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EXECUTIVE SUMMARY

The Gee-Heat Center was established in 1975 as the result of an international conference held on the Oregon
Institute of Technology (OIT) campus in 1974. Funding for its operation has been provided by the Pacific
Northwestern Regional Commission, California Energy Commission, State of Oregon and the U.S.
Department of Energy. The current financial assistance award from USDOE begin on September 26,1990
and ended on March 31, 1999. The USDOE portion of the funding for this award was $2,655,000 with

$378,805 in matching funds from OIT, for a total of $3,033,805.

The objectives of this most recent award were to obtain increased utilization of the large low-to-moderate
temperature geothermal resource base by providing users with: (1) direct-use geothermal project technical
and development assistance that offered preliminary system desigrdeconomic analysis, equipment./material
selection, solutions to operational problems and information/data on resources; (2) research to address
current industry needs in the area of cost containment, equipment performance/application and system
design, and (3) information, educational materials and services to stimulate development through the
publication of an industry quarterly Bulletin, handbooks, presentations, sof~are, website and geothermal
libra~.

During the period of this award, the Gee-Heat Center had five professional staff members and two office
personnel. We normally operate with three staff members and one office manager. Two professional staff
members retired during this period.

Over the 8.5 years of this award, the Gee-Heat Center staff responded to almost 4,400 inquiries. These
requests for information and assistance increased from 285 in FY91 to almost 1,000 in FY98. the largest
increase in requests occurred after the creation of our web site and access to the Internet in mid-1996.
International responses increased from less than 10 per year to around 80 at present. The international
contacts amount to about 15°/0 of our monthly numbers. The largest catego~ of requests is in the area of
Geothermal Heat Pumps (28’%o),followed by General at almost 2 1.5’Yo,and Resource/Wells at 147.. General
responses include requests for maps, requests from primary and secondary school, and university students
for assistance with reports and term papers, and information on statistics on geothermal use. Environmental
information and comparisons with other energy sources are also included in this category.

The Gee-Heat Center staff prepared and published information and educational material on direct-heat
applications of geothermal energy that include: the Quarterly Bulletin, technical papers, computer programs,
website information, and progress monitor activities (called the Pipeline in the Bulletin). In addition, a
geothermal technical library, and tours of geothermal facilities in the Klamath Falls area were made available
to the public. We also revised and printed a 454-page Geothermal Direct-Use Engineering and Design
Guidebook for use by engineers, designers and developers of geothermal projects.

Thirty issues of the Gee-Heat Center Quarterly Bulletin, containing 151 articles, were mailed to
approximate] y 1,700 domestic and 400 international subscribers during this period. Outside the Loop

newsletter, written for engineers and designers of geothermal heat pumps syste~ was started in cooperation
with the University of Alabama and is now mailed to over 750 subscribers. The GHC webpage,
www.oit.edu/-geoheat, containing over 2,000 files, had 100,000 hits and 10,000 users per month.
Approximately 74!40of the user sessions were domestic and 11 ‘%ointernational (15’XOunknown). During the
8.5 years of the award we mailed or gave out 10,382 publications, the majority of which were on general
topics. The GHC library consists of 5,644 papers, reports, journals and books.
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The Gee-Heat Center received the Geothermal Resources Council’s Geothermal Achievement Award in
1993, and two staff members, Paul Lienau and John Lund received the Geothermal Pioneer Award from
GRC in 1997. Staff members have been active in various geothermal professional organizations, including

the Geothermal Resources Council (GRC), the International Geothermal Association (IGA), the American
Society of Heating, Refrigeration and Air-Conditioning Engineers (ASHRAE), the Society of Mechanical
Engineers (ASME) and the American Society of Testing and Materials (ASTM). Members have also
assisted USDOE, Office of Geothermal Technologies with numerous projects, the most important being the
Implementation Plan for the Geothermal Energy Program - Geothermal Direct- Use Applications - 10-Year

Action Plan. At the recent USDOE Geothermal Program Review, the Peer Review Evaluation of our report
on Direct-Use Projects at the Gee-Heat Center 1998, received a score of 8.7 out 10 possible and was ranked
3’dhighest out of 37 presentations.

During the period of the award, staff members made 145 oral presentations, had published 170 separate
technical papers, completed 28 applied research projects and gave 108 tours of local geothermal installations
to 500 persons.
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INTRODUCTION

Backmound and Historv of the Gee-Heat Center

The beginning of the Gee-Heat Center (GHC) can be traced to an international conference held on the direct-

use of geothermal energy held on the Oregon Institute of Technology (OIT) campus in October of 1974. The
meeting was organized to review direct-use (then called non-electric), multipurpose uses of geothermal
energy in Hungary, Iceland, New Zealand, U.S.S.R. and the United States. As far as we can determine, this
is the first geothermal conference devoted entirely to direct-use held in the U.S. As a result of the conference
and interest in the need to exchange and disseminate information on low- to moderate-temperature resources
and their utilization, the Gee-Heat Utilization Center (later changed to Gee-Heat Center) was established in
1975.

Initial funding was provided by the Pacific Northwest Regional Commission (PNRC), a branch of the
Executive Department of the Governors of the states of Oregon, Washington and Idaho. Later, funding was
provided by the U.S. Department of Energy. The current financial assistance award, which began on
September 26, 1990 and ended on March 31, 1999, was authorized under Public Law 93-40 Geothermal
Research, Development and Demonstration Act of 1974 for Renewable Energy Research and Development.
The project title is: Geothermal Direct-Heat Utilization Assistance, and the Instrument No. is: DE-FG07-
901D13040.

The current Mission Statement of the Gee-Heat Center is:

The Gee-Heat Center provides services to consultants, developers, potential users and the general

public on the development and operation ofprojects involving the direct-use of geothermal energy.
These services are in the form of free technical assistance (engineering and economic), resource
information, tours of local geothermal facilities, publications and general information on
geothermal energy. The Center also performs applied research in the development and use of
geothermal energy related to space heating and cooling, district heating, greenhouse heating
systems, aquiculture pond heating, industrial applications, and geothermal (ground-source) heat
pump systems.

The Long Term Goals of the Gee-Heat Center are:

The Gee-Heat Center will encourage and promote the use of geothermal energy for direct-use
applications nationally, in order to develop a domestic energy source, independent of imported fuels,

and to contribute to the reduction of greenhouse gases and other pollutants associated with fossii
fuels. The Center will also assist in the promotion and development of international direct-use
projects to promote the use of U.S. goods and services, as well as contribute to the energy stability

and environmental well being of these countries.

Trends and Status of Direct Utilization

Direct utilization of geothermal energy refers to the immediate use of the heat energy rather than to its
conversion to some other form such as electric energy. The primary applications of direct-use include:
heating swimming pools and baths along with balneology (therapeutic use), space heating and cooling
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including district heating, for agriculture (mainly greenhouse heating and some animal husbandry), for
aquiculture (mainly fish pond and raceway heating), industrial processes including crop and food

dehydration, and geothermal or ground-source heat pumps.

In general, the geothermal fluid temperatures required for direct heat use are lower than those for economical
electric power generation, as direct-use applications can use geothermal fluids in the low- to moderate-
temperature range between 120° and 300° F (50° and 150° C), and in general, can be exploited by
conventional water well drilling equipment. Low-temperature resource systems are also more widespread
than high-temperature resource systems (above 300° For 150° C); so they are more likely to be located near
potential users. In the U. S., for example, of the 1,350 known or identified geothermal systems, 5?40are above
300° F (150° C), whereas 85!40are below 195° F (9V C) (Muffler, 1979). In fact, almost every country in
world has some low-temperature systems; while only a few have accessible high-temperature systems.

The current worldwide installed capacity of direct geothermal utilization is over 8,000 MWt, excluding
geothermal heat pumps, and the energy use is about 100 trillion Btu/yr (29,000 GWh/yr), distributed among
38 countries. This amounts to saving an equivalent 23.6 million barrels (3.5 million tonnes) of fuel oil per
year. The installed capacity in the U.S. is approximately 600 MWt, excluding geothermal heat pumps, and
the annual energy use is 6.3 trillion Btu (1 ,840 GWh), equivalent to saving 1.5 million barrels (0.22 million
tonnes) of fuel oil per year (GHC 1998 data ). In the U. S., geothermal heat pumps add 11.5 trillion Btu’s
(3,360 GWh), equivalent to saving an additional 2.7 million barrels (0.40 million tonnes) of fuel oil per year
(GHC 1998 data). This gives a total installed capacity of 2,200 MWt and annual use of 17.8 million Btu
(5,200 GWh) for the U.S. This assumes a load factor of 0.35 for direct-use and 0.24 for heat pumps.
International data of geothermal heat pumps are not reliable at this point, but will be collected and reported
in detail at the World Geothermal Congress 2000 in Japan.

Internationally, the largest energy use is for space heating (3 8%) (3/4 of which is due to district heating), for
swimming, bathing and balneology (220/0), and for greenhouse heating (160/o); whereas, in the U. S., the
largest applications are for bathing and swimming (25’XO),aquiculture (25’XO)and space heating (22%). This
distribution of energy use among the various types is shown by percentage in Figure 1 for the entire world,
and for comparison, the U.S. (GHC 1998 data).

Over the period covered by this USDOE contract (1990 to 1998, or about eight years), geothermal direct use
in the U.S. has increased from an installed capacity of about 400 MWt to 600 MWt and an annual utilization
from 4.8 trillion Btu’s to 6.3 trillion Btu’s (1,4 10 GWh to 1,840 GWh). Including geothermal heat pumps,
the corresponding numbers are 1,400 MWt to 2,200 MWt and 10.2 trillion Btu’s to 17.8 trillion Btu’s (3,000
to 5,200 GWh), This amounts to an approximate annual growth rate of 8°Aover the eight year period, 3.5’3’0
for direct-use and 10?40for geothermal heat pumps. The growth of geothermal direct-use in the U.S. from
1975 to 1998 is shown in Figures 2 and 3- the latter including geothermal heat pumps.
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Scope of the Proiect

The objectives of this project were to obtain increased utilization of the large low-to moderate-temperature
geothermal resource base by providing users with: (1) direct-use geothermal project technical and
development assistance that offered preliminary system design/economic analysis, equipmentlmaterial
selection, solutions to operational problems and information/data on resources; (2) research to address
current industry needs in the areas of cost containment, equipment performance/application and system
design, and (3) information, educational materials and services to stimulate development through the
publication of an industry quarterly Bulletin, handbooks, presentations, software, web site and geothermal
library.

The technical assistance program was designed to augment, but not compete with private engineering firms
and developers, offered technical support for system design, equipment selection and trouble shooting for
geothermal systems. This program placed the unique technical expertise of the Center’s staff at the disposal
of designers around the country. A maximum of eight hours of staff time could be allocated to a single
project.

Research and development tasks were carefully conceived to address current industry needs in both the
direct-use and geothermal heat pump arena. These projects ranged from analyzing failures and suggesting
remedial actions for down-hole pumps to providing a user’s guide for persons interested in developing an
aquiculture project. A list of specific research projects are presented under Section III, Discussion of
Accomplishments.

A major obstacle to wider use of geothermal energy is lack of awareness of the potential and how to best use
the resource. The Center’s outreach program addressed this issue with a variety of information sources.
These included an industry Quarterly Bulletin with over 2,000 subscribers, a Geothermal Direct-Use
Engineering and Design Guidebook (3’d edition), general informational and technical papers, software, an
Internet website (http: ihww.oit.edtd-geoheat) and a geothermal technical library consisting of over 5,600
papers, reports and books. Center staff also made numerous presentations to a wide-range of general and
technical meetings, both domestically and internationally.

Fundinp History

The original contract period for Instrument No. DE-FG07-901D13040 was from 09/26/90 to 09/30/00,
however, due to changes directed by Congress, the contract was ended on 03/3 1/99 with funding available
to complete the final report during April, 1999.

The original total estimated cost of the project was $3,037,000, however with the contract terminated on the
earlier date, the estimated cost was reduced to $2,617,000. The annual fiscal year funding award from
USDOE varied between $300,000 and $400,000 during the contract period. The Oregon Institute of
Technology cost share over this same period was budgeted at $378,805 which varied from 10.0% to 14.3%
for an average of 12.5?4.. Not all of the funds from each annual award were obligated by the Gee-Heat
Center, thus funding for FY99 from 10/01/98 to 03/3 1/99 was from the unpaid obligation of $262,806. A
summary of the funding award and OIT match is presented below for each tiscal year.
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Fiscal Year USDOE funding share OIT matching share

FY91 $375,000 $62,796
FY92 300,000 50,058
FY93 300,000 50,058
FY94 300,000 50,058
FY95 300,000 50,058
FY96 300,000 33,333
FY97 380,000 38,000
FY98 400,000 44,444
FY99 (%year) (unpaid obligation fi-mds)

TOTAL $2,655,000 $378,805

TOTAL

$437,796
350,058
350,058
350,058
350,058
333,333
418,000
444,444

$3,033,805

The final totals are estimated to be slightly less since not all of the unpaid obligation funds maybe utilized
by the time this final report is completed.

Gee-Heat Center Management Structure and Personnel

The Gee-Heat Center operation is supervised by two separate agencies; (1) the Oregon Institute of
Technology and the Oregon University System under the State of Oregon , and (2) the U.S. Department of
Energy, Office of Geothermal Technologies. Contract administration was through USDOE-Idaho. Since,
the Center staff are employees of the State of Oregon, payroll and fringe benefits, travel rates, and
promotions are managed by Oregon Institute of Technology, as well as seeing that the Center adheres to
Oregon University procedures and Oregon State Law. The U.S. Department of Energy through the Contract
Department and the Office of Geothermal Technologies obligates the funds and approved the annual work
tasks and schedule. They also see that federal policies and regulations are followed.

During the period of this contract, the Gee-Heat Center has had a staff of between three and four
professionals and one to two classified employees. In addition, the Center contracted with various western
state energy or geology departments to carry out an inventory of low-temperature geothermal resources in
their respective states (funded by a separate contract). During this same time two international professionals
worked at the Center for periods of six months to a year, funded by outside agencies: Michael Dunstall on
sabbatical leave from the Geothermal Institute at the University of Auckland, New Zealand ( 1990), and Arni
Ragnarsson, funded by a Fulbright Fellowship, from the National Energy Authority, Reykjavik, Iceland
(1998).

Gee-Heat Center staff during period 1990 to 1999 consisted of the following:

Paul J. Lienau, Director 1990 to 1997 (retired)
John W. Lund, Research Associate, 1990 to 1997 (part time), Director 1997- present
Gene Culver, Associate Director, 1990 to 1994 (retired)
Kevin Rafferty, Research Associate, 1990-1994, Associate Director, 1994 to present
Tonya “Toni” Boyd, Research Assistant, 1995- present
Donna Gibson, Office Manager, 1990- present
Victoria de Omelas, Office Specialist (part time), 1998- present
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Stakeholders

The individuals, companies or organizations that benefited from the information dissemination, technical
assistance, and research activity of the Gee-Heat Center varies with the type of direct-use activity. However,
most of the requests for assistance or for information came from individuals and small companies, unlike the
larger corporations that are involved in geothermal electrical power projects. The only large organizations
that utilized our assistance, were mainly state and federal governmental units, some greenhouse operators

and international contacts for food and grain dehydration applications. The details of activities can be found
in a paper by Kevin Rafferty (1998) titled Recent Direct-Use Technical Assistance Activity, published in

GHC Bulletin, Vol. 19, No.4, pp. 1-3, and included in the Appendix of this report. A summary of this paper,
which details mainly activity over the last two years, follows.

General requests for information, consisting of about 20?4. of our activity were related to giving tours of
geothermal facilities by the Center staff, information requests related to geothermal statistics, project
locations, and the growing area of email requests from primary, secondary and university students for help
with term papers and research projects. Statistical and project information requests came mainly from local,
state and federal agencies, whereas the remainder came from the general public.

Geothermal heat pump (GHP) requests for assistance constituted almost 30’XOof the Center’s recent volume
and were almost all by email. Approximately 800/. of the requests related to residential systems, with a
typical contact being an individual planning a large (2,500 to 6,000 sq. ft.) home in a rural setting in a
moderate-to-cold climate. This suggests that our activity in this area was an accurate reflection of the niche
market currently served by GHP systems in the residential sector.

Requests for information on resorts and spas, amounted to over 15!4. our activity in the last two years, but
only about 30/0 over the eight-year period, were virtually all related to expansion and repair of existing
resorts, pools and similar facilities. During this two-year period, only one new resort project was initiated,
located in the state of Washington and which is now under construction.

Power generation requests were generally of two types. The first involved questions about a particular
project or level of development in a particular state. The second, and much more common type of power
generation request, was project related. The typical case involved an individual who has a geothermal
resource on his property and needs information about how to go about generating electricity. These requests
often came for owners of greenhouse operations or other commercial development where they want to
generate their own electricity for running pumps and other electrical equipment, and then hopefully sell
excess power to the local utility. Unfortunately, most of the resources available were low temperature
(around 200° F ( 100° C)) and thus not economically suitable for power generation, as the efficiency is too
low (parasitic power requirements are very high) and the cost per installed kilowatt is high.
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Space heating inquiries came mainly from individual home or building owners, with about 25% related to
existing projects, almost 500/. related to new projects and the remaining from international contacts or
requests for just general information. Those inquiries concerning existing projects were primarily related
to maintenance, repair and equipment replacement issues for operating systems. Questions concerning new
projects are related to equipment selection, feasibility, cost and resource development. Non-project
questions .ame from technical grou;)s such as ASHRAE and governmental agencies.



Approximately 107. of the contacts concerning aquiculture were related to existing operations and involved
the raising of warm-water fish species. The bulk of aquiculture contacts (over 60Yo) were related to the
development of new projects. These latter inquiries came from small firms or individual land owners who
were mainly interested in raising tilapia or Malaysian prawns.

The majority of greenhouse inquiries were requests for assistance involving new project development (about
60’Yo),whereas assistance with existing projects (20’XO)were most often related to equipment replacement
or maintenance. Again the inquiries came from small firms or individual land owners, however, we did get
and occasional request fi-om large greenhouse operators of over 20 acres, such as in Utah and New Mexico.

Industrial inquiries were low, as these applications, such as geothermal uses for dehydration, gold extraction
and refrigeration are large scale and involve substantial investments. Thus, these applications are limited
in the U. S., however, we did get many requests from international contacts, mainly from developing countries
in Latin American and SE Asia where governments or firms were interested in dehydration of grains and
food products.

General Accomplishment and Benefits

Over the period of this contract, the Gee-Heat Center staff responded to almost 4,400 inquiries. These
requests for information and assistance increased from 285 inFY91 to almost 1,000 in FY98, and this trend
appears to be continuing into FY99. The largest jump in requests occurred after the creation of our website
and access to the Internet in mid-1996. International responses increased from less than 10 per year to
around 80 at present

One of the main benefits of our activities was the education of the general public on the benefits of using
geothermal energy. These groups ranged from service organizations to school students, all who now have
abetter understanding of what geothermal energy is and what it can do to contribute to our domestic energy
use and reduce the emission of greenhouse gases such as SOXand COZ.

Prior to this contract, the staff was authorized to offer up to 64 hours of technical assistance per project.
Thus, we were able to provided significant detailed project analysis and design for the client. Under the
current contract we can onl y provide up to eight hours of technical assistance per project, which ord y permits
time for a preliminary economic and engineering feasibility analysis. If the project looks promising base on
this analysis, we then are able to recommend that they hire a suitable engineering firm to do the detailed
design and specifications. We maintain a list of consultants and equipment suppliers that is available to the
public.

It is obviously difficult to track the success or failures of projects to which we provide some form of
technical assistance, and to determine if the Center made a difference. Over half of the technical assistance
inquiries are related directly to a specific project, most of which are existing ones, and our limited feedback
indicates that we have helped to improve these or encourage new ones. This is especially true for geothermal
heat pump projects, for which we got daily inquiries. Three of the larger projects that we provided positive
assistance or suggestions for improvements were the geothermal resource utilization for a large greenhouse
complex in Utah, a mini-heating district in northern California (Canby), and helping a district heating proj ect
through the planning stages at a ski Icsort in eastern California (Mammouth). All of these projects are still

ongoing.

7



Our applied research projects were undertaken to help users solve or avoid problems associate with the
development and use of geothermal energy. These projects included, as examples, studies of the
environmental effects of well pump oil, design and evaluation of brazed plate heat exchangers, and the use
of silica from waste geothermal fluids for manufacturing a low cost and highly insulating brick. In addition,
user guides were prepared for homeowners installing geothermal heat pump systems, and for developers of
aquiculture and greenhouse projects. The heat pump guide is also available from our website, and is the
most popular publication requested.

Deliverables

During the time of this contract, 24 monthly reports (9/90 through 9/92) and 26 quarterly reports (10-12/92
through 1-3/99) were written and submitted to USDOE.

DETAILS OF THE ACCOMPLISHMENTS

Technical Assistance

During the eight-and-a-half years of the contract the Center staff responded to 4,371 requests for assistance.
For the first five-and-a-half years number of request averaged 344 annually. With the advent of our web site
and email address in April, 1996 (mid-FY96), the inquiries have increased at a rate of 50?4. per year to 949
for FY98. We only have six-months data for FY99, but the trend appear to be still increasing with 290
inquiries for January through March of 1999. We have had inquiries from every state in the Union including
the District of Columbia and U.S. territories, and approximately 100 different countries. Our international
contacts amount to about 150/. of our monthly numbers. A graphical representation of inquiries by fiscal

Technical Assistance

year is shown in Figure 4.
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Figure 4. Technical assistance inquiries/responses by fiscal year.

Over the course of the project, the majority of inquiriesh-esponses have been for Geothermal Heat Pumps
(GHP) at 24!%., with the second most popular area being General at almost 19%, and the third,
ResourcesiWells at 16Y0. . The distribution of all inquiriesh-esponses by category is shown in Figure 5.
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Industrial(2.61%)
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Figure 5. Distribution of inquiries/responses by category Oct. 1990 to Mar. 1999.

If we look at the most recent trends in inquiries/responses, since the advent of our use of email, the
percentage distribution changed so that Geothermal Heat Pumps (GHP) is still the largest category at 28Y0,
followed by General at almost 2 1.5?i0and Resource/Wells at 14’?4..The categories of Greenhouses, District
heating and Space Heating have all decreased by about two percentage points, however, their total number
have increased during this last three-year period. The distribution on the past three years is shown in Figure
6. Technical assistance in the Geothermal Heat Pump category are mostly for individual homeowners
installing systems, where as the Greenhouse category involves larger projects and those the potential for
more energy “one-line” per individual project. The same is true for the Aquiculture technical assistance
activity - larger individual projects. To assist in the areas of GHP, greenhouse and aquiculture projects, we
have developed user guides that answer many of the typical questions posed by these inquiries. Rather than
spend time answering basis questions, we send them a copy of these publications (the GHP guide is also
available on our website), and then discuss their projects after they have become better informed on the
subject.

General (21 .42%)

~

Resort/Pool (4. 12% -

Snowmelt (0.65?L0
Industrial (2. 16%)

&GHP (26.07%)

‘Resourc@Well (14. 12°L)

Figure 6. Distribution of inquiries/responses by category Mar. 1996 to Mar. 1999.
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The General category of inquiriesh-esponses is hard to quantify, as it includes requests for maps, requests
from primary and secondary school, and university students for assistance with reports and term papers, and
information on statistics on geothermal use. Requests for environmental information and comparisons with
other energy sources are included in this category.

Technolow Transfer

The Gee-Heat Center staff prepared and published information and educational materials on direct-heat
applications of geothermal energy that included: the Quarterl y Bulletin, technical papers, computer programs,
website information, and progress monitor activities (called the Pipeline in the Bulletin). In addition, a
geothermal technical library, and tours of geothermal facilities in the Klamath Falls area were made available
to the public. The printed materials were distributed free of change upon request. The one exception was
a charge of $50.00, plus postage, for the Geothermal Direct-Use Engineering and Design Guidebook. This
payment goes into a fund for revising and/or reprinting this publication.

1. Quarterly Bulletin

Thirty issues of the Gee-Heat Center Quarterly Bulletin were issued during this contract, starting
with Volume 12, No. 4 and ending with Volume 20, No. 1 (Paul Lienau and John Lund, co-editors
through 18/2, John Lund, editor starting with 18/3). Each issue had approximately five articles
(ranging from one to nine) consisting of 24 to 40 pages of material. The December 1990 (12/4) issue
was mailed to 1692 domestic and 279 international subscribers. The March 1999 (20/ 1) issue was
mailed to 1691 domestic and416 international subscribers. The number of international subscribers
has gradually increased with time, and domestic ones remained constant with approximately 5 to 10
names being dropped and/or added each quarter. A total of 151 acticles along with the Geothermal
Pipeline were published with over half of the Bulletin articles(81) written or co-authored by Geo-
Heat Center staff.

The general theme and number of articles for each issue areas follows (not all the articles were on
the theme of each issue):

12/4 (Dec. 1990): Geothermal Enhances Heap Leaching (5 articles)
13/1 (Jan. 1991): Reservoir Models and Geochemistry (3 articles)
13/2 (Apr. 1991 ): Geothermal Aquiculture (5 articles)
13/3 (Aug. 199 1): The Geysers (2 articles)
13/4 (Dec. 1991 ): Growth of Hitaveita (3 articles)
14/1 (Apr. 1992): Geothermal (Ground-Source) Heat Pumps (3 articles)
14/2 (Aug. 1992): Boise -100 Years (3 articles)
14/3 (Dec. 1992): Development of Direct-Use in the U.S. (1 article)

(also included a comprehensive index 1975-1992)
14/4 (Mar. 1993): Spas and Balneology in the U.S. (9 articles)
15/1 (Aug. 1993): Geothermal in Ancient Times (5 articles)
15/2 (Nov. 1993): Plate Tectonics and Geothermal Resources (5 articles)
15/3 (Mar. 1994): Geothermal Heat Pump Installations in Schools (5 articles)
15/4 (Jul. 1994): Geo~hmnal Food Dehydration -NV and CA Resources (6 articles)
16/1 (Nov. 1994): Geothermal Greenhouses (6 articles)
16/2 (Feb. 1995): Center Research Activities (5 articles)
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6/3 (Jun. 1995): Highlights fi-om the World Geothermal Congress (4 articles)
6/4 (Oct. 1995): Gee-Heat Center’s 20*hAnniversary (5 articles)
7/1 (Feb. 1996): World Geothermal Direct Use Update (4 articles)
7/2 (May 1996): Beppu Jigokus (6 articles)
7/3 (Aug. 1996): U.S. Geothermal Projects and Resource Areas (5 articles)

17/4 (Nov. 1996): Geothermal Energy In Iceland (7 articles)
18/1 (Jan. 1997): Factors Influencing Greenhouse Heating (5 articles)
18/2 (Apr. 1997): Geothermal Heat Pumps (3 articles)
18/3 (Aug. 1997): Geothermal District Heating (6 articles)
18/4 (Dec. 1997): South Dakota Geothermal Uses (7 articles)
19/1 (Mar. 1998): Geothermal Direct-Use Equipment (6 articles)
19/2 (Jun. 1998): Gee-Heat Center (4 articles)
19/3 (Sep. 1998): New Zealand Geothermal (9 articles)
19/4 (Dec. 1998): GHC Technical Assistance and International Activities (6 articles)
20/1 (Mar. 1999): Oregon and California - Direct-Use in Action (8 articles)

2. Outside the Loop Newsletter

In January 1998, the Gee-Heat Center in cooperation with the University of Alabama, Mechanical
Engineering Department (Kevin Rafferty and Steve Kavanaugh, co-editors) began preparing and
writing the Outside the Loop newsletter. This is a free quarterly publication for geothermal heat
pump designers and engineers and presently has a subscription list of approximately 750. It is also
partially funded by the Geothermal Heat Pump Consortium. To date four issues of eight pages each
have been published (Vol. 1, No. 1- April 1998 through Vol. 2, No. 1- March 1999). The following
topics are covered in each issue:

General Background Information
Design Issues and Tools
Fundamentals: Mother Nature Can Be a Wonderful Partner
Products, Services, and Installation Innovations
Cost and Performance of Ground Source Heat Pump Buildings
Letter, Comments, Questions, & Suggestions
Publications, Information Sources, and Meetings

All the issues are also available on the Gee-Heat Center Webpage.

3. Gee-Heat Center Webpage

The Gee-Heat Center provides a webpage, started in February, 1996, consisting of over 2000 files,
including all articles from the Quarterly Bulletin since Vol. 16, No. 4. Links are providedto21 other
geothermal and energy websites, including:

Geothermal Technologies - USDOE
U.S. Department of Energy - Geothermal Energy Technical Site
Geothermal Education Office
International Geothermal Association
Geothermal Resources Council
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Geothermal Energy Association
Southern Methodist University Geothermal Laboratory
DOE Energy Efficiency & Renewable Energy Network

S.E. Geysers Wastewater Recycling System
Energy Systems Lab Home Page
Electric Power Research Institute
IGSHPA - International Ground Source Heat Pump Association

GHPC - Geothermal Heat Pump Consortium
California Energy Commission
World Geothermal Congress 2000
Virginia Tech Geothermal Data WWW Page
National Renewable Energy Laboratory
Association of Federal Technology Transfer Executives
Arizona Aquiculture
American Tilapia Association
Hot Dry Rock Geothermal at Los Alamos National Laboratory

The Gee-Heat Center webpage is htt~:/iwww.oit. edu/-~ eoheat and the general email address is:

ueoheat@oit.edu. The majority of our technical assistance requests comes through this email
address.

At the end of March, 1999, the typical webpage usage was as follows:

Total user per month: 10,000 Average users per day: 330
Total hits per month: 100,000 Average hits per day: 3,300

User sessions from the U.S. 74%
User sessions, international: 11‘XO
Unknown users: 15’%0

International users, by the top countries, included: Canada, United Kingdom, Japan, Germany,
Australia, Iceland, Australia, Singapore, Netherlands, Mexico, Philippines, New Zealand, Sweden
and Italy.

In addition to carrying the Bulletin, and a geothermal newsletter for geothermal heat pumps
designers and engineers, Outside the Loop, the webpage also has data available on the 271 collocated
resources in ten western states and data on all the direct use sites in the U.S. (approximately 1,500
locations), and has the GHP Owner Informational Survival Kit available. The Survival Kit, recent
Bulletins, a paper on Direct Heat Utilization, and Outside the Loop newsletters have all been

converted to PDF files so that can be downloaded.

4. Literature Distribution

Almost daily, we would get requests for various papers and reports, either via email, regular mail,
phone or by drop in visits. The majority of these reports and papers were written by Gee-Heat
Center staff in connection with a research projector paper presented at a technical meeting. A few
were written based on frequent inquiries for a specific source of information, such as on geothermal
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heat pumps or general direct use overview. During the eight-and-a-half years we mailed or gave out
10,382 publications for an average of about 100 per month. This rate has increased from about 50
publications per month to most recently about 160 per month. This is in addition to our website
information. In the past year 29°/0 of the publications hand out were on general topics, 27°/0 on
geothermal heat pumps, and 14% on resource/wells. All of the remaining topics were each less than
10’ZO.

5. Library

The Gee-Heat Center library consisted of about 4,100 papers, reports, journals and books in 1990
and now amount to 5644 publications. We have thus gained about 170 publications per year.
Initially we would loan out material from the library, but due to losses we had to stop this practice.
We now will make copies of shorter articles or reproduce pages from larger volumes, when
requested. Visitors are also welcome to visit the Center and use material on site. A conference room
is available for short term research projects. Our library is also referenced by the Geothermal
Resources Council library reference search webpage.

6. Staff Professional Involvement and Recognition

The Gee-Heat Center received the Geothermal Resources Council’s GeothermalAchievement Award
in 1993 in “recognition of an outstanding service to the geothermal community through education,
and promotion of the direct-uses of geothermal energy.”

Paul Lienau, the former director, was involved with the Geothermal Resources Council, the local
Klamath Geothermal Advisory Council and the Klamath County Economic Development
Committee. He was active at the Geothermal Resources Council annual meetings, as a speaker with
some of their workshops and training courses, and as a field trip organizer and guide He received
the Geothermal Pioneer Award from GRC in 1997.

John Lund, the current director, was active with the Geothermal Resources Council as a member of
the Board of Directors since 1976. He has been chair of the Education Committee, Vice President
and currently the President Elect for the period 2001-2002. He has been active at the Geothermal
Resources Council annual meetings, as a speaker with some of their workshops and training courses,
and as a field trip organizer and guide. He also received the Geothermal Pioneer Award from GRC
in 1997. Lund has also been a member of the Board of Directors of the International Geothermal
Association (1992-1 998) and was the Association Treasurer from 1995-1998. He was a member of
the Information Committee as a correspondent for the IGA News. He has lectured at the Geothermal
Institute, University of Auckland as a visiting honora~ lecturer (1995) where he received the
Mitsubishi Fellowship Award, and was the invited visiting lecturer at the United National
University, Geothermal Training School, Reykjavik, Iceland (1997). He reviewed papers and was
the chair of the Direct Use Session and co-chair of the Historical Session at the World Geothefial
Congress 1995 in Florence, Italy. He is a registered professional engineer in Oregon and California.

Kevin Rafferty, the current associate director, has been active on two American Society of Heating,
Refrigm-ation and Air-Conditioning Engineers (ASHRAE) committees ( 1) as chair and vice-chair
of Technical Committee (TC6.8) on Geothermal and on the Special Publications and the Handbook
subcommittees, and also responsible for Short Courses and Professional Development Seminars; and
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(2) as a member of Technical Committee (TC6.2) on District Heating and Cooling, and involved
with the Handbook subcommittee. He was also a member of the Technical Review Committee for
the first ASHRAE Design Manual on Ground-Source Heat Pumps. He was a member of the First

Cost Competitiveness Committee for the Geothermal Heat Pump Consortium, and a member of the
Training and Groundwater Interest Groups committees for the International Ground-Source Heat
Pump Association (IGSHPA). Rafferty was also on the editorial board for the Journal of Geothermal

Science and Technology and the National Groundwater Association Committee to write the
guidelines for the Construction of Vertical Boreholes for Closed Loop Heat Pump Systems. He is
a registered professional engineer in Oregon and California.

Gene Culver was active in professional society’s geothermal groups, twice serving as chairman of
the Geothermal Technical Committee (TC6.8) and a member of the District Heating Committee of
ASHRAE. He was a member of the geothermal task group of the American Society of Mechanical
Engineers (ASME) and also a member of the geothermal task group of the American Society of
Testing and Materials (ASTM). He was a member of the USDOE Geothermal Division Industry
Advisory Team, the USDOE/HUD Blue Ribbon District Heating Committee, the USDOE
Geothermal Coordinating Groups (“Ogle Committee”), and the USDOE Topical Review Committee.
He was also a member of the Geothermal Resources Council (GRC) where his responsibilities have
included reviewing low- and moderate-temperature papers for presentation and publication by GRC.

Tonya Boyd was active with the Geothermal Resources Council and the International Geothermal
Association as a member and assisted with some of their meetings and conferences. She is currently
an Engineer-in-Training, having passed the Fundamental of Engineering Exam - a step towards
registration as a professional engineer.

Members have also assisted USDOE, Office of Geothermal Technologies with numerous projects,
the most importing being the Implemental Plan for the Geothermal energy Program - Geothermal
Direct- Use Applications - 10- YearAction Plan. At the recent USDOE Geothermal Program Review,
the Peer Review Evaluation of our report on Direct-Use Projects at the Gee-Heat Center 1998,
received a score of 8.7 out of 10 possible and was ranked 3rdhighest out of 37 presentations.

7. Staff Presentations

The Gee-Heat Center staff made a total of 145 oral presentations to general audiences and at
technical meeting/seminars/workshops/training course from October 1990 through March 1999.
Approximately half of these were formal papers that were then published in proceedings, and a total
of 34 were given internationally. These averaged 17 per year and were distributed as follows:

1990: 4 1995:12
1991:17 1996:25
1992:17 1997:19
1993: 6 1998:29
1994: 5 1999:11
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The number of presentations by individual staff members, averaged over four per year, and were as
follows:

John Lund: 42
Kevin Rafferty: 37
Tonya Boyd: 29 (started in January of 1995)
Paul Lienau: 25 (retired in July of 1997)

Gene Culver: 12 (retired in December of 1994)

A list of the oral presentations, where presented and the name of the presenting staff member is
given by year in Appendix A.

8. Staff Publications

The main publication that the Gee-Heat Center staff has written is the Geothermal Direct-Use
Engineering and Design Guidebook. The original edition was first issued in 1989, the 2ndedition
in 1991 (both edited by Ben Lunis and Paul Lienau) and the 3’dedition in 1998 (edited by John Lund,
Paul Lienau and Ben Lunis). The Guidebook is designed to be a comprehensive, practical reference
guide for engineers and designers of geothermal direct-use projects. These projects include the
conversion of geothermal energy into space heating and cooling of buildings, district heating,
greenhouse heating, aquiculture pond and raceway heating, and industrial processing. Every chapter
was completely revised for the 3rdedition, which consists of 460 pages bound with a spiral binding
for ease of use. Gee-Heat Center staff wrote or co-authored 16 of the 19 chapters. Formatting and
graphic layout were done by our office manager, Donna Gibson and Tonya Boyd. The chapters
include:

Introduction
Examples of Direct-Use Projects
Nature of Geothermal Resources
Exploration for Direct Heat Resources
Geothermal Fluid Sampling Techniques
Drilling and Well Construction
Well Testing and Reservoir Evaluation
Materials Selection Guidelines
Well Pumps
Piping
Heat Exchangers
Space Heating Equipment
Absorption Refrigeration
Greenhouses
Aquiculture
Industrial Applications
Engineering Cost Analysis
Regulatory and Commercial Aspects
Environmental Cor,~iderations
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This publication is the most comprehensive and detailed guide available for the direct utilization of
geothermal energy available in the world. We get requests for it from individuals and companies
in the U.S. and from many countries. It is in the process of being translated into Polish and
published chapter-by-chapter in their bimonthly journal Technika Poszukiwan Geologicznych -

Geosynoptyka i Geotermia.

During the period of this contract Gee-Heat Center staff authored or coauthored 179 separate papers
that were published in refereed journals such as Geothermics, transactions such as the Geothermal
Resources Council, ASHRAE and the World Geothermal Congress 1995, the GHC Quarterly
Bulletin, research reports for USDOE, or written as an information dissemination document to be
handed out to the general public. Nineteen papers were included in international publications. The
Center averaged 20 publications a years and were distributed as follows:

1990: 15 1995:29
1991: 14 1996:23
1992: 16 1997:20
1993: 10 1998:23
1994: 15 1999: 5

Individual staff member were authors or coauthors on 192 publications for an average of almost six
per person per year, distributed as follows: Lund 69, Rafferty 53, Lienau 42, Culver 18 and Boyd
10. A detailed listing of individual papers by year is presented in Appendix B.

9. Tours and Briefings

Due to our unique location, with two district heating systems (city of Klamath Falls and Oregon
Institute of Technology), 500 individual wells within the city, a geothermal milk pasteurization
plants, snow melting installations, and nearby geothermally heated greenhouses and aquiculture
ponds, the Center staff were often requested to give tours and short presentations to interested
parties. These groups included energy classes from Oregon community colleges and the OIT
Mechanical Engineering Technology program, visiting U.S. and international scholars and
researchers, engineers and designers of geothermal systems, geologists, Elderhostel ~oups and the
general public. Some would just tour the OIT heating system, and others would take in a city tour
as well. These tours lasted from one hour to half a day, depending upon their interest level and
technical background. The Center staff has an excellent working relationship with the local
geothermal users, thus we are able to schedule tours of individual homes, businesses, greenhouses
and aquiculture facilities. We have in turn, provided these people with technical advice and
information. We have prepared a tour guide giving technical information on the various sites visited.
We have also prepared a single page brochure on “Geothermal Energy in Klamath County, Oregon”
for the local chamber of commerce and visitors bureau to be given to out-of-town visitors. This
brochure explains where geothermal resources are located in the area and how it is utilized by homes
and businesses.

A total of 108 tours and informal presentations to approximately 500 people were given during the
period of this grant, average 13 per year. These tours were fairly uniformly distributed over the
period.
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Research and Develo~ment

A total of 28 research and development projects were completed during the time period of this grant. Some
were short paper studies involving gathering information from users, developers, and equipment
manufacturers, others were guides for potential users, and some involved field or laboratory testing to
produce results. Most dealt with mechanical engineering problems associated with equipment used indirect-
use applications. All of the studies and reports were undertaken based on practical problems that needed
investigating. Most were developed based on inquires from users and designers, as determined from
numerous technical assistance requests. The Gee-Heat Center staff average three reports a year with Kevin
Rafferty, our mechanical engineer, involved in the majority (1 6), Gene Culver, our other mechanical engineer
was involved in six reports. Tonya Boyd was involved in five projects, and Paul Lienau and John Lund
involved in four each. The research projects were spread fairly uniformly throughout the years, with two
major ones usually being proposed and completed during each fiscal year. A detailed list of the research
projects and a short description of the purpose and results are presented in Appendix C.

SUMMARY AND CONCLUSIONS

The Gee-Heat Center has been in operation since 1975, with this report covering the period 09/26/90 to
09/30/99. During this final contact period, the GHC was funded by USDOE a total of $2,655,000 and OIT
provided $378,805 in matching funds (12.5% of the total expenditure). The following was accomplished
during this period by GHC staff (varying from 4 to 5 members):

Technical Assistance inquires/responses: 437 1; starting at 285 forFY91 and increasing to 949 in
FY98

Quarterly Bulletin: 30 issues consisting of 151 articles (81 written by staff members) 2100
subscribers (41 6 international)

Outside the Loop Newsletter: 4 issues (500 to 750 subscribers)

Gee-Heat Center Webpage: over 2000 files, 100,000 hits and 10,000 users per month

Publication Distribution: 10,320 articles disseminated

Libra~: 5644 paper, reports, journals and books

Staff Presentations: 145 oral presentations

Staff Publications: 170 separate papers

Tours and Briefings: 108 tours to 500 people

Research and Development Projects: 28 completed

In addition, the Gee-Heat Center received the Geothermal Resources Council’s Geothermal Achievement
Award in 1993.
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GHC staff have been active in numerous geothermal professional organizations: Geothermal Resources
Council (GRC), International Geothermal Association (IGA), the American Society for Heating,
Refrigeration, and Air-Conditioning Engineers (ASHRAE), American Society of Mechanical Engineers
(ASME),and the American Society for Testing and Materials (ASTM).
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APPENDIX A
Oral Presentations

The following oral presentations were made by GHC staff members:

1990:

“Conceptual Design of Greenhouse and Aquiculture Development,” Industrial Consortium, Austin, TX
(Rafferty)

“Direct Use Reservoir Models;” “Case Histories Susanville and Vale:”” Geothermal Injection Monitoring,”

Symposium on Subsurface Injection of Geothermal Fluids, Santa Rosa, CA (Culver)

1991:

“Experience with Buried Piping in Geothermal District Heating Systems,” ASHRAE Western Regional
Meeting. [Rafferty)

“Geothermal Heat Pumps,” Public Policy Workshop for Geothermal Energy, San Francisco, CA (Lund)
“Direct Use Industry Assistance,” DOE Program Review, San Francisco, CA (Lienau)
“Geothermal Uses for the Mining Industry,” (3 presentations), Western State Energy in Mining Conferences,

Winnemucca and Elko, NV (Culver)
“Uses of the Earth’s Heat,” Elderhostel program, Klamath Falls, OR (Lienau) - 4 sessions
“Overview of U.S. Geothermal District Heating Systems,” International District Heating and Cooling

Association (IDHCA), San Francisco, CA (Rafferty and Culver)
“System Equipment and Common Applications,” (2 presentations), “Potential for Expansion of Direct-Use

Applications, “ “Heat Pump Technology,” Geothermal Resources Council Short Course on Low-
Temperature Use of Geothermal Energy (Rafferty)

“Low-Temperature Geothermal Applications,” Renewable Energy Resources Development on Indian Lands
for the Council of Energy Resources Tribes, Portland (Rafferty)

1992:

“New Developments in Direct-Use Outside Nevada,” Nevada GRC Section Meeting, Reno, NV (Culver)
“Metering for Geothermal District Heating Customers,” ASHRAE meeting, Anaheim, CA (Rafferty)
“OIT Geothermal Systems,” S’hannual college/university conference of IDHCA (Rafferty)
“Geothermal Heat Pump Potential,” California Energy Commission (CEC), Sacramento (Culver)
“Potential for Non-Electric Utilization of Geothermal Energy,” National Geothermal Association’s meeting

on Introduction to Geothermal Resources, San Francisco (Lund)
“Geothermal Heat Pumps,” Durango, CO (Culver)
“Ground-coupled Heat Pumps - A Natural for the Northwest,” Portland, OR (Rafferty)
“Uses of the Earth Heat,” Elderhostel course, Klamath Falls, OR (Lienau) -4 sessions
“Geothermal Direct Use,” testimony before the U.S. House Subcommittee on Environment, Washington,
D.C. (Lund)
“Large Tonnage Groundwater Systems,” and “Large Tonnage Groundwater Heat Pumps - Experiences with

Two Systems,” ASHFLAE Annual Meeting (Rafferty)
“Direct Use and Its Future Growth in the U.S.,” and “Geothermal Spas in Czechoslovakia” GRC Annual

Meeting, San Diego, CA (Lund)
“Low-Temperature (Direct-Use) Wells,” GRC Geothermal Drilling, Well Control and Regulatory School,

Sacramento, CA (Culver)
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1993:

“Groundwater Heat Pumps,” ASHRAE Annual Meeting, Chicago, IL (Rafferty)
“Geothermal Direct Use,” Eastern Hot Dry Rock meeting, Philadelphia, PA (Rafferty)
“Western States Geothermal Resources as Sites for Aquiculture Projects,” Western Aqua culture Association,

Reno, NV (Culver)
“Environmental Considerations for Geothermal Energy As a Source for District Heating,” ASHRAE meeting

(Rafferty)
“Geothermal Energy in the United States,” to Muroran Institute students, Japan (Lund)
“Earthquake and Geothermal Water Level Changes in Klamath Falls,” Geothermal Advisory Committee,

Klamath Falls, OR (Lienau)

1994:

“Marketing the Klamath Falls Geothermal District Heating System” and “Geothermal District Heating - A
Century of Progress,” InternationalDistrict Heating and Cooling Association, Seattle, WA (Rafferty)

“Geothermal Heat Pump Performance and Utility Programs,” DOE Geothermal Program Review, San

Francisco, CA (Lienau)
“Capital Cost Comparison of Commercial Ground-Source Heat Pump Systems,” GRC Annual Meeting, Salt

Lake City, UT (Rafferty)
“Use of Silica Waste from the Cerro Prieto Geothermal Field as Construction Materials,” DOE/CFE

Technical Meeting, Cerro Prieto, Mexico (Lund)

1995:

“Low-Temperature Resource Assessment,” DOE Geothermal Program Review, San Francisco, CA (Lienau)
“Klamath Falls Geothermal District Heating System,” KlamathCity School Maintenance and Custodial Staff,

Klamath Falls, OR (Lienau)
“Geothermal Direct-Use in the United States -1990-1994, World Geothermal Congress, Florence, Italy

(Lienau)
“Geothen-nal Heat Pump Performance and Utility Programs in the United States,” World Geothermal

Congress, Florence, Italy (Lienau)
“Pilot Fruit Drier for the Los Azufres Geothermal Field, Mexico,” World Geothermal Congress, Florence,

Italy (Lund)
“Historical Impacts ofGeotherrnal Resources on the People of North America,” World Geothermal Congress,

Florence, Italy (Lund)
“Direct Use Resources, Development and Earthquakes of the Klamath Basin,” students instructors from the

University of Austria, Klamath Falls, OR (Lienau)
“A Capital Cost Comparison of Commercial Ground-Source Heat Pump Systems,” ASHRAE Annual

Meeting, San Diego (Rafferty)
“Low-Temperature Resource Assessment,” GRC Annual Meeting, Reno, NV (Lienau)
“Marking the Klamath Falls Geothermal District Heating System,” GRC Annual Meeting, Reno, NV

(Rafferty)
“Onion Dehydration,” GRC Annual Meeting, Reno, NV (Lund)
“Geothermal Heat Pump Performance,” GRC Annual Meeting, Reno, NV @oyd)
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1996:

“Gee-Heat Center 20* Anniversary and International Development in Geothermal Energy,’’OIT faculty
seminar, Klamath Falls, OR (Lund and Lienau)

“U.S. Overview and Status of Geothermal Direct-Use Development, ““DOE Program Opportunity Notice and

User Coupled Programs, “ “Details of Greenhouse and Aquiculture Design,” “Industrial Operation

and Designs for Vegetable, Fruit Drier, Heap Leaching of Gold, and Silica Waste for Construction
Materials,” and “Legal, Regulatory and Environmental Considerations,” New Energy Foundation
workshop, Tokyo, Japan (Lund)

“The Gee-Heat Center’s R&D and Technical Assistance Programs, “’’Low-Temperature Geothermal Resource

Inventory and Collocated Resources, “ “Details of Geothermal District Heating Design in the U.S.,”

“Ground-Source Heat Pump Performance,” and “Promotional Material and World Wide Web
Homepage: http://www.oit.osshe.edu/-geoheat,” New Energy Foundation workshop, Tokyo, Japan
(Lienau)

“Direct Heat Utilization of Geothermal Resources,” World Renewable Energy Congress, Denver, CO (Lund)
“Environmental Considerations for Geothermal Energy as a Source for District Heating,” ASHRAE meeting,

San Antonio, TX (Rafferty)
“Collocated Resources,” GRC Annual Meeting, Portland, OR (Boyd)
“OIT Geothermal System Improvement,” GRC Annual Meeting, Portland, OR (Lienau)
“Research on the Use of Waste Silica from the Cerro Prieto Geothermal Field, Mexico,’’GRC Annual

Meeting, Portland, OR (Lund)
“Selected Cost Consideration for Geothermal District Heating in Existing Single-Family Residential Areas,”

GRC Annual Meeting, Portland, OR (Rafferty)
“General Geothermal Energy,” Expanding Your Horizons workshop, Klamath Falls, OR (Boyd) -6 sessions
“Geothermal Direct Use,” Mexican Geothermal Association meeting, Guadalajara, Mexico (Lund)

1997:

“Ground-Water Heat Pump System Design,” US Army Corps of Engineers workshop, Reno, NV (Rafferty)
“Overview of Geothermal Direct-Use R&D at the Gee-Heat Center,” USDOE Program Review, San

Francisco, CA (Lienau)
“Design and Specification of Commercial Ground Source Heat Pumps,” ASHRAE Annual Meeting, Boston,

MA (Rafferty)
“Function and Purpose of the Gee-Heat Center,” dedication of the Geothermal Training Center, University

of Oradea, Oradea, Romania (Lund)
“Geothermal Direct Utilization -U.S. and International,” National Rural Electric Coop Association workshop

and training session, La Paz, Bolivia (Lund)
“Direct Use of Geothermal Resources,” Geothermal Resources Council short course on: An Introduction to

Geothermal Energy and Development at Medicine Lake, Klamath Falls, OR (Lund)
“Commercial Open-Loop Ground Source Heat Pump Systems,” National Ground Water Association Annual

Meeting, Las Vegas, NV (Rafferty)
“Geothermal Research at the Gee-Heat Center, Oregon Institute of Technology,” 32nd Intersociety energy

Conversion Engineering Conference, Honolulu, HI (Lund)
“Anti-freeze Issues,” “Design of Commercial Closed Loop Systems,” and “National Closed Loop Bore Hole

Completion Standards,” Geothermal Energy Association West Cowt Heat Pump Conference,
Burlingame, CA (Rafferty)

“Open Loop Design,” US Army Corps of Engineers training session, Tampa, FL (Rafferty)
“Gee-Heat Center Web Page,” GRC Annual Meeting, Burlingame, CA (Boyd)
“Geothermal Research at the Gee-Heat Center,” GRC Annual Meeting, Burlingame, CA (Lund)
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“Design and Performance of Direct Heat Exchange Geothermal District Heating Schemes,” and “Geothermal
District Heating,” International Course of Geothermal District Heating Schemes, Cesme, Turkey
(Lund)

“Direct Heat Utilization of Geothermal Resources,” meeting of the United National Economic Commission
for Latin American and the Caribbean, Santiago, Chile (Lund)

“General Geothermal Energy,” Expanding Your Horizons workshop, Klamath Falls, OR (Boyd) -2 sessions

1998:

“Pumping Issues in Commercial Open Loop Ground Source Heat Pump Systems,” ASHRAE West Coast
meeting, San Francisco, CA (Rafferty)

“The Design of Commercial GHP Systems,” ASHRAE short course, San Francisco, CA (Rafferty)
“Variable-Flow Pumping Issues with Ground Source Heat Pump Systems,” ASHRAE Annual Meeting,

Toronto, Canada (Rafferty)
“Direct Utilization at the Gee-Heat Center,” USDOE Program Review, Berkeley, CA (Lund)
“A Strategic Plan for Geothermal Research,” USDOE Program Review panel discussion, Berkeley, CA (Lund)
“Direct Utilization of Geothermal Energy,” USDOE Show Case, Washington, DC (Lund)
“Geothermal Energy,” Teen Women in Science and Technology program, Klamath Falls, OR (Boyd) -2

sessions
“Oregon Institute of Technology District Heating System,” International Summer School workshop, Azores,

Portugal (Boyd)
“Gee-Heat Center Web Page,” International Summer School workshop, Azores, Portugal (Boyd)
“General Direct Utilization of Geothermal Energy, “ “Design of Greenhouse Heating Systems,” and

“Geothermal District Heating in the U.S.,” International Summer School workshop, Azores, Portugal
(Lund)

“The Evolution of the Oregon Institute of Technology District Heating System,” GRC Annual Meeting, San
Diego, CA (Boyd)

“Gee-Heat Center Web Page,” Geothermal Training workshop, Los Azufres, Mexico (Boyd)
“Geothermal Heat Pumps,” Geothermal Heat Pump seminar, University of Auckland, New Zealand (Lund)
“Geothermal Direct Use,” and “Low Cost Fruit Drying Facility - Design and Operation,’’Business

Opportunities Involving Direct Use of Geothermal Energy seminar, Rotorua, New Zealand (Lund)
“The Influence of Geothermal Reservoir Parameters on the Economics of Field Development,” GRC Annual

Meeting, San Diego, CA (Lund)
“Direct Use of Geothermal Energy,” Productive Uses of Hot Water workshop, Arica, Chile (Lund)
“Design of Commercial Groundwater Heat Pump Systems,” US Army Corps of Engineers workshop,

Albuquerque, NM (Raffe~)
“Geothermal Heat Pumps, “ “Geothermal Direct-Use Equipment,” and “Geothermal Balneology and Spa

Design,” X Latin-American Geology Congress special training session, Buenos Aires, Argentina
(Lund)

“Direct Utilization of Geothermal Energy,” X Latin-American Geology Congress geothermal session, Buenos
Aires, Argentina (Lund)

“Geothermal Energy Developments in Northern India and Tibet,” Professional Engineers of Oregon meeting,
Klamath Falls, OR (Lund)

“General Geothermal Energy,” Expanding Your Horizons workshop, Klamath Falls, OR (Boyd) -4 sessions

1999:

“Closed Loop Geothermal Heat Pump Systems,” ASHRAE chapter meeting, Eugene, OR (Rafferty)
“Commercial Ground-Source Heat Pump Design,” ASHRAE short course, Chicago, IL (Rafferty)
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“Pumping Issues in Commercial Open Loop Geothermal Heat Pump Systems,” ASHRAE seminar, Chicago,
IL (Rafferty)

“Geothermal Energy,” Expanding Your Horizons program, Klamath Falls, OR (Boyd) -8 sessions
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APPENDIX B

The following is a listing of paper published by Gee-Heat Center staff during the period 9/90 to 3/99.

1990

“Direct Use Reservoirs Models - How We Think They Work,” Symposium on Sub-Surface Injection of
Geothermal Fluids, (Underground Injection Protection Council) UIPC, (Culver)

“Case Histories of Vale, Oregon & Susanville, California,” Symposium on Sub-Surface Injection of
Geothermal Fluids UIPC, (Culver)

“Geothermal Injection Monitoring in Klamath Falls, Oregon,” Symposium on Sub-Surface Injection of
Geothermal Fluids UIPC, (Culver)

“DHE and Instructions,” Gee-Heat Center (GHC), (Culver)
“QPIPE,” GHC, (Lienau)
“Direct Heat,” Gee-Heat Center (GHC), (Lienau)

“Geothermal Heat Pump Utilization in the United States,” GHC, (Lund)
“Downhole Heat Exchangers, Worldwide Research and Development,” GHC (Culver)
“An Overview of US Geothermal District Heating Systems,” (American Society of Heating, Refrigeration,

and Air Conditioning Engineers) ASHRAE Transactions, V.96, Pt. 2, (Rafferty)
“Space Cooling,” Small Geothermal Resources - A Guide to Development and Utilization, GHC (Rafferty)
“Aquiculture,” Small Geothermal Resources - A Guide to Development and Utilization, GHC (Rafferty)
“Industrial Applications,” Small Geothermal Resources - A Guide to Development and Utilization, GHC

(Lienau)
“DHE Operating Instructions,” GHC, (Lienau)
“Improved Utilization of Low-Temperature Thermal Water Rich in Hydrocarbon Gases,” GHC Bulletin,

V. 12-4, (Lund, et al.)

“Tale of Two Heat Pumps,” GHC Bulletin, V. 12-4, (Rafferty)

1991

“Geothermal District Heating System - City of Klamath Falls,” GHC, (Lienau)
“Geothermal Energy,’’ASHRAE Handbook of Systems and Applications Chapter 45, (Rafferty, Kavanaugh,

Murphy, and Reistad)
“Direct Use Industry Assistance,” Proceeding of the (Geothermal Program Review) GPR, (Lienau)
“Geothermal Low-Temperature Reservoir Assessment Program a New DOE Geothermal Initiative,”
Proceedings of the GPR, (Lienau)
“Applying Geopressured-Geothermal Resources to Direct Uses is Feasible,” Idaho National Engineering Lab,

(Lienau, Lunis, Negus, Plum, Spencer, and Nitschke)
“The Feasibility of Applying Geopressured-Geothermal Resources to Direct Use,” (Idaho National

Engineering Lab) INEL, (Lienau)
“Current Status of Geothermal Direct Use Development in the United States, Update: 1985 -1990,” GHC
Bulletin, V. 13-1, (Lund, Lienau, and Culver)
“Direct Use Activity in Mexico,” GHC Bulletin, V. 13-4, (Lund)
“Hot Spots fbr Cold Fish,” GHC ~u.lletin, V. 13-2, (Rafferty)
“Aquiculture,” GHC Bulletin, V. 13-2, (Rafferty)
“Geothermal Aquiculture Development,” GHC Bulletin, V. 13-2, (Lienau)
“Direct-Use Reservoir Models, How We Think They Work,” GHC Bulletin, V. 13-1, (Culver)
“Vertical Pump Turbine Oil Evaluation,” CiHC, (Culver)
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—

“Geothermal Injection Monitoring in Klamath Falls, OR,” GHC, (Culver)

1992

“Data Acquisition for Low - Temperature Geothermal Well Tests and Long - Term Monitoring,” GHC,

(Lienau)
“Geothermal Direct Use,” Testimony Presented to the House Sub-Committee on Environmental, (Lienau and

Lund)
“Geothermal Resources,” Encvclo~edia of Physical Science and Technology, (Lund and Anderson)
“Large Tonnage Groundwater Heat Pumps: Experiences With Two Systems,” ASHRAE Transactions, V. 98,

Pt. 2, (Rafferty)
“Geothermal Spas in Czechoslovakia,’’GRC Transactions, (Lund)
“Geothermal District Heating: A Century of Service,” ASHRAE Journal, V.34-9 (Rafferty)
“Industrial Applications Research and Current Industrial Applications of Geothermal Energy in the United

States,” Geothermics, (Culver)

“Geothermal Aquiculture Development,” GHC Bulletin, V. 13-2, (Lienau)
“Geothermal District Heating System - City of Klamath Falls,” GHC Bulletin, V. 13-4, (Lienau)
“Significant Events in the Development of Geothermal Direct Use in the United States,” GHC Bulletin, V. 14-

3, (Lund and Lienau)
“Geothermal Spa Development in Czechoslovakia,” Proceeding of the GRC, (Lund)
“History of the Crater Lake Wilderness Race,” Crater Lake Symposium, (Lund)
“HEATOOLS,” GHC, (Rafferty)
“Pilot Fruit Drier for Los Azufres Geothermal Field, Michoacan, Mexico,” GHC, (Lund)
“Some Considerations for the Heating of Greenhouses with Geothermal Energy,” GHC, (Rafferty)

1993

“Geothermal Direct-Heat Utilization Assistance,” Proceedings of the GPR, (Lienau)
“Low-Temperature Resource Assessment Program,” Geothermal Program Review, (Lienau)
“Brazed Plate Heat Exchanger for Geothermal Applications,” GHC Bulletin, V. 15-1, (Rafferty)
“Marketing the Klamath Falls Geothermal District Heating System,” GHC Bulletin, V. 15-1, (Rafferty)
“Spas and Balneology in the United States,” GHC Bulletin, V. 14-4, (Lund)
“Saratoga Springs, New York,” GHC Bulletin, V. 14-4, (Lund)
“Warm Springs, Geogia,” GHC Bulletin, V. 14-4, (Lund)
“Hot Springs, Arkansas,” GHC Bulletin, V. 14-4, (Lund)
“Thermopolis, Wyoming,” GHC Bulletin, V. 14-4, (Lund)
“Alturas - The Development of a Blind Resource,” GHC Bulletin, V. 15-1, (Culver]

1994

“Marketing the Klamath Falls Geothermal District Heating System,” (International District Heating and
Cooling Association) IDHCA, (Rafferty)

“Reference Book on Geothermal Direct Use,” Prepared for the United States Department of Energy, GHC,
(Lienau, Lund, Culver, and Rafferty)

“Results of [rvestigations of Failures of Geothermal Direct-Use Well F’umps,” GHC, (Culver)
“Groundwater Anomalies Associated with the Klamath Basin Earthquakes of September 20-24, 1993,”

Oregon Geology , V.56-I, Oregon Dept. of Geology and Mineral Industries, Portland, OR (Lund and
Lienau)
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“ A Capital Cost comparison of Commercial Ground-Source Heat Pump Systems,’’GRC Transactions,
(Rafferty)

“Geothermal Heat Pump Performance and Utility Programs,” Proceeding of the GPR, (Lienau)
“Low-Temperature Geothermal Resources,” Geothermal Direct Heat Utilization Assistance, (Lienau, Ross,

and Colvin)
“Onion and Garlic Dehydration in the San Emidio Desert, Nevada,” GHC Bulletin, V. 15-4, (Lienau and Lund)
“Greenhouses - A New State of Growth in Utah,” GHC Bulletin, V. 16-1, (Lienau)
“Agriculture and Aquiculture Cascading the Geothermal Way,” GHC Bulletin, V. 16-1, (Lund)
“Greenhouses - New State of Growth in Utah,” GHC Bulletin, V. 16-1, (Lienau)
“Greenhouse Heating Equipment Selection Spreadsheet,” GHC Bulletin, V. 16-1, (Rafferty)
“Geothermal Vegetable Dehydration at Brady’s Hot Springs, Nevada,” GHC Bulletin, V. 15-4, (Lund)
“Ground-Coupled and Groundwater Heat Pump Systems,” GHC Bulletin, V. 15-3, (Rafferty)
“Use of Silica Waste From the Cerro Prieto Geothermal Field as Construction Material,” GHC, (Lund, Boyd,

and Monnie)

1995

“Boise, Idaho: A Century of Geothermal District Heating Progress,” ASHRAE Transactions, V. 101, Pt. 1,
(Rafferty)

“A Capitol Cost Comparison of Commercial Ground Source Heat Pump Systems,” ASHRAE Transactions,
V. 101, Pt.2, (Rafferty)

A Capitol Cost Comparison of Commercial Ground Source Heat Pump Systems,” GHC Bulletin, V. 16-2,
(Rafferty)

“A Spreadsheet for Geothermal Direct Use Cost Evaluations,” GHC Bulletin, V. 16-2, (Rafferty)
“Greenhouse Heating Equipment Selections Spreadsheet,” GHC Bulletin, V. 16-1, (Rafferty)
“Onion Dehydration,” Transactions of the Geothermal Resources Council, V. 19, (Lund)
“Low-Temperature Geothermal Resource Assessment Program - Final Report,” GHC, (Lienau and Howard)
“Ground-Source Heat Pump Case Studies and Utility Program,” GHC, (Lienau, Boyd, and Rogers)
“Geothermal Heat Pump Performance,” GRC Transactions, V. 19, (Boyd and Lienau)
“Final Report Silica Waste Utilization - Phase II,” GHC, (Lund and Boyd)
“Final Report Silica Waste Utilization - Phase I,” GHC (Lund and Boyd)
“A Geothermal Direct Use in the Unites States Update 1990- 1994,” Proceeding of the (World Geothermal

Congress 1995) WGC95, (Lund, Lienau, and Culver)
“A Geothermal Direct Use in the Unites States Update 1990- 1994,” GHC Bulletin, V. 16-2, (Lund, Lienau,

Culver)
“Historical Impacts of Geothermal Resources on the People of North America,” Proceeding of the WGC95,

(Lund)
“A New U.S. Low-Temperature Resource Assessment Program,” Proceedings of the WGC, (Lienau, Ross,

and Wright)
“Geothermal Heat Pump Performance and Utility Programs in the United States,” Proceeding of the WGC95,

(Lienau)
“Pilot Fruit Drier for the Los Azufes Geothermal Field, Mexico,” Proceeding of the WGC95, (Lund and

Rangel)
“Commercial Ground Source Heat Pump Systems: A Collection of ASHRAE Pa~ers,” ASHRAE, (Rafferty

and Kavanaugh)
“Low” Temperature Resource Assessment,” GRC Transactions, V. 19, (Lienau)
“Marketing the Klamath Falls Geothermal District Heating,” GRC Transactions, V. 19, (Rafferty)
“Geothermal Energy,’’ASHRAE Handbook of Systems and Applications Chapter 45, (Rafferty, Kavanaugh,

Murphy, and Reistad)
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“Space Cooling - Chap.4,” Geothermal Energy, Design Guidebook, (Rafferty)
“Aquiculture - Chap.6 ,“ Geothermal Energy, Design Guidebook, (Rafferty)

“Industrial Applications - Chap.7,” Geothermal Energy, Design Guidebook, (Lienau)
“Low-Temperature Resource Assessment,” Proceeding of the GPR, (Lienau)
“A Capital Cost Comparison of Commercial Ground-Source Heat Pump Systems,” Proceeding of the GPR,

(Rafferty)
“Prawn Park - Taupe, New Zealand,” GHC Bulletin, V. 16-4, (Lund and Klein)
“Geothermal Well Pump Failure,” GHC Bulletin, V. 16-3, (Culver)
“Pavement Snow Melting in Klamath Falls - Rehabilitation of the ODOT Well,” GHC Bulletin, V. 16-2,

(Lund, Culver, and Thurston)

1996

“Groundwater Heat Pump Systems: Experiences and Two High Schools,” ASHRAE Transactions, V. 102,
Pt.2, (Rafferty)

“Fossil Fuel-Fires Peak Heating for Geothermal Greenhouses,” GHC, (Rafferty)
“Environmental Considerations for Geothermal Energy as a Source for District Heating,” ASHRAE
Transactions, V. 102, Pt. 1, (Rafferty)
“Selected Cost Considerations for Geothermal District Heating in Existing Single Family Residential Areas,”

GRC Transactions, V.20, (Rafferty)
“Utilization of Silica Waste from the Cerro Prieto Geothermal Field, Mexico,” GRC Transactions. (Lund)
“Collocated Resources,” GRC Transactions, V.20, (Boyd)
“Research of the Uses of Waste Silica From the Cerro Prieto Geothermal Field, Mexico,” GRC Transactions,

V.20, (Lund and Boyd)
“OIT Geothermal System Improvements,” GRC Transactions, V.20, (Lienau)
“Unearthing the Facts on Ground Source Heat Pump Systems,” Consulting Specifying Engineer, V. 19-4,

(Rafferty)
“Balneological Use of the Thermal and Mineral Waters in the USA,” Geothermics, V.25-1, (Lund)
“A Capital Cost Comparison of Commercial Ground-Source Heat Pump Systems,” Proceedings of the GPR,

(Rafferty)
“Hitaveita Reykjavikur and the Nesjavellir Geothermal Co-Generation Power Plant,” GHC Bulletin, V. 17-4,

edited by (Lund)
“Geothermal Stamps of Iceland,” GHC Bulletin, V. 17-4, (Lund)
“Direct Heat Utilization of Geothermal Resources,” GHC Bulletin, V. 17-3, (Lund)
“Selected Cost Considerations for Geothermal District Heating in Existing Single-Family Residential Areas,”

GHC Bulletin, V. 17-3, (Rafferty)
“OIT Geothermal System Improvements,” GHC Bulletin, V. 17-3, (Lienau)
“Geothermal Greenhouses in Kyushu, Japan,” GHC Bulletin, V. 17-2, (Lienau)
“White Sulphur Springs, West Virginia,” GHC Bulletin, V. 17-2, (Lund)
“Hot Springs, West Virginia,” GHC Bulletin, V. 17-2, (Lund)
“Design of Small Fruit Drier Using Geothermal Energy,” GHC Bulletin, V. 17-1, (Lund)
“New Zealand Geothermal Stamps,” GHC Bulletin, V. 17-1, (Lund)
“Lectures on Direct Utilization of Geothermal Energy,” United Nationals University Geothermal Training

Program, Reykjavik, Iceland (6 lectures: Direct Heat Utilization of Geothermal Energy, Downhole
Heat Exchangers, Greenhouses, Aquiculture, Ground-Source Heat Pumps, and Industrial
Applications) (Lund)
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1997

“Geothermal Greenhouse Information Package,” GHC, (Rafferty)
“An Information Survival Kit for the Prospective Geothermal Heat Pump Owner,” GHC Bulletin, V. 18-2,

(Rafferty)
“Geothermal Research at the Gee-Heat Center,” GHC, (Lund)
“Ground Source Heat Pumps - Design of Geothermal Systems for Commercial Buildings,” GHC, (Rafferty

and Kavanaugh)
“Direct-Use Utilization at the Gee-Heat Center,” Proceedings of the Geothermal Program Review - XVI,

(Lund)
“Geothen-nal District Heating,” Proceedings of the International Summer School, Turkey (Lund)
“Geothermal Research at the Gee-Heat Center,’’Proceedin~s of the Intersociety Energy Conversion

Engineering Conference, (Lund)
“Well Pumping Issues in Commercial Groundwater Heat Pump Systems,” GHC Bulletin, V. 18-2, (Rafferty)
“Direct Heat Utilization of Geothermal Resources,” Japan Geothermal Energy Association, (Lund)
“Overview of Direct Use R&D at the Gee-Heat Center,” Proceedings of the GPR, (Lienau)
“South Dakota Geothermal Resources,” GHC Bulletin, V. 18-4, (Lund)
“Hot Springs, South Dakota,” GHC Bulletin, V. 18-4, (Lund)
“Philip, South Dakota Geothermal District Heating Systems,” GHC Bulletin, V. 18-4, (Lund)
“Midland, South Dakota Geothermal District Heating,” GHC Bulletin, V. 18-4, (Lund)
“District Heating System in Oradea, Romania,” GHC Bulletin, V. 18-3, (Lund)
“Milk Pasteurization with Geothermal Energy,” GHC Bulletin, V. 18-3, (Lund)
“Foundation House, New York Heat Pump System,” GHC Bulletin, V. 18-3, (Lund)
“Reno Industrial Park Geothermal District Heating System,” GHC Bulletin, V. 18-2, (Lienau)
“Fossil Fuel-Fired Peak Heating for Geothermal Greenhouses,” GHC Bulletin, V. 18-1, (Rafferty)
“Geothermal Greenhouse Development Update,” GHC Bulletin, V. 18-1, (Lienau)

1998

“Outline Specifications for Direct-Use Wells and Equipment,” GHC, (Rafferty)
“Aquiculture Information Package,” GHC, (Boyd and Rafferty)
“Direct Heat Utilization of Geothermal Resources,” GHC, (Lund)
“OIT Geothermal System,” GHC, (Rafferty and Lienau)
“The Evolution of the Oregon Institute of Technology District Heating System,” Proceeding of the

International Summer School Workshop, (Boyd)
“Geothermal Direct-Use Engineering and Design Guidebook,” GHC, edited by (Lund)
“Geothermal Greenhouse Design,” Proceedings of the International Summer School Workshop, (Rafferty and

Lund)
“Geothermal District Heating Systems in the United States,” Proceedimw of the 33rd Intersociety Engineering

Conference on Energy Conversion, (Lund)
“Geothermal District Heating Schemes in the USA,” Proceedings of the International Summer School

Workshop, (Lund)
“Balneological Use of Thermal Water in the USA,” Proceedings of the Societe’ Intemationale des Techniques

Hydrothermales, Japan (Lund)
“Recent Direct-Use Technical Assistance Activity,” GHC Bulletin, V. 19-4, (Rafferty)

“Geothermal Eel Farm in Slovakia,” GHC Bulletin, V. 19-4, (Lund)
“Timber Drying at Kawerau,” GHC Bulletin, V. 19-3, (Lund and Scott)
“Miranda Hot Springs,” GHC Bulletin, V. 19-3, (Lund and Freeston)
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“Geothermal Research at the Gee-Heat Center, Oregon Institute of Technology,” GHC Bulletin, V. 19-2,
(Lund)

“Geothermal Direct-Use Equipment Overview,” GHC Bulletin, V. 19-1, (Lund)
“Well Pumps,” GHC Bulletin, V. 19-1, (Culver)
“Piping,” GHC Bulletin, V. 19-1, (Rafferty)
“Heat Exchangers,” GHC Bulletin, V. 19-1, (Rafferty) .

“Space Heating Equipment,” GHC Bulletin, V. 19-1, (Rafferty)

“Absorption Refrigeration,” GHC Bulletin, V. 19-1, (Rafferty)
“Geothermal Research and Development at the Gee-Heat Center,” Proceedin~ of the 7ti International Energy

Congress, ENERGEX’98, Bahrain (Lund)
“Direct Heat Utilization of Geothermal Resources,” Proceeding of the X Latin-American Geology Congress,

Buenos Aires, Argentina (Lund)

1999

“Information for the Prospective Geothermal Home Buyer,” GHC, (Rafferty)
“Geothermal Energy,’’ASHRAE Handbook of Systems and Applications Chapter 45, (Rafferty, Kavanaugh,

Murphy, and Reistad)
“Aquiculture in the Imperial Valley - A Geothermal Success Story,” GHC Bulletin, V.20-1, (Rafferty)
“The Oregon Institute of Technology Geothermal Heating System - Then and Now,” GHC Bulletin, V.20-1,

(Boyd)
“Reconstruction of a Pavement Geothermal Deicing System,” GHC Bulletin, V.20-1, (Lund)-. . .
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APPENDIX C
Research and Development Projects

The following R&D projects were undertaken and completed by Gee-Heat Center staff. In all cases, a report
was published on the findings and conclusions.

1. Downhole Heat Exchangers by Gene Culver (Nov. 1990)

During the summer of 1989, a research program was setup by the Gee-Heat Center to investigate the
interaction of a well with a downhole heat exchanger and the aquifer, and possible effects on nearby
wells. The work was performed by M.G. Dunstall a visiting graduate student from the University of
Auckland who donated his time and Gene Culver of the GHC. Computer modeling was attempted
for the area of interest followed by a tracer dye and temperature logging program. A Quick Basic
language computer program was written which calculates the heat output from a downhole heat
exchanger in a well where convective steady-state heat transfer is predominant.

2. Case Histories of Vale, Oregon and Susanville, California by Gene Culver (Nov. 1990)

Injection in the very small Vale geothermal aquifer does not appear to be beneficial. Water levels and
temperature in the upflow zone are dropping. Natural surface spring discharge has ceased.
Temperatures in the outflow zone have decreased and well shut-in pressure occurred where before
injection there was no pressure. New springs have surfaced near injection wells. The cause seems
to be that injection is across a hydrogeologic boundary from production. Injection on the same side
of the boundary does not appear possible.

The city of Susanville, California, overlies a fault controlled lateral leakage low-temperature
geothermal resource. Current uses include space heating for the LDS church, greenhouse heating at
Tsuji Nurseries and by far the largest, the city district heating system. The city has made repeated
unsuccessful attempts at injection. Injection under currently implied conditions only into zones
containing equal or worse quality water set by the Regional Water Quality Control Board probably
is not possible. The water quality improves as distance from the production zone increases and
injection in the highly permeable zones near production wells almost certainly will result in
unacceptable temperature breakthrough.

3. Direct Use Reservoir Models - How We Think They Work by Gene Culver (Nov. 1990)

The resource base for low-to-moderate temperature direct use geothermal applications is large and
wide spread throughout the western United States. The models for direct use resources likely to be
utilized in EPA Region IX depict fluids percolating to near surface. The most commonly utilized
resource is the fault controlled lateral leakage type. Geothermal fluids within the shallow reservoir
vary in temperature and chemistry depending on the distance from the up flow zone. Regulations
governing injected water chemistry compared to receiving water chemistry should take variations of
chemistry into account.

4. Vertical Pump Turbine Oil Environmental Evaluation by Gene Culver (April, 1991)

Concern was expressed by the Oregon Water Resources Department and Department of
Environmental Quality on the use of oil-lubricated pumps for public water supply. Since enclosed

30



lineshaft oil-lubricated pumps are the mainstay of direct-use pumping equipment, the potential for
restricting their use became a concern to the GHC staff. An investigation into alternative pump
lubrication schemes and development of rebuttals to potential restrictions was proposed. Strict
interpretation of codes would prohibit use of oil-lubricated turbine pumps in most, if not all, direct
use applications and in irrigation and municipal water supply wells.

As a practical matter, the use is tolerated since the amount of oil carried over into the produced water
is very small and does not contain chemicals that are a serious concern. There are some lubricants
reportedly in use that contain metalorganic additives. Environmentally, these are less desirable than
other lubricants which do not. Lubricants which do not contain these additives should prove adequate
in most applications.

5. Geothermal Injection Monitoring in Klamath Falls, OR by Gene Culver (Oct. 1991)

Klamath Falls has nearly a 150-year history of geothermal utilization. The geothermal aquifer has
been the subject of many studies and is probably the most tested direct use reservoir in the world.
This provided good background data for increased monitoring that was need as new injection wells
were drilled. Prior to July 1990, few injection wells existed. A city ordinance required inj ection after
July 1990. The city and major injectors have initiated a monitoring system. As a result of this study,
a number of wells in the Klamath Falls area were equipped with continuous monitoring equipment.

6. Data Acquisition for Low-Temperature Geothermal Well Tests and Long-Term Monitoring by Paul
Lienau (Mar. 1992)

Groundwatermonitoring is an essential part of the development of a low-temperature geothermal field
for production and injection wells. State water resource and environmental department are requiring
both geothermal well testing and long-term monitoring as a part of the permitting process for
geothermal development. This report covers water-level measurement methods, instruments used for
well testing, geochemical sampling, examples of data acquisition and regulatory mandates on
groundwater monitoring.

7. HEATOOLS by Kevin Rafferty (Sept. 1992)

HEATOOLS is a spreadsheet which provides calculations of heat transfer from bare pipe to air,
Reynolds Numbers and film coefficients for the bare pipe to air situation, and heat loss from ponds
(pools). The spreadsheet was originally developed on SMART software but can be converted to
Lotus and Quatro Pro versions. It is divided into four screens.

The first screen is directed at the calculations of heat output from a bare pipe to surrounding air. The
second screen calculates Reynolds Number and film coefficients for both the air and water sides of
the base pipe to air applications. The third screen calculates heat loss from an outdoor pond (or pool)
under steady state conditions and includes an allowance for a floating cover. The fourth screen
calculates heat loss from an indoor pond (or pool).

8. Pilot Fruit Drier for Los P.,afres Geothermal Field, Michoac:m, Mexico by Jo:m Lund (1992)

Comision Federal de Electricidad (CFE) was interested in promoting the use of hot water from steam
well as Los Azufres in industries with high consumption of heat. They had installed a chamber for
drying lumber with good results and constructed a greenhouse to grow flowers in winter and produce
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9.

10.

11.

12.

gladiolus bulbs. Since the region is mainly a fruit producer, they prosed to install a small fruit drier
for demonstration purposes. They were confident that if they succeeded in showing the feasibility
of drying fi-uit with geothermal water, they will have a demand for larger drying installations.

A design for a pilot geothermal fruit drier was undertaken. A building, 4.00 m long, by 1.35 m wide

by 3.20 m high was designed to house two trucks 1.00 m by 1.00 m that would each be loaded with
30 trays for drying the fruit. A 0.91-m square heat exchanger and fan were proposed to provide an
air flow of 120 cu. rn/min. The estimated cost was $1,650.

Some Considerations for the Heating of Greenhouses with Geothermal Energy by Kevin Rafferty
(1992)

An evaluation of geothermal heating systems for greenhouses was made. Various types of material
were evaluated, including glass, plastic film, fiberglass and a combination of these. Heating
requirements were determined fro transmission heat loss and infiltration. Various types of heat
exchangers were then analyzed and sized to meet the heating requirements, including finned pipe, unit
heaters, finned coils, soil heating, cascading, plastic tubing and a combination of these. Formulas and
sample calculations were provided, along with manufacturer’s data and specification sheets.

Direct Use Geothermal Applications for Brazed Plate Heat Exchangers by Kevin Rafferty(Nov. 1992)

In very small applications of heat transfer, the cost of plate and frame heat exchangers become
uneconomical. These applications would include the space and domestic hot water heating for
residences and small buildings, and small commercial and industrial process applications. Recently,
a brazed plate heat exchanger became available. Due to their simpler construction, these units can
be economically produced in very small sizes. Brazed plated heat exchangers, as the name implies,
are manufactured using copper to braze the heat transfer plates together. The results of failure
analysis conducted on these heat exchanger exposed to three different geothermal fluids is presented
along with information on design considerations, equipment cost and life cycle costs.

Marketing the Klamath Falls Geothermal District Heating System by Kevin Rafferty (June 1993)

The Klamath Falls Geothermal District Heating system was completed in 1981. Until 1992, there was
no formal marketing plan for the system. This lack of marketing and the system history of poor
availability combined to reduce or eliminate interest in connecting on the part of local building
owners. At the time, it served only the original 14 government buildings connected at start up. The
revenue from these buildings, however, did not cover the entire cost of operating the system. As a
result, the city was faced with a difficult decision–develop the revenue required to make the system
self-supporting or shut it down.

As a result of this situation, a marketing strategy for the system was developed. The strategy was
designed to address the following major issue: rates, customer retrofit cost, financing, system
reliability, city creditability and manpower requirements. As a result, a new marketing strategy was
developed that offered the customer an attractive and easy understandable rate structure, reduced
retrofit cost and complex ty for his building along with an attrac :ive package of financing and tax
credits. Twenty-two new buildings were then evaluated as to cost and life-cycle cost analysis for
retrofit for geothermal.

Transmission Line Economics Spreadsheet by Kevin Rafferty (Nov. 1993)
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The transmission line economics spreadsheet allows the user to determine the preliminary economics

for transporting geothermal fluids over moderate (thousands of feet) distances. Using inputs
concerning the size of line, unit costs (provided), system water flow, delta T, load factor and
financing data, the calculations yield a unit cost of heat (in dollars per million Btus) attributable to
the capital cost of the transmission line.

13. A Capital Cost Comparison of Commercial Ground-Source Heat Pump Systems by Kevin Rafferty
(June 1994)

The purpose of the report was to compare the capital costs associated with three different designs of
unitary ground-source heat pump systems for commercial buildings: (1) groundwater system, (2)
ground-coupled system, and (3 )hybrid system. Specifically, the costs considered were those
associated with the heat source/heat sink or ground source portion of the System. In order to

standardize the heat rejection over the three designs, it was assumed that the heat pump loop would
operate at a temperature range of 85° F (to the heat pumps) to 95°F (from the heat pumps) under peak
conditions. The assumption of constant loop temperature conditions for all three permits an apples-
to-apples comparison of the alternatives.

Commercial buildings can cover a very broad spectrum of sizes, thus the size range selected for the
report included system from 50 to 500 tons, which translates into a range of 15,000 to 150,000 sq. ft.

. In order for the results to be as broadly applicable as possible, cost calculations were made for a wide
variety of soil (or groundwater) temperatures, well depths (goundwater), loop lengths (ground
coupled) and tower/loop ratios (hybrid system).

14. Reference Book on Geothermal Direct Use by Paul Lienau, John Lund, Kevin Rafferty and Gene
Culver (Aug. 1994)

A summary of U.S. energy resources, the growth of the U.S. geothermal direct-use industry and the
annual energy supplied for major direct-use applications were presented in graphical and text format.
An appendix was provided giving details on selected direct-use project throughout the U.S. These
included, Auburn, NY Schools Heating System, Commonwealth Building (Portland, OR - GHP), Elko
Heat Company Geothermal District Heating System, Enhanced Gold Processing (NV), Flint
Greenhouses (ID), Gait House Hotel, Apartment and Office Complex (KY - GHP), Klamath Falls
Geothermal District Heat System, Masson Greenhouses (NM), Milgro greenhouses (UT), Pacific
Aquafanns (CA), Rocky Mountain White Tilapai (CO), San Bernardino Geothermal District Heating
System (CA), San Emidio Resources, Inc. (NV), and Typical Residential Geothermal Heat Pumps.
A second appendix listed all the Gee-Heat Center publications, and a third appendix listed the direct-
use database for the U.S. A final appendix gave a Comparative Cost Analysis Between Geothermal
System and Gas-Fired Boiler System.

15. Use of Silica Waste from the Cerro Prieto Geothermal Field as Construction Material by John ~
Tonya Boyd and David Monnie (Nov. 1994)

This was a joint research project started in 1992 between USDOE and CFE of Mexico to investigate
the use of waste silica from geothermal fields. The research included testing mixtures of silica mixed
with asphalt and cement to produce a suitable road surfacing material, and to combine the silica with
various additives to be used as bricks for low cost housing. It was thought, that the low specific
gravity of the silica and the proposed mixtures would give the bricks a high insulating value, thus
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protecting the residents from the high solar heating, typical of the area around Mexicali. It was also
thought, the that results could be used for waste silica generated fi-om geothermal power plants in the
Imperial Valley. The results of,the research work indicated that: (1) silica-lime mixtures have low
strength and weather resistance, but high insulating values, (2) silica-cement mixtures have high
strength and weather resistance, (3) asphalt mixtures are not suitable using silica, and thus should not
be considered for any field construction, and (4) silica-cement mixtures appear to have application
as road surfacing material with the addition of an asphaltic chip seal for erosion protection.

16. Results of Investigations of Failures of Geothermal Direct-Use Well Pumps by Gene Culver
(Dec. 1994)

Failures of 13 geothermal direct-use well pumps were investigated and information obtained about
an additional five pumps that had been in service up to 23 years, but have not failed. Pumps with
extra long lateral and variable-speed dirves had the highest correlation with reduced time in service.
These appears to be at least circumstantial evidence that recirculation may be a cause of reduced
pump life. If recirculation is a cause of pump failures, pump specifiers will need to be more aware
of minimum flow conditions as well as maximum flow conditions when specifying pumps. Over-
sizing pumps and the tendency to specify pumps with high flow and low Net Positive Suction Head
(NPSH) could lead to increased problems with recirculation.

17. Ground-Source Heat Pump Case Studies and Utility Programs by Paul Lienau, Tonya Boyd and
Robert Rogers (Apr. 1995)

The purpose of the study was to determine what existing monitored data were available mainly from
electric utilities on heat pump performance, energy savings and demand reduction for residential,
school and commercial building applications. In order to verify the performance, information was
collected for 253 case studies from mainly utilities throughout the United States. The case studies
were compiled into a database. The database was organized into general information, system
information, ground system information, system performance, and additional information.
Information was developed on the status of demand-side management of ground-source heat pump
programs for about 60 electric utility and rural electric cooperatives on marking, incentive programs,
barriers to market penetration, number of units installed in the service area, and benefits. A computer
disk with the database was also provided.

18. A Spreadsheet for Geothermal Direct-Use Cost Evaluation by Kevin Rafferty ( 1995)

Historically, in order to consider alternative for energy projects, they must be easily characterized in
terms of cost, both capital and unit energy cost. This has been difficult, as costs for geothermal
systems vary with depth and character of the resource, number of production and injection wells, and
a host of other parameters. To address this problem, the GHC developed a spreadsheet which allows
potential users to quickly evaluate the capital cost and unit energy cost of accessing a geothermal
resource.

Using resource, financing and operating inputs, the spreadsheet calculates the capital cost for
production well(s), well pump s), well head equipment, injection well(s), and connecting pipelines.
These capital cost are used along with the quantity of annual energy to be supplied and financing
information produce a unit cost of energy. Unit costs for operation (maintenance and electricity) are
added to arrive at a total unit cost in $ per million Btu for geothermal heat. To put this value into
perspective, similar costs for an equivalently sized gas boiler plant are also calculated. These values
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can then be compared to determine the relative economic merit of geothermal for any specific set of
circumstances. This information is particularly useful at the conceptual stage of a project when
decisions as to fuel source are typically made by the developer.

19. Low-Temperature Resource Assessment Program by Paul Lienau and Howard Ross (Feb. 1996)

The purpose of the report is to present an overview of the findings from the 10-state low-temperature
geothermal resource assessment program carried out from 1992 to 1995. The previous major effort
in assessing the national potential of low-temperature geothermal resources occurred in the early
1980s. The products of the new resource assessment included an updated resource map and a digital
database for each of 10 western states (AZ, CA, CO, ID, MT, NV, NM, OR, UT and WA). The
databases developed by State Geothermal Resource Assessment Teams were designed for use on
personal computers, and have the capability of being accessed and managed using readily available
commercial spreadsheets or data management software. The format is comprised of two general
divisions including descriptive information (16 fields) and fluid chemistry (20 fields). Users of the
databases can select a great variety of search and sort parameters using standard personal computer
database management software to choose those records of interest from the database.

In this study, the ten State Team databases were searched for all the wells and springs with
temperatures greater than or equal to 50°C and within 8 km of a community. The collocation study
identified 271 cities and communities with a population of 7.4 million in the 10 western states that
could potentially utilize geothermal energy for district heating and other applications. Over 1,900
thermal wells were identified by State Teams as having temperatures greater than or equal to 50”C
and 1,469 are collocated with communities. From the list, a Paradox database was compiled which
contains 18 data fields on the collocated city, population, location, resource temperature, number of
wells within the area, typical depth, total flow, total dissolved solids, current use, weather data and
contacts for County Economic Development Agencies.

20. Selected Cost Considerations for Geothermal District Heating in Existing Single-Family Residential
Areas by Kevin Rafferty (June 1996)

In the past, district heating (geothermal or conventionally fueled) has not been widely applied to the
single-family residential sector. Low-heat load density is the commonly cited reason for this.
However, reduced development cost may partially compensate for the reduced revenue resulting from
low-load density.

The report examined cost associated with the overall design of the system (director indirect system
design), distribution piping installation, and customer branch lines. It concluded with a comparison
of the costs for system development and the revenue from an example residential area. Distribution
system installation costs were reviewed based on the use of double line (supply and return),
preinsulated ductile iron piping. Actual construction cost data wee used along with cost calculations
to disaggregate gross costs ($/if) into 11 individual areas for lines in the 3” to 12“ range. Each of
these areas was then evaluated for potential cost savings. Among the savings identified were:

1. Installations in unpaved areas can reduce costs 12 to 22?0,
2. Uninsulated return lines use can reduce costs 9.3 to 8.9% based on the use of fiberglass in

place of the preinsulated ductile iron,
3. Elimination of active (flaggers) traffic control can reduce cost approximately 4Y0, and
4. Installation in areas unencumbered by existing buried utilities can reduce costs 3.1 to 3.9Y0.
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21. Silica Waste Utilization Phase II by John Lund and Tonya Boyd (Dec. 1996)

This project investigated the utilization of waste silica from the evaporation pens at Cerro Prieto
geothermal field in Mexico. The main objective was to maxi various combination of hydrated lime,
Portland cement, and plastic fibers with the waste silica to determine their suitability for use as
insulating bricks in low-cost housing. The main conclusions from the testing were: (1) silica-lime
mixtures have low strength and weather resistance. However, they have high insulting properties, (2)
silica-cement mixtures have high strength and weather resistance, and (3) silica-cement mixtures also
appear to have applications as road surfacing material with the addition of an asphaltic chip seal for
erosion protection.

22. Fossil Fuel-Fired Peak Heating for Geothermal Greenhouses by Kevin Rafferty (Dec. 1996)

This report examines the capital and operating costs for fossil fuel-tired peak heating systems in
geothermally (direct-use) heated greenhouses. Issues covered include equipment capital costs, fuel
requirements, maintenance and operating costs, system control and integration into conventional hot
water greenhouse heating systems. Annual costs per square foot of greenhouse floor area are
developed for three climates: Helena, MT; Klamath Falls, OR and San Bernardino, CA, for both
boiler and individual unit heater peaking systems. In most applications, peaking systems sized for
60% of the peak load are able to satisfy over 95?+. of the annual heating requirements and cost less
than $0.15 per square foot per year to operate. The propane-fired boiler system has the least cost of
operation in all but Helena, MT climate.

23. An Information Survival Kit for the Prospective Geothermal Heat Pump Owner by KevinRafferty
(Feb. 1997)

The purpose of this publication was to provide information and to address some of the commonly
asked questions regarding residential geothermal heat pump technology. Lncluded were terminology,
heat pump fundamentals, equipment, performance ratings, frequently asked questions, where can I
go for more information, and references. A list of typical equipment and their performance, and the
names and addresses of manufacturers of heat pump units were also provided.

24. Well Pumping Issues for Commercial Groundwater Heat Pump Systems by Kevin Rafferty(Mar.
1997)

This report investigates issues relating to well pumps for commercial ground-source heat pump
systems including power requirements, impact on system EER and COP, cost selection and control.
Groundwater flow has a large impact upon well pump power requirements. The appropriate flow
should be based upon system peak block load. Optimum flow for water temperatures in the 50 to
7UF range are 1.25 to 2.5 gprn/hr depending upon total pump head. Submersible-type pumps are
likely to be the design used in most systems. Contrary to popular belief, well pumping does not result
in substantially lower system performance (EER, COP) compared to closed-loop systems. In fact,
groundwater systems, due to more favorable operating temperatures, can offer performance superior
to ground-coupled systems uuder certain circumstances. All system evaluated in this report employ
a plate heat exchanger to isolate the heat pump loop from the groundwater.
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25.

26.

27.

28.

Geothemal Greenhouse hfomation Package by Kevin Raffe@and Tonya Boyd(June 1997)

This package of information was intended to provide a foundation of background information for
developers of geothermal greenhouses. The material is divided into seven section covering: drop
market prices, greenhouse operating cost, crop culture information, greenhouse heating systems,
greenhouse heating equipment selection spreadsheet, vendor information and other information
services.

Aquiculture Information Package by Tonya Boyd and Kevin Rafferty (Aug. 1998)

This package of information was intended to provide background information to developers of
geothermal aquiculture projects. The material is divided into eight sections covering: market and
price information, water quality issues in aquiculture, culture information, pond and raceway heat
loss calculations, aquiculture bibliography, aquiculture glossary, state/regional/university/extension
aquiculture offices and sate aquiculture permit requirements.

Outline Specifications for Direct-Use Wells and Equipment edited by Kevin Rafferty (Sept. 1998)

This package contained outline specifications for water wells and equipment commonly used in
direct-use geothermal applications. Included in the package were the following outline specifications:
water well completed in consolidated material, water well completed in unconsolidated materials,
enclosed lineshaft pumps (oil lubricated), open lineshaft pump (water lubricated) and submersible
well pump. The specifications were written for the general case and blanks or options were presented
to accommodate specific applications. An appendix is attached and presents more detailed
information on various water well issues.

Scaling Considerations for Geothermal Heat Pump Systems (preliminary) by Kevin Rafferty (Mar.
1999)

Calcium carbonate scale deposited by hard water is the number one water quality problem in the U.S.
When hard water is supplied to an open loop heat pump operating in the cooling mode, or to a
desuperheater (for domestic hot water heating) scale can occur on the heat exchanger surfaces. This
scale can reduce the performance of heat pumps and in some cases has rendered desuperheaters
inoperable. Water chemistry as it relates to scaling is discussed along how this issue impacts
geothermal heat pumps. A series of state maps are being developed to indicate areas in which scaling
may occur.
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