification of the spreadsheet
will allow a propane unit heater peaking sys-
tem to be added to any of these systems.

Similarly, a spreadsheet, “Geothermal
Energy Cost Evaluation,” has been devel-
oped to compare two basic approaches to
producing heat - a geothermal system and
a gas boiler plant. This information is par-
ticularly useful at the conceptual stage of a
project, when developers typically make
decisions about fuel sources.

In addition, a data base, easily accessi-
ble and maintained on personal computers
presents the results of findings from 253
case studies of ground source (or geother-

“mal) heat pump (GSHP) installations. The

data base contains information on the mon-
itored (metered) and simulated (modeled)
data used to establish patterns of energy
savings, peak demand reductions, and eco-
nomics for residential and commercial
applications. The information also summa-
rizes the status of GSHP demand-side man-
agement programs for the following:

¢ almost 60 electric utilities and rural
- electric cooperatives -

o marketing, lncentlves, barners to mar-

ket penetrations -
e number of unlts installed in service
-areas
* benefits.

More detail on the greenhouse spread-

~sheet and an example of its use are provid-

ed in the Center's Quarterly Bulletin of

‘November 1994. Or information may be

obtained from Kevin:Rafferty at the Center
on (503) 885-1750.



EXPANDED LOW TEMPERATURE
GEOTHERMAL DATA BASE FOR
OREGON NOW AVAILABLE

The Oregon Department of Geology
and Mineral Industries (DOGAMI) has pro-
duced a digital inventory of Oregon's low-
temperature .and moderate-temperature
geothermal resources - up to 160°C (300°F).
This inventory is now available on a com-
puter diskette. It lists 2,193 geothermal

wells and springs; more than doubling the

number (from the 1982 inventory) of known
geothermal resources in the state.

The inventory of geothermal sites is part
of the nationwide low-temperature
Geothermal Resources and Technology Transfer
Program funded by DOE's Geothermal
Division. It is administered in Oregon by the
GHC at the Oregon Institute of Technology.

The data base is now available to the pub-
lic as DOGAMI Open-File Report 0-94-9, Digital
Data and Selected Texts from Low-
Temperature Geothermal Data Base for
Oregon. The price for the 3 1/2 inch high-den-
sity diskette is $12.00. it may be obtained from:

Nature of Oregon Information Center
Suite 177, State Office Building
800 N.E. Oregon Street, #5
Portland, OR 97232-2109
Phone: (503) 731-4444
Fax: (503) 731-4066

Orders may be charged to Visa or
Mastercard. Orders under $50 require pre-
payment except for credit-card holders.

Source: GRC Bulletin 9-10/94; Geo-Heat Center Quarterly
Bulletin 11/04

FREE POSTER ON .
GEOTHERMAL ENERGY

A colorful and comprehensive poster
on geothermal energy has been prepared
primarily for use as an: educational tool in
schools. In both art work and simplified text,
all facets of the resource and its uses—rang-
ing from the origins of heat and a brief histo-
ry of man's use of natural hot water to power
generation and the operation of heat pumps
and other direct uses—are described. The
environmental preferability of geothermal
energy over competitive fuels is document-
ed with comparative data on air emissions,
land use, and handling of waste water.

The poster was prepared by the GRC and
the Geothermal Education Office and funded
by the Department of Energy. Copies may be
obtained free-of-charge from:

The GRC
2001 Second Street, #5
Davis, CA 95616
Phone: (916) 758-2360

-or
The GEO
644 Hilary Drive
Tiburon, CA 94920
Phone: (415) 435-4544



USGS PUBLICATION LOOKS AT PAST,

PRESENT, AND FUTURE OF
GEOTHERMAL ENERGY

~ 'The : USGS publication  Tapping the
Earth's Natural Heat is both an attractive
and informative “text book” on geothermal
energy. The introduction presents its prima-
ry purpose as providing ‘information that
will help ‘the reader understand how,
where, and to what extent this resource can
contribute to our Nation's needs. The publi-
cation does the following:" =~

¢ describes the distribution and nature of
geothermal energy

» reviews the common types of geother-
mal systems that provide useful energy
using current technoélogy '

* considers potential geothermal
resources that could be tapped with
new technologies -

¢ summarizes the role of earth-science
information in assessing and tapping
the geothermal resources of the U.S.

* providing technical assistance to devel-
oping countries' studies of their
geothermal fields.

Identified as USGS Circular 1125, 7ther
publication is free from:

USGS Map Distribution .
Box 25286, MS 306
Denver Federal Center

Denver, CO 80225

. GEOTHERMAL INFORMATION

AVAILABLE ON DOE-CD-ROM

. According to Infotech Update, a quarter-
ly newsletter published by DOE's Office of
Scientific and ~Technical - Information,
geothermal energy is one of many topics
covered by Energy Science and
Technology—a multidisciplinary file con-

taining nearly 3 million worldwide refer-

ences to basic and ‘applied scientific and

technical literature in all fields of energy.

Other subject areas of potential interest to

the geothermal community include:

* energy conversion

* environmental effects of energy usage-
* relative to greenhouse gas effects and

global climate change
* - pollution mitigating activities

* - electric power engineering.

 On average, about 50 percent of the

- data base is from foreign sources.

For subscription prices and information
about local-area-network or wide-area-net-
work changes, please contact:

Knight-Ridder Information, Inc.
-Dialog On Disk
2440 El Camino Road
Mountain View, CA 94040
Phone: (800) 334-2564
~ Fax: (415) 254-8000 -



ASTM STANDARD FOR TWO-PHASE
FLUID DEVELOPED

- The Amencan Soclety for Testing and
Maternals (ASTM) has developed a standard. n
ensuring consistent and reliable data on the

. obtain representative samples of the known
quality of liquids and steam in a pipeline.

E1676 is available  from ASTM

-' Customer ‘Services, (215) 299-5585. For

chemical composition of geothermal fluids

from different  worldwide
According to Paul Hirtz, chalrman of the

ASTM Task Group that developed standard.' S

E1675, the Practice for Sampling Two-Phase

‘Geothermal Fluid for Purposes of Chemical |

Analysls provndes users Wlth the ablllty to

sources.

- _information about E1675 or to suggest new
. standards development actwmes, contact
) letz at:

 Thermochem Inc.

- 6347 Skylane Bivd. . -
- Santa Rosa, CA 95403
Phone' (707) 575-1310

" 'Source GRC Bulletin s/es



MAJOR SOURCES OF GEOTHERMAL INFORMATION « ~~* ~+ *

Th|s section of the GPM presents a representatlve sample of geothermal Ilterature that has
been reported since the last issue. Wlder -coverage of the literature may be found'in a bimonth-
ly publlcatlon of current. abstracts, titled “Geothermal Energy,” published by DOE's Office of
Scientific and Technlcal lnformatlon The _publication. may be obtained from the National
Technical Information Service (NTIS), Springfield, VA 22161 as PB95-914700. The annual sub-
scription price for six issues is $90.00 {domestic) and $180.00 (outside the North American
continent). The publication typically lists each paper, article, or report deruved from another
publication, such as conference proceedings, as separate entries. Space does not permrt sep-
arate llstlngs in the GPM thus, the followmg are recommended

Geothermal Resources Councnl Bulletln, Monthly Publication of GRC PO Box 1350, Davis,
California 95617-1350.

Geothermal Resources Councnl Transactlons, Proceedmgs, GRC Annual Meetlngs

Stanford Umversuty Annual Workshop on’ Geothermal ‘Reservoir Englneermg, Stanford
Geothermal Program, Dept of Petroleum Englneerlng, Stanford Callfornla 94305
Proceedlngs of the Annual Geothermal Program Flevnew, Geothermal DlVISIon, U.S.
Department of Energy. Available from the Natlonal Technlcal lnformatlon Servrce, U.S.
Department of Commierce, Springfi eld Vlrglnra 22161

Federal Geothermal Research Program Update, Volumes 1 and 2 U. S Department of Energy.
Geo-Heat Center’ Quarterly Bulletln_,“Oregon'Instltute of Technology, Klamath, F,alls, Oregon.
Water-Rock Interaction; Proceedings, VoI 1, Low-Temperature Environments, Vol. 2 Moderate
and High-Temperature Environments, Netherlands, 1992; Seventh Water-Rock |nteract|on
Conference, Park City, Utah, July 9-22, 1992,

World Geothermal Congress, Florence, Italy, May 1995.

Sixth International Conference on Thermal Energy Storage, Espoo, Finland, Aug. 15-17, 1995.
(In CALORSTOCK '94, Order No. DE95772422, OSTI; NTIS)

-



Note: Copies of the publications listed below should be obtained from NTIS at the address
provided at the beginning of this article, or from one of the other sources listed. Those marked
“GPO Dep.” are available for inspection or interlibrary loan at Government Printing Office
regional depository libraries. DOE.and DOE contractors may order from the DOE Office of
Scientific and Technical Information (OSTI), PO. Box 62, Oak Ridge, TN 37831. Where given,
the “GPO Dep. Order No.” is the accession number for all locations; an NTIS number only is
given when the document is not available at GPO. ITIS is the Integrated Technical Information
System maintained by OSTI for contractor accession to DOE online data bases.

RESOURCE STATUS AND ASSESSMENT

Dickson, M.H. and M. Fanelli, “Smalol Geothermél Resources: A Review,” ltalian National
Research Council (Pisa, Italy), International Institute for Geothermal Research, Energy Sources,
16(3) (Jul. 7-Sept. 1994).

Hicks, T.W., et al., HDR Resources and Technology, CSM Associates, Ltd., Camborne
{United Kingdom) Sponsored by Energy Technology Support Unit, Harwell; available from the
British Document Supply Centre, Boston Spa, Wetherby, West Yorks, LS 23 7BQ (1994)

Phair, K.A., “Getting the Most Out of Geothermal Power, ” Stone and Webster Engineering
Corp., Denver, Mechanical Engineering, 116(9): 76-80 (Sept. 1994).

Rummel, F. and O. Kappelmeyer (eds.), Geothermal Energy: Future Energy Source? Facts-
Research-Futu_re, C.F. Mueller, Karlsruhe (Germany) 1993.

Salazar, J. and M. Brown (eds.), Hot Dry Rock Energy: Hot Dry Rock Geothermal
Development Program. Progress Report, Fiscal Year 1993, Los Alamos National Laboratory,
Order No. DE95009525, OSTI; NTIS; GPO Dep. (March 1995).

Willis-Richards, J., et al., Site Comparison Study for the European Scientific Prototype HDR
System, Ibid.



GEOLOGY AND HYDROLOGY OF GEOTHERMAL SYSTEMS

. Anovski, T., et al., ”Possnbllrty Determination for- Remjectlon of Used Geothermal Waters,”
Skopje Umversrty, Yugoslavia, Renewable Energy (Unlted ngdom), 5(5-8) (Aug. 1994). -

Bjornstad S C. etal, Coso Monltoring Program, October 1992 through September 1993,
Naval Air Weapons Station, China Lake, CA, NAWS- CLTP003 NTIS prlces PCA07IMFA02
(Jan. 1994)

Brown, DW and K.L.. Burns, Deslgns of an HDR Reservo:r at Clearlake Callforma, Las
Alamos National Laboratory, Conference, EPRI/HDDR Geothermal Power for U.S. Electric
Utilities, lrwmdale, CA, OSTI NTIS; GPO Dep Order No DE94016199 (May 23-24, 1994)

Jewell PW et al “Hydrology and Chemlstry of Thermal Waters Near Wells, Nevada.
University of Utah, Department of Geology and Geophysncs, Ground Water; 32(4) (July-Aug
1994). 0 s . Py _ ,

Kiee, G. and F. Rummel "Hydrofrac Stress Data for the European HDR Research Pro;ect Test
Site Soultz-sous-Forests as a Part of the HDR Feasibility Study,” in Rock Mechan/cs in the
1990s: Praceedmgs Vol. 2, OSTY; NTIS order No DE94014602 (1993)

Matsuki, K. and K. Takeuchl, ”Three-DlmenslonaI In Sltu Stress Determmatlon by Anelastlc
Strain Recovery of a Rock Core,” |bld S

Steefel, C.l., and A. C. Lasaga, “A Coupled Model for Transport of Multnple Chemlcal Specles
and Kinetic Precrprtatron/Drssqutron Reactions ‘with Appllcatlon to ‘reactive flow in Single
Phase Hydrothermal Systems, Yale Umverslty, Amencan Journal of Scrence 294(5), (May
1994) ' A R _ . e

Wallroth T Status of HDR Research wzth Spemal Emphasls on Destgn Issues, Chalmers
University of technology, Dept of Geology, Geothenburg, Sweden; Swedish Natlonal Board for
Industrial -and: Techmcal Development (NUTEK) Stockholm, OSTI NTlS Order No.
DE94783405 (1994) R

Watanabe, K. and H. Takahashl, “Fractal Geometry Characterlzatlon of Geothermal
Reservoir Fracture Networks,” Journal of Geophysma/ Research, 100(B1) (Jan. 1995). 7
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The followmg tables present data on the facllmes of the N

U.S. geothermal - power industry, past,. present, 8nd
planned. The information was assembled from published

~_sources and direct contact with industry spokesmen, It i Is - |

believed to be accurate as of the end of 1995.

'The key to the abbreviatlons used in the followmg
power plant tables is as follows

DDS L Drv Steam

DF . - - DualFlash .~ . . = -

SF- - Smgle Flash ) B

Utiities . i -
BPA ' Bonnevnlle Power Admlmstratlon :

HELCO

- Hawaii Electric Light Co. -

[}»] < Imperial Irrigation District -
LADWP - . -Los Angeles Department of Water}_ '
-~ " @andPower . -
'NCPA - - Northern California Power Agency

“PG&E -~ - Pacific Gas and Electric Co. . .
<. . Pacific: Power and Light Co. -
- PSP&L- - . Puget Sound.Power & Light Co."
.. SCE: - Southern California Edison - -
- San Diego Gas and Electric Co.-
- Sierra Pacific Power Co, S e
» - Sacramento. Municlpal Utllrty L

. SMUD
- 7 'District .

- UPD - . Utah Power = = .
.. - Division of Paclf' c Corp

omrop=-l =HZPrvIms0v nc



GEOTHERMAL ELECTRIC POWER PLANTS OPERATIONAL, UNDER CONSTRUCTION, AND PLANNED
IN THE UNITED STATES
(Dry Steam Plants at The Geysers)

PLANT FIELD PLANT OWNER UTILITY RATED YEAR
NAME DEVELOPER CAPACITY ON LINE
(MW)
PG&E Unit 1° UNOCAL/Magma/Thermal PG&E PG&E 11 1960
PG&E Unit 2" " " " 13 1963
PG&E Unit 3 " " " 27 1967
PG&E Unit4' " " " | 27 1968
PG&E Unit 5 " " " 53 1971
PG&E Unit 6 " " " 53 1971
PG&E Unit 7 " " " 53 1972
PG&E Unit 8 " " " 53 1972
PG&E Unit 9 " " " 53 1973
PG&E Unit 10 " " 53 1973
PG&E Unit 11 " " " 106 1975
PG&E Unit 12 " " K 106 1979
PG&E Unit 15* Geothermal Resources " " 59 1979
International
PG&E Unit 13 Santa Rosa Geothermal Co.b " " 133 1980
PG&E Unit 14 UNOCAL/Magma/Thermal " " 109 1980
(Natomas)
Retired

Formed by Calpine Corp. and Freeport-McMoran as new owner of leases and steam supply operations; originally Aminoil properties




GEOTHERMAL ELECTRIC POWER PLANTS OPERATIONAL, UNDER CONSTRUCTION, AND PLANNED

~ INTHE UNITED STATES
(Dry Steam Plants at The Geysers)
- PLANT ' FIELD PLANT OWNER UTILITY RATED YEAR
NAME DEVELOPER CAPACITY ONLINE
‘ MWw)
PG&E Unit 17 UNOCAL/Magma/Thermal PG&E PG&E 110 1982
o (Natomas)
PG&E Unit18 UNOCAL/Magma/Thermal PG&E PG&E 110 1983
, : (Natomas)
SMUDGEO No. 1 Santa Rosa Geothermal Co.b ‘ Sacramento Municipal = SMUD 72 1983
. _ ‘ Utility District
NCPA No. 1° Northern Calif. Power Agency * NCPA NCPA 110 1983
(originally Grace Geothermal)
SantaFe : Santa Fe Geothermal (originally Santa Fe Geothermal PG&E 80 1984
Géothcxmal | Occidental)
Bottle Rockd NCPA - Calif. Dept of Water Calif. Dept of 55 1984
Resources Water
Resources
NCPANo.2°.  NCPA NCPA NCPA 110 1985
PG&E Unit 16 .. SantaRosaGeothermal Co.” . PG&E. PG&E 110 1985
PG&E Unit 20 - UNOCAL/Thermal (Diamond PG&E PG&E 110 1985
e Shamrock) )
Cold Water Creck Cold Water Creek Operating Co. ~ cpA° CCPA® 124 1988
Bear Canyon Creek Santa Rosa Geoﬂ\éﬁnal Co.! Santa Rosa. PG&E - 2 1988
Originally NCPA Nos.2and3
o

Plant owneiship divided among Sacramento Municipal Utility District (SMUD), Modesto Irrigation District (MID), and the City of Santa Clara



GEOTHERMAL ELECTRIC POWER PLANTS OPERATIONAL, UNDER CONSTRUCTION, AND PLANNED

IN THE UNITED STATES
(Dry Steam Plants at The Geysers)
PLANT FIELD PLANT OWNER UTILITY RATED YEAR
NAME DEVELOPER CAPACITY ON LINE
MW)
f ) f

West Ford Flat Santa Rosa Geothermal Co. Santa Rosa PG&E 29 1988
Joseph W. Aidlin Power  Geothermal Energy Partners® Geothermal Energy PG&E 20 1989
Plant Partners/Cloverdale

h
Geothermal Partners

The new partnership of Calpine Corp. and Freeport-McMoRan owns both field and power plant operations; originally Geysers Geothermal properties
A subsidiary of Mission Power is general partner
Calpine Corp. and Metlife Capital Corp. (affiliate of Metropolitan Life Ins. Co.)




GEOTHERMAL ELECTRIC POWER PLANTS OPERATIONAL, UNDER CONSTRUCTION AND PLANNED

IN THE UNITED STATES (Hot Water Plants)

LOCATION PLANT TYPE FIELD PLANT UTILITY RKTED YEAR
(StateandSite) .= NAME DEVELOPER OWNER capacrty  ON
Mvw)  LINE
ALASKA ‘
Unalaska TBD Exergy Alaska Energy Authority TBD 12 1996
Coso Hot Springs ~ Navy Plant DF CaliforniaEnergy. ~ California . .. . . SCE 80 1987-
o "7 No.1, Units " Energy’ | | o 1988
No.1,2,&3 ( :
BLM East DF . CaliforniaEnergy.  California SCE 48 1988
(Units 1&2) o Energy" - :
BLM West DF California Energy’  California SCE 28 1989
RN v . Enemgy
Navy Plant* DF Califonia Energy”  California SCE 80 1989
No. 2, Units ‘ v En ergya : :
No.4,5,&6 , . -
East Mesa - GEM1 (formerly B.C. B GEO be GEO/Missionc SCE ‘ 12.5‘l - 1980
McCabe) Operator/Mission '
Ormesal OESI OESI SCE 2% 1986
 Omesall OESI/Harbert OESUHarbert SCE 17 1988
S _International _
Ormesa IE B OESI = OESI SCE 8 1988
* Various venfure partners are involved in all California Energy Coso plants
> Magma Power original owner
¢ Maission Energy, a subsidiary of SCE
4

Enlarged from 10 MWe




IN THE UNITED STATES (Hot Water Plants)

GEOTHERMAL ELECTRIC POWER PLANTS OPERATIONAL, UNDER CONSTRUCTION, AND PLANNED

LOCATION PLANT TYPE FIELD PLANT UTILITY RATED  YEAR
(State and Site) ‘NAME DEVELOPER OWNER ' CAPACITY “ON
CALIFORNIA Ormesa IH B OESI OESI/Harbert SCE 6 1989
(Cont'd) ’
GEM 2 DF  GEOMission’ GEO/Mission” SCE 37 1989
Glass Mountain BPA Pilot He DF Calpine Trans-Pacific BPA 30 1998
- (est)
Heber Heber Dual DF Chevron Calpine SCE 47 1985
Flash Power Resources Co. Corp/ERC
Plant . f
International
Heber Binary Project’ B Chevron To be sold by SDG&E SDG&E 45 1985
Second Imperial B Second Imperial GE Capital SCE 37 1993
v Geothermal Co. W
Mono-Long Valley "Méiﬁin(}ih B Pacific Energyh Pacific EnergthConstellation SCE 7 1984
Pacific (MP)
Unit 1
. h h
MP Unit It B Pacific Energy Pacific Energy /Constellation SCE 10 1990
: h h 1998 :
MP Unit Il B Pacific Energy Pacific Energy /Constellation SCE 10

(est)

Subsidiary of Pacific Enterprises

Bonneville Power Administration Geothermal Pilot Project
Partnership of Dravo Corp. and Centennial Energy original owner
Demonstration plant supported by the U.S. Department of Energy; currently not in operation




GEOTHERMAL ELECTRIC POWER PLANTS OPERATIONAL, UNDER CONSTRUCTION, AND PLANNED
IN THE UNITED STATES (Hot Water Plants)

PLANT TYPE FIELD PLANT UTILITY RATED YEAR

'LOCATION ‘ ‘ , , ON
-(State and Site) NAME DEVELOPER OWNER Y CAPACITY
‘ : . <y DTy o h > :
CALIFORNIA Pacific Lighting Energy B Pacific Energy Pacific Energy /Constellation SCE 10 1990
(Contd) - Systems (PLES) Unit I .
Salton Sea Salton Sea.Unit li,.,_ SF California Energy California Energy SCE 10 1982
Salton Sea Unit 2 SF California Energy ~ California Energy _ SCE 185 1990
Vulcap 4 ” DF | (?a)ifomia ‘~ S California Energy, /_Missionf SCE 30 1985 ‘
R - Energy/Mission o .
" Del Ranch . ‘ DF California . ! California Energy /MiSSiO]’lc SCE 34 1988
- Energy/Mission - ‘
Elmore 1 DF - Callfomia . California Energy/Missionc SCE 34 1988
‘ Energy/Mission :
Leathers 1 . o DF California . California Energy /Missionc SCE 34 1989
- Energy/Mission :
Salton Sea Unit3 - DF California Energy ~  California Energy SCE 48 1989 |
Salton Sea Expansior’ DF  CaliforniaEnergy California Energy SCE 34 1996 -
Wendel-Amedée Ce Winezigle Project - - B Wineagle - ‘Wineagle Developers - PG&E - i 1985
Developers ' . '
‘ Formerly developed by Unocal

A renegotiated power purchase agreement combined the Salton Sea I expansion and Fish Lake projects.




IN THE UNITED STATES (Hot Water Plants)

GEOTHERMAL ELECTRIC POWER PLANTS OPERATIONAL, UNDER CONSTRUCTION, AND PLANNED

LOCATION PLANT TYPE FIELD PLANT UTILITY RATED  YEAR
(State and Site) NAME DEVELOPER OWNER CAPACITY ON
(MW) LINE
CALIFORNIA Amedee Geothermal B Trans-Pacific TPG/U.S. PG&E 2 1988
(Cont'd) Geothermal Inc. A
' (TPG)/U.S. Energy
Corp.
Honey Lake Power Facility B" GeoProducts Corp. HL Power Co. PG&E 30 1988
Puna Geothermal Venture1 ~ SF/B OESI - OESI HELCO 25 1993
Beowawe Beowawe DF California Energy California Energy/Crescent SCE 15 1985
(originally Chevron)  Valley Geothermal' : :
Brady-Hazen Desert Peak DF California Energy California Energy (originally SPP 9 1985
(originally Phillips;  Chevron) : ,
more recently ’
Chevron)
~ Brady Hot Springs I DF Brady Power Brady Power Partners SPP 20 1992
7 Partners _ :
Dixie Valley : Oxbow DF Oxbow Geothermal ~ Oxbow : SCE 50 1988
‘ ‘ o  (originally Sunedco; - ” L
_ then Trans-Pacific) R
Lee Hot Springs Lee Hot Springs I B Earth Power Earth Power Resources SPP, 5 1998
o Resources ' ‘ ’ (est)

A hybrid plant using wood waste and geothermal heat; geothermal fluid used only to preheat boiler feedwater
SCE Subsidiary




' GEOTHERMAL ELECTRIC POWER PLANTS OPERATIONAL, UNDER CONSTRUCTION, AND PLANNED
IN THE UNITED STATES (Hot Water Plants)

LOCATION PLANT TYPE  FIELD PLANT UTILITY RATED  YEAR
(State and Site) ~ NAME DEVELOPER OWNER capacrry  ON
(MW) LINE
NEVADA (Contd) e e
San Emidio Desert ~ Empire Geothermal Project B OESI | Empire Geothermal SI.’.PV 3 1987
-Steamboat Springs Sieamboat., | | Geothermal Far West Electric Energy SPP 6.8 1986
Geothermal ] Development Fund,Ltd.
SR T Associates SR
(GDA/OESI) )
Steamboat Geothermal A~ B~ OESI/GDA ‘Far West sep 12 1989
Yankee/Caithness': - - SF Caithness/Sequa Caithness/Sequa SPP 12 1988
Steamboat 2 B Steamboat Steamboat Development SPP 12 1992
‘ S . Development - L .
Steamboat 3 B Steamboat * Steamboat Development SPP 12 1993
e TR E S : Development .. - ) e s 3 .
Stillwater/Soda Soda Lake Geothermal B Chevron Institutional Investors (OESI SPP 27 1987
‘Lake Project Operator)
Stillwater Geothermal I B ‘OESI OESI/Constellation . SPP 13 1989
Project Development/Chrysler Capital :
| ~ SodaLake Il Aot OESI " ° SPP - 13 1990
‘Wabuska™ Wabuska Tad's Enterprises Tad's Enterprises SPP 1.5 1984

Declassified KGRA




GEOTHERMAL ELECTRIC POWER PLANTS OPERATIONAL, UNDER CONSTRUCTION, AND PLANNED

IN THE UNITED STATES (Hot Water Plants)

LOCATION PLANT TYPE FIELD PLANT UTILITY .~ RATED  YEAR
(State and Site) NAME DEVELOPER -OWNER , o ~CAPACITY _ON
NewberryCrater ~ ppapitl’ @~ DF  CaliforniaEnergy  California Encrgy Eugene - - 30 1998 |
L , L " RN Water& - - ‘
Electric;.
- BPA
Roosevelt Hot . - Blundell 1 ' - SF California Energy ~ Utah Power Div. (UPD) of - UPD - 20 1988 |
Springs ' L : Co. (originally - PacificCorp : ' R
‘ ' Phillips;. ' -
subsequently
" Chevron)
Cove Fort- Cove Fort Geothermal No.1 B Mother Earth - City of Provo ~ Utah 2 1985 .
Sulphurdale ' - Municipal '
' Power
. Agency ‘
Cove Fort Steam Plant DS Mother Earth City of Provo Provo 2 1988
- Power Co.
Cove Fort Steam DS Mother Earth City of Provo Provo 7 1989
No.2 Power Co.
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625 Marion, N.E.
Salem, OR 97310

 John Solum ‘ ' o
Utah DepartmentofNaturaI Resources B

Division of Water Rights
1636 West North Temple
Salt Lake City, ut 84116

Tel (503) 378-3194

L Fax: (603) 3737806

" Yel: (801) 638-7406
© Fax: (801) 6387315




STATE RESERVOIR ASSESSMENT PROGRAMS .

ALASKA

CALIFORNIA

IDAHO

MONTANA

NAME

Roman Motyka T
Department of Natural Resources . .
Division of Geological and

Geophysical Surveys o
794 University Avenue, Suite 200
Fairbanks, AK 99709

Eugene Wescott
Geophysical Institute
University of Alaska

PO. Box 757320 .
Fairbanks, AK 99775-7320

Richard Thomas

California Division of Oil, Gas
and Geothermal Resources

Geothermal Section

801 K Street, MS 21

20th Floor

Sacramento, CA 95814-3530

Warren J. Weihiny

Idaho Department of Water Resources
1301 North Orchard, Statehouse Mail
Boise, ID 83720

Georgia Brensdal

Montana Department of
Environmental Quality

Energy Division

1520 6th Avenue, E

Helena, MT 59620-2301

William Sill

Department of Geophysical Engineering
Montana Tech

1300 West Park Street

Butte, MT 59701

Chuck Widemand
Hydrothermal Division
Montana College of Mineral

Science and Technology
Butte, MT 59701

EHONE NUMBER

Tel: (907) 451-5028
Fax: (907) 451-5050

Tel: (907) 474-7576
Fax: (907) 474-7290

Tel: (916) 323-1787
Fax: (916) 323-0424

Tel: (208) 327-7961
Fax: (208) 327-7866

Tel: (406) 444-6697
Fax: (406) 444-6721

Tel: (406) 496-4216
Fax: (406) 496-4133

Tel: (406) 496-4209
Fax: (406) 496-4211



NEVADA

NEW MEXICO

OKLAHOMA

OREGON

UTAH

WASHINGTON

Dennis Trexler

Division of Earth Science
100 Washington Street, Suete 201

Reno, NV- 89503 -

‘Rudi Schoenmackers
Southwest Technology

Development Institute

PO. Box 30001
Department 3-SOL

Las Cruces, NM" 88003-8001

Ken Luza

Oklahoma Geological Survey -
University of Oklahoma

"~ New Mexico State Umverslty

100 E: Boyd, Room N-131
Norman, OK 73019-0628

lan Madin

State Departrhent of Geology

and Mineral Industries

1831 First Street

Baker City, OR 97814-3442

 Robert Blackett

Utah Geological Survey
2363 S. Foothill Drive

Enc Schuster

Department of Natural Resources
Division of Geology and Earth Resources

PO. Box 47007

~ Salt Lake City, UT 84109

- Olympia, WA 98504-7007

Tel: (702) 784-6151
Fax: (702) 784-4549

‘Tel: (505) 646-1846

Fax: (505) 646-2960

Tel: (405) 325-3031
Fax: (405) 325-3180

. Tel: (541) 523-3133

Fax: (541) 523-5992

Tel: (801) 467-7970
Fax: (801) 467-4070

“Tel: (206) 802-1451

Fax: {206) 902-1785
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