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DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.
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At this review, the project presentations are organized according
to the phase the project is in:  reservoir confirmation, drilling
and testing; financial and institutional concerns; system design;
and system construction and operation.
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INTRODUCTION OF THE GEOTHERMAL DIRECT HEAT
APPLICATION PROGRAM FOR THE GRC- ANNUAL MEETING

Because of the undefined risk in the development and use of geothermal
energy as a thermal energy source, the Department of Energy Division of
Geothermal Energy* solicited competive proposals for field experiments

in the direct use of geothermal energy. Twenty-two proposals were selected
for cost-shared funding with one additional project co-funded by the State
of New Mexico.

As expected, the critical parameter was developing a viable resource. So far,
of the twenty resources drilled, fourteen have proved to be useful resources.
These are: Boise,. Idaho; Elko Heating Company in Nevada; Pagosa Springs,
Colorado; Philip School, Philip, South Dakota; St. Mary's Hospital, Pierre,
South- Dakota; Utah Roses near Salt Lake City; Utah State Prison, Utah;

Warm Springs State Hospital, Montana; T-H-S Hospital, Marlin, Texas; Aqua-
farms International in the Cochella Valley, California; Klamath County

YMCA and Klamath Falls in Oregon; Susanville, California and Monroe, Utah.
Monroe's 164°F and 600 gpm peak flow was inadequate for the planned project,
but is expected to be used in a private development. Three wells encountered
a resource insufficient for an economical project. These were Madison County
at Rexburg, Idaho; Ore-Ida Foods at Ontario, Oregon and Holly Sugar at Brawley,
California. Three projects have yet to confirm their resource. The Navarro
College well in Corsicana, Texas is being tested; the Reno, Moana, Nevada
well is being drilled and the E1 Centro, California well is scheduled to be
drilled in January 1982. The agribusiness project at Kelly Hot Springs was
terminated because a significant archeological find was encountered at the
proposed site. The Diamond Ring Ranch in South Dakota, and the additional
project, Carrie Tingley Hospital in Truth or Consequences, New Mexico both
used existing wells.

The projects that encountered viable resources have proceeded to design,
construct, and in the most advanced projects, to operate geothermal systems
for district heating, space heating, grain drying and aquaculture.

The technical problems encountered by the engineers during designing and
construction were within their capabilities but challenged their innovation.
The standard engineering design guides did not contain sufficient information
on well and reservoir production, material selection and deeply throttled
system flow control. To assist future engineers, engineering design guides
have been published: the Geothermal Resources Council Special Report #7,
Direct Utilization of Geothermal Energy: A Technical Handbook; American
Society of Heating, Refrigerating and Air Conditioning Engineers report -
Direct Application of Geothermal Energy; and to-be- published, the design
guide by the International District Heating Association. Individual state
geology and energy offices have published-detailed information for developers
on the extent of geothermal resources and the potential market.

s

*Currenty the Division of Geothermal and'Hydropowér Technologies (DGHT).




The independent analysis performed by ICF has shown that the five projects
thus far examined were economically viable as normal private business
ventures. The projects at the Philip School, in Philip, South Dakota,

St. Mary's Hospital in Pierre, South Dakota, Diamond Ring Ranch near

Midland, South Dakota; the YMCA in Klamath Falls, Oregon and Pagosa Springs,
Colorado were shown to compete favorably with lowest cost local present
energy prices. Pagosa Springs, for example, has a minimum acceptable supply
price (1980 dollars) of $2.56/MBtu which is less than the low price natural
gas. An independent close examination of the economics of the other prOJects
will occur this year and the results will be published. i

The many elements of the direct use program came into focus while assisting
" these projects in their original formulation and continued through their
development to operation. The state. resource assessment efforts; the
application feasibility studies, the technical assistance and the 1nst1tu-
tional studies, the across-the-board institutional and engineering
studies, the engineering design.guides and the management and technical
assistance provided by the DOE Field Offices and their technical|support
contractors, have been instrumental in the progress of these projects.
These projects represent a culmination of these efforts. -Their successful
completion and-operation will provide a new impetus to development of
geothermal energy by the private and local public sectors.

Eric A. Peterson, Program Manager
DOE/DGHT

12th & Pennsylvania Avenue

Washington, DC 20461 .
(202) 633-8760




DOE_PROJECT OFFICES

Three Department of Energy Operations Offices are responsible for the

management of the direct heat application projects.

their respective projects are:

Office

DOE-Idaho Operations Office
- 550 Second Street
Idaho Falls, Idaho 83401

Contact: Mike Tucker
Project Coordinator
(208) 526-3180

Technical Support:
Frank Childs
EG&G Idaho, Inc.
Idaho Falls, ID 83415
(208) 526-9512

DOE-Nevada Operations Office
P.0. Box 14100
Las Vegas, Nevada 89114

Contact: Jim Cotter
Director
Energy Applications Division
(702) 734-3424

Technical Support:
Roland Marchand,
EG&G Las Vegas Operations
P.0. Box 1912 - M/S N20
Las Vegas, NV 89101
(702) 647-5211

DOE-San Francisco Operations Office
1333 Broadway
Qakland, California 94612

Contact: Hilary Sullivan
Program Coordinator
(415) 273-7943

Technical Support:
George Budney
Rockwell Energy Technology
P.0. Box 1449 - Engineering Center
Canoga Park, CA 91304
(213) 341-1000 ext. 6474

The offices and

Projects

Boise

Diamond Ring Ranch
Elko Heating Company
Madison County
Ore-Ida Foods

Pagosa Springs
Philip School

St. Mary's Hospital
Utah Roses

Utah State Prison
Warm Springs State Hospital

Navarro College
T-H-S Hospital

Agquafarms International
E1 Centro

Klamath Falls

Moana, Reno

Susanville
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PROJECT SUMMARY

Project Title:

Field Experiments for Direct Uses of Geothermal Energy
Elko Heat Company, Elko, Nevada

Location:
City of Elko, -NV

Principal Investigator:

Mr. Ira S. Rackley, P.E., Project Manager
Chilton Engineering, 702-738-2121

Project Team: -

- E1ko Heat Company, Elko, NV - Mr. Jim Meeks, President

- Chilton Engineering, Elko, NV - Mr. Ira S. Rackley, P.E.
Project Manager, and Mr. Sheldon S. Gordon, P.E., Project
Engineer :

Project Objectives:

This project was selected to demonstrate the technical and economic
feasibility of the direct use of geothermal brines from the Elko KGRA for
the purpose of providing space, water, and process heat. In a more general
sense, it is the aim of the project to generate information and approaches
that will enable the proposers to develop the Elko resource as a viable
‘alternative to the consumption of primary fuels for space, water and
process heating in Elko.

Objectives related to this overall goal are:

- Develop adequate resource information to allow for the design
of the geothermal process system.
~ - Use of this resource information to generate a plan for the
.continued development and use of this resource after the
. period of government support.
) —:’D1sp1ace -a significant portion of the primary fuel consumption
in E1Ko for identified energy markets with geothermal energy.
- ~.Determine the economics of the. requ1red 1nvestment and.
character1ze the econom1cs of a var1ety of app]xcat1ons of the
., resource. . i e
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Resource Data:

A gradient hole drilling program was initiated in April, 1980 with
two holes being drilled within the business district of Elko. The location *
of the test holes was determined by the surface thermal survey conducted by
Geothermal Surveys, Inc., Figure 1. .
In September, 1980, two additional. grad1ent ho]es were dr111ed on the
wastern edge of the Elko Business District in an effort to gather more data-
on the complex faulting which seems to be controlling the heat flow [from
the Elko resource. A summary of the results of this drilling program is
as follows:

Test Well EHC No. 1

Water Temperature @ 100' | B | 15.4°¢ (60°F)

Average Temperature Gradient 3.73°CA100"(6,7$F/100')
BHT @ 995' ) - ' 48.8?C;(120°F)

Max imum TemperaturevGradfent observed 5;85C/T00'(10.4°F/100')
Water Quality | Good |

Test Well EHC No. 2

Water Temperaturef@kIOOfb i | 14.5°C (58 F)

BHT @ 900' L | | 36.4°C (98 F) |
Average Temperature Gradient - S -2.749C/ﬁ00f(4.9°F/100?)
Maximum Temperature Gradient observed 2.8°C/1do‘ (5.0°F/100")
Water Quality L Good ‘

Test Well EHC No. 3

Water Temperature @ 160' o | 61.9°C Q]43°F)
BT @ 565° S 71.2°C §160°F)
Average Temperature Gradient ﬁ . .v‘ 2.97°C/100' (5.3°F/100")
Maximum Tenperature Gradient observed | 2.97°¢c/100' (5.3°F/100")

Water Quality gp?.— 6945rgg/L/L
: o ilica - mg/ |




Test Well EHC No. 4

Water Temperature @ 100" - 15.1°C (59°F)

BHT @ 625' 29.0°C  (84°F)

Average Temperature Gradient 2.65°C/100'(4.8°F/100")
Maximum Temperature Gradient observed 2.65°C/100'(4.8°F/100")
Water Quality unknown

The Tithology of the gradient holes are similar, consisting of some
brown sands and silts in the upper sections, lighter volcanic sands in the
middle, and altered volcanics to intermixed clay lenses in the bottom.

It is theorized that test hole No. 1 and Test hole No. 3 are on the
down thrust side of a controlling northeast-southwest fault line. Also,
there appears to be cross faulting in the vicinity of test hole No. 3.

In July, 1981, the necessary permits were obtained and negotiations
completed on geothermal rights for a production well in the vicinity of
EHC #3. Paul Billings Drilling completed the production well drilling on
August 7, 1981. The following tabulation summarizes the results of this

effort.
EHC Production Well No. 1 (Figure 2)

BHT @ 845" Estimated 194°F
Water Quality Good: TDS-606 mg/L
- Ra-226 - 4.5 pe/L
Flow: initial Artesian 935 gpm (59.0 L/s)
sustained Artesian 485 gpm (30.6 L/s)
Temp. Artesian 180°F  (82°C)

A test pump1ng program was 1n1t1ated in mid September, 1981 to
determine well characteristics. under pumped cond1t1ons : Results were not
available for th1s pub11cat1on : .

It should be noted that the resource temperature is est1mated to be (239°F)
115°C based upon s111ca geothermemetry
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Des1gn

The project team has recently started conceptual design work for the
project. ‘Due to parallel scheduling of work tasks relating to the confirm-
ation of the geothermal resource (i.e., gradient hole drilling) the present
effort of ~the design team has been directed primarily towards the prepara—
tion of an inventory and detailed description of the existing mechanical
systems in the three selected buildings. See Figure' 3 for distribution loop.

“This effort is the first step in a system design and mode11ng effort
which we feel is somewhat unique. The three selected buildings will be
computér modeled using DOE-2, a detailed building loads and systems simulation
model used to certify compliance to Title 24 of the California Administrative
Code - Enérgy Conservation Standards. The building and process loads
description generated by that modeling effort will then be used to:drive
a modified TRYNSYS simulation of the geothermal distribution system. This
modeling effort will allow the design team to look.at a fumber.of options for
the configuration of the geothermal distribution system and to design a
system which may be expanded to meet future geothermal development needs of
the community. The modeling tool will also have general applicability to the
problems of design and performance estimation for geothermal district and -
process heating systems. The design team feels that a design tool of this
nature will be- part1cu1ar1y useful in the evaluation of system economics.

, The bu11d]ngs selected for retrofit to the geothermal source provide:

a wide variety of system types -and configurations. These are described in

more detail below. While the diversity of systems has posed a number of

problems for the design team, it has also provided the opportunity for the retro-
fit applications. This experience will be useful in the effort at

continued development of the resource.

Building Systems_and Load Summary:

1. Henderson Bank Building

The fifty year old Henderson Bank Building is a four-story
21,000 sq. foot, brick or stone faced concrete building. The first floor
(bank Tobby) rises the equivalent of two stories. A mezzanine covers
approximately onhe- -third of the floor area and serves as bank office space.
The second through fourth floors are office rental spaces. The basement
. is an unconditioned space and houses the pr1mary energy conversion equip-

'ﬁment - )

, The primary energy conversion equipment app]1cab1e to geotherma]
retrofit is a 200 HP hot water boiler. The boiler is coupled to a peri-
mneter radiation distribution system. <Cast iron radiators are located
normally at each window. Each radiator is controlled by a thermestatically
actuated modulating valve.




2. Vogue Laundry

The Vogue Laundry is a 17,300 sq.ft. building. The building con-
struction is tilt-up concrete walls with a 25 ft. high beamed dome, which
houses the dry cleaning and laundry facilities. A single story office
space fronts the domed building.

Process loads make up the majority of the building energy demand.
Internal gains from these process loads supply, in large part, the heat
necessary to meet building loads. The primary energy conversion equipment
are two 250 HP 125 PSIG steam boilers in parallel. Normally, only
one boiler is fired at a time. The 125 PSIG steam is utilized directly
by two commercial flat irons. A hot water generator converts the steam
into 175°F hot water which is stored in a 5,000 gallon holding tank. This
175°F hot water is used by six commercial washing machines of a combined
capacity totalling 3,130 1bs. Discharged wastewater from the washers
is run through a heat recovery system to preheat makeup water into the hot
water storage tank. The geothermal retrofit will be utilized to heat
hot water for the washers.

3. -Stockmen's Motor Hotel

The Stockmen's consists of several building components. First is
the original motor court building. This is a two-wing, three-story, motel-
type building with a heated swimming pool located in the court yard.
Attached to the motor court is the two-story casino/restaurant. The first
floor houses the casino/restaurant. The second floor houses air handling
equipment and operates as a return plenum. 1In 1965 a two-story addition
was built on top of the casino/restaurant section. These two floors consist
of hotel rooms with a large glass-covered atrium court yard in the middle.
Another addition was built off the casino/restaurant section in 1973.
This two-story addition consists of a showroom, storage area, and four
banquet rooms. Underneath the entire building is a basement/garage, which
is used as office space, storage, parking, and to house mechanical equipment.

The primary energy conversion heating equipment consists of two
250 HP 60 PSIG steam boilers. Again, these boilers -are piped in parallel
with usua]]y only one boiler on line at a time. The 60 PSIG steam is used
as the main heat transfer medium to the steam co1ls or hot water generators.

There are several types of d1str1but1on systems which corresponds

. to the various building components. The original motor court is serviced by
a modified, two-pipe hot/chilled water system, with individual terminal.

room fan coil converters. 180°F hot water is supplied to the system from

a steam fired hot water generator.




—_—

The showroom addition has three types of systems. The majority of
space conditioning is supplied by six air handlers. These air handlers
are ‘equipped with steam coils which utilize pressure reduced 10 PSIG
steam. Two 30 PSIG unit heaters service the storage area. Lastly,. a
30 PSIG baseboard system is used to heat a small portion of the addition.

Finally, .three air handlers service the underground parking; area.
and mechanical room. These air handlers are equipped with steam coils
which uti]izeweither 60 or 30 PSIG steam. .

Cooling is accomp]1shed by ut1]121ng two centrifugal water ch111ers
supplying chilled water to . the various systems noted above. The feas1b111ty
of retrofitting the Stockmen's heating systems will be two-fold., First,
all hot water .systems will simply be tied into the geothermal source yia '
heat exhangers. Secondly, all steam boilers, distribution piping, and
coils will be retrofitted  to.hot water and connected to the geothermal
source. This will be-a mdjor undertaking and requires extensive repiping.

Current Estimated Project Cost:

Total: $1,234,720
DOE Share:.  § 756,720  Participant Share: $477,682
619 399

Lessons Learned:

1. When cohsidering project changes which effect permitting, determine
if reprocessing of necessary permits may cause significant project
delays. -Find out if ammendments to existing permits may short-cut
reprocessing or if you must start over. These constraints may effect

your decision.

2. While geophysical techn1ques employed were successful in locating a
producing fault zone for this project, 1mprovements in techniques
for locating faults and determining reservoir potential would be
h1gh]y encouraging to potent1a1 developers in reducing r1sk and cost,

3. Before comm1tt1ng to a geothermal project, the developer should become

familiar with laws in his state which govern the end-use of the resource.
This would include possible classification of a district heating system
as a utility and possible infringement on existing utilities: "rights
within a service area."

10




ELKO HEAT COMPANY PON REPORTS

(Cooperative Agreement No. DE-ACO7-79ET27033)

Geothermal SurVeys, Inc., Direct Use Geothermal Investigations Elko,
Nevada, November 16, 1979, Contract No. DE-AC07-79ET27033

Elko Heat Company, Environmental Report, Elko Geothermal Project
Contract No. DE-AC07-79ET27033, May 1979.

Geothermal Surveys, Inc., Thermal Survey'For Ground Water, FElko,
Nevada, September 16, 1977, .
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PROJECT TITLE: Madison County Geothermal Project

PRINCIPAL INVESTIGATOR: Dr. J. Kent Marlor, Chairman
Madison County
Energy Commission (208) 356-3431

PROJECT TEAM: Madison County (Owner)
Energy Services; Inc. (Engineer)

PROJECT OBJECTIVE: To demonstrate the economics and
v feasibility of using a low-termperature
geothermal resource for food processing
and space heating application.

LOCATION DESCRIPTION: Rexburg, Madison County, Idaho

25 miles (40 km) northeast of

Idaho Falls, Idaho. T6N, R4CE, S30.

Population: 10,773 (Rexburg)

Area Activities: Potato Processing,
Agriculture and
Trade Center.
Junior College

RESOURCE DATA:

Well Depth: 3,950 ft (1,204 m)
Date Complete: (Not yet completed)
Completion Technique: Open Hole

Wellheéad Temperature: Not applicable - 20°C from
2,400 ft level

Flowrate: 600 - 700 gpm (38-44 %/s) pumped, 5 ft drawdown

Summary: ‘Madison County is at the edge of the Snake River

Plain, an area that has been characterized as
a young volcanic rift. Northeast trending
faults, concentrated along the plain boundaries
‘are the source of many hot springs.. The

- quison County well intersected a fault at

3,000 ft (914 m). A failed packer on a liner
hanger at 2,200 ft is allowing fluids from a
porous formation at this level to enter the
casing and has made it impossible to deter-
mine the formation temperature at depth. When
pumping the well, only fluids from the 2,200
to 2,400 ft level are being produced. It has
been impossible to sample fluids from below the
casing (below 3.540 ft). 1In the natural condition,
.200C fluids have been entering the well at the
2,200 ft and flowing down and out the bottom of the
casing at 8 ft/minute, cooling off the formation
below the casing (3540 ft) for the last 16 months.
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Madison County

(Continued)

SYSTEM FEATURES:

Application: Potato processing and dlstrlct heatlng
' were originally proposed. (American
Potato Company was an original participant,
but is awaiting results of the present :
well before obligating further).
Heatload (Design): 25 x 10 Btu/hr potato processing
(Proposed) 60 x 10° Btu/hr space heat
Yearly Utilization (Maximum): (Not applicable. Geothermal
resource not confirmed to_date).
If used only for space heating,
annual utilization will be
nominally 40%. Food processing
utilization would be 85%
annually.
Energy to be Replaced: 1.8 x loii Btu/yr potato processing
' 4.5 x 10 Btu/yr space heat
(proposed)
Facility Description: Nine public buildings} various
apartments and residences and
the American Potato plant were
~originally proposed.
Disposal Method:  One injection well was originaliy
proposed.
Summary: The Madison County project is to be a combination

district heating and industrial processlng
system. If temperatures of 2500F (121°C) .

can be found, the American Potato Company
would replace 90% of its thermal energy use
in blanching and drying operations. Cooler

- geothermal water and/or the discharge from

the potato plant is to be used in a district
heating system for the Rexburg business
district.. The well configuration and location are
shown 1n Figure 1 and 2.

16




Madison County (Continued)

STATUS:

Drilling below the 3,150 ft level, using water as
the drilling fluid, proceeded without returns , and with
severe lost circulation at a number of known
depths. Bridging occurred at several locations,
and the hole has never been logged in its open
status below 3,480 ft. Originally drilled to 3,940
ft, when it was decided to stop drilling because
cuttings were not being adequately lifted. Air
lifted (pumped) well for 3 days at about 600 gpm.
No drawdown and no changg in wellhead temperature
which never exceeded 70 F (21°C).

After learning of the hydrological situation in the
well, plans were made to hang a liner from the

bottom of the existing casing (then to 2,289 ft) to

the level just above a suspected production zone

around 3,600 ft. To keep the cost as low as possible,

a workover rig was used- A 5% inch liner (casing, K-55,
15.5 1b/ft) was hung with a liner hanger and packer
from the 2,200 ft level. Cement was spotted around

the bottom of the casing at 3,540 ft, and the fill in
the hole was then drilled out to 3,950 ft, (10 ft
deeper than originally drilled), leaving the bottom

400 ft as open hole formation. However, the flow ports
on the packer failed to close, and thus negated making
the desired seal at the 2,200 ft level. The attempted
remedial action (installation of the liner) was
completed in June 1981. An attempt to seal the failed
packer using mechanical devices (lead and rubber seals),
as shown in Figure 3, was made. Such a device was
installed in August, but residual cement on the casing
and packer-liner hanger walls prevented these seals from
doing their job. Attempts are now underway (early
September, 1981) to retrieve the first seal units and
try @ second time.

The significant downflow of 8 ft/minute is a very strong
indication of a very permeable production zone below the
liner (casing) - i.e., below 3,540 ft, and a reservoir
under a ‘different pressure and at a different tempera-
ture than that at the 2,200 ft level from which the
in-flow is-occurring. However, formation temperatures
from the 3,600 ft and lower levels can never be

obtained until the leak at 2,200 ft is repaired, for
cold water has been flowing down the well, cooling

off the bottom formation for the last 16 months.
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CURRENT ESTIMATED
PROJECT COSTS:

Total: $3,422.500

DOE Share: $1,677.025 Participant Share: $1,745,475
49% 51%
Expenditures to date: $865,000 (87% DOE, 13% Madison
County)

LESSONS LEARNED:

The $6,000 per day expense of the rig dictated that

it be dismissed before the hydrological conditions

in the well were completely understood. Remedial
action to seal the upper zones with a liner hanger/
packer using a workover rig failed because of a failed
packer. Subsequent remedial expenditures now appear
more than if rig had been allowed to remain on standby
for several days to thoroughly evaluate the well.

Currently, the project is attempting to repair the leak
in the casing caused by the failed packer. Mechanical
lead and rubber seals are being fabricated in this
attempt. The first such attempt in August, 1981,
failed because of residual cement along the casing and
inside the liner hanger/packer. Because of the
significant downward natural flow, there is very

strong suspicion that the zone below the casing (below
3,540 ft) is very porous and a producer of quite
different (higher) temperature water than that

entering the well at 2,200 ft.

A simple. failure, of shear-pins not capable of being
sheared in the packer, has created an extremely
expensive and frustrating situation. Careful attention
to quality control by the manufacturer and close
discussion by engineer with the manufacturer prior to
delivery and use of such devices is recomménded. The
latter did occur in this case, but did not prevent the
delivery and use of a defective and expensive device.
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MADISON COUNTY PON REPORTS

(Cooperative Agreement No. DE-FC07-79ET27028)

Energy Services, Inc., Madison County Rogers Potato Geothermal

Space/Process Heating Project - Semi-Annual Technical Report
February 1979 - August 1979, October 31, 1979.

Energy Services, Inc., Madison County Geothermal Project, Well

Drilling Report (to be issued).
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GEOTHERMAL WELL #1

MADISON COUNTY WELL PROFILE

9/9/81
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PROJECT TITLE: Multiple Use of Geothermal Energy
at Moana KGRA, Reno, Nevada

PRINCIPAL INVESTIGATOR: ‘ Dr. David J. Atkinson, President
' Hydrothermal Energy Corporation
(702) 323-2306; (213) 464-6446

PROJECT TEAM:

- Hydrothermal Energy Corporation, Developer and Heat
Supplier ‘ »

- S.A.I. Engineers, Engineering Design and Construction

- Water Development Corporation, Drilling

- Elliot Zais § Associates, Well Testing

PROJECT DESCRIPTION:

The Moana area of southwest Reno has been the site of
small-scale direct use of geothermal heat for more than
fifty years.

Between forty and fifty systems operate there. All of
them are small, and most of them involve single family
homes that use downhole heat exchangers for space heating.
Two motels use the geothermal heat for space and pool
heating, and a small apartment complex uses it directly
as domestic hot water.

Until this time, the pattern has been one of piecemeal,
haphazard development.

The extent of the resource is not yet well defined. The
" cool wells-that surround the geothermal area are not close
enough to map boundaries at this time.

Geologic conditions are quite straightforward. About 600
to 2000 feet of alluvial sediments, composed of sands. and
clays, and some gravels, overlie a "basement' of Tertiary
volcanics, mostly andesitic in composition,  Depth to the
upper surface of these volcanics is clearly expressed in
the gravity pattern of the region.

By combining the gravity data with detailed structural and
hydrogeologic analysis, it can be seen that the area of
shallow hot wells overlies an upfaulted basement block,

Most of these wells are only a few hundred feet deep. Some
yield water-at boiling point, but temperature$ are more com-
monly between 140° and 190°F. The wells simply tap the top
of the geothermal system in the shallow aquifers of the
alluvial sequence of sands, clays and gravels.
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These hot shallow aquifers are evidently fed from below
through fractures propagating upwards from fault and
fracture zones in the volcanic basement.

Low sun angle air photographs have been used to map the
surface expression of these basement fault systems. From
this work, and from geologic mapplng6 three fault systems
have been recognized, trending N. 35°W., N., and N. 40°E.

Based on the. sense of relative displacement and other
structural evidence, the three fault.systems are inter- |
preted as two conjugate shears trending N, 35°W. and N. 40°E.
bisected by a system of normal faults and extension fractures
trending N. Faults of the latter system are interpreted

to dip east or west at about 60°. Faults of the other

two systems are steep or vertlcal

From this interpretation, the best geothermal production
would be expected from wells that intersect the N-trending
- faults and extension fracture zones, especially where
"additional fracturing has been produced at intersections .
with faults of the other systems,.

Production from fracture permeability in the basement is
likely to be greater than from the shallow sedimentary
aquifers in the alluvial valley fill. However, the deeper
drilling required to reach and penetrate the volcanic
basement is, of course, considerably more expensive and
difficult.

The thermal anomaly in the Moana district is centered
around an area between the South Virgin%a/Moana Lane inter-
section and Wheeler Lake. Its general form is correlated
with fault structures delineated in the geologic work we '
have done, and a string of hot artesian wells and the

old Moana hot springs lie along oneof the N.-trending fault
Zones.

In order to establish that this reservoir can be developed
successfully on a large scale, our project is designed to
supply space heating and domestic hot water heating to a.
large condominium complex in southwest Reno, the Salem Plaza
Condominiums.

LOCATION DESCRIPTION

"~ The site of the project is in a small section of south-
west Reno between Plumb Lane and Moana Lane to the north
and south, and between South Virginia and Plumas to the
east and west.,
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RESOURCE DATA: |

The first well is presently being drilled.

SYSTEM FEATURES:

Application:

Space and water heating of condominiums, with the
addition of ispace cooling if the reservoir temperature
proves to be high enough.

Heatload (Design),‘estimated: 6,000,000 BTU/HR. .

Yearly Utilization: 15,600,000,000 BTU

30 Year Project Life: 468,000,000,000 BTU

Energy Replacement:

- The fossil fuel energy replaced will be natural gas,
amounting to about 468,000,000,000 BTU's over the thlrty
year life of the prOJect.

Facility Descrlptlon
Salem Plaza is a 150-unit condominium complex, with a swimming
pool. Their existing heating comes from two central boiler
plants, fired by naturdl gas, that supply domestic hot
water and sHace heat in a single system. This two-pipe \
circulating |system provides space heat via heating coils
and forced air. Domestic hot water is simply drawn from
the same system,

Disposal Method:

The best method of disposing of spent fluids cannot
be determined until drilling gives us the needed data on
the chemistry of the geothermal fluid.

. Alternatlves include surface disposal by various
methods and‘relnjectlon

Summary:

) The prOJect involves retrofitting a large existing
residential complex, for space and domestic hot water
heating, w1th the possible addition of space cooling.

The first production well is currently being dr111ed
at the east edge of the property.
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Buried, insulated pipelines will carry the geothermal
fluid to and from the existing boiler facilities 'in ‘the
various buildings, which will be retrofitted w1th plate—
type heat exchangers,

Disposal may be at surface or by reinjection, Addi-
tional use of available heat will involve whichever auxil-
iary applications prove most feasible after the space and
water heating systems are operating,

STATUS:

The first steps of the project involved negotiation of
the heat sale agreement with the Salem Honeowners Associa-
tion, and obtaining envirommental clearances.,

Our environmental work showed that the two main problem
areas would be the disposal of spent fluids after use,
and the noise levels during drilling, close to the con-
dominium units.

Spec1a1 prOV151ons were adopted to minimize difficulties,
with drilling noise. During the first phase of our'
drilling program not a single complaint has been recelved.

‘The fluid disposal problem cannot, of course, be resolved
until the drilling has reached the stage where we are certain
of the comp051t10n of the reservoir fluid. Other wells in
the. area typically yield sodium-potassium sulphate waters
with only about 1100 ppm TDS. We therefore expect no par-
‘ticular difficulties in handling and dispesing of these
fluids.

Following the signing of the heat sale agreement, and the
environmental work, we applied for and obtained the various
permits required to drill for and use the resource, including
water rights permits,

We then developed drilling plans based on the available
geologic data, though the selection of a well site was
mainly dictated by the need to use either the west or

east parking lots of the condominium complex, The latter
was selected as being larger and more useable and anbeing
somewhat more favorable geologically.

Drilling of the first well began recently and has at this
time reached a depth of 930 feet, A Portadrill RV-6; is.
being used, with the reverse circulation method, using water
as the}dr;lllng fluid in order to avoid damaglng potential
production zones. : {
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The first seventeen' feet below the parking lot surface
was composed of fill, with large cobbles (some up to 16"
in diameter). A 24" hole was drilled with a Mohab bit
and an 18" clamshell cobble bucket, to 19'6". There a
20" diameter conductor pipe 23'6" long was cemented in
with two yards of cement grout (7 sack mix).

Below the conductor pipe we drilled an 18" hole; the cobble
zones persisted to about 67', with other thinner zones in
the next two hundred feet. Drilling in this upper section
of the hole was thus slow and difficult. Some lost cir-
culation problems were also experienced.

Below that, progress was much faster until a depth of
about 850 feet was reached. In this lower section of the
hole we were dr1111ng in a friable claystone that fre-
quently caved in. On some occasions as much as 90 feet
had to be redrilled. (Our drilling was confined to the
hours 8 am to 6 pm to avoid disturbing residents.)

After running electric logs, we placed 12" casing as a
temporary guide casing to keep the hole open while we
observed temperature and determined whether the hole
needs to be deepened.

The most recent temperature logs show a temperature of
about 147°F at 900 feet

When the drilling of this well has been completed, and the
temperature and flow characteristics have been assessed,
we shall determine whether the hole is best used as a
production or a reinjection well,

Additional drilling will follow to complete the production/
disposal'system.

F1na1 de51gn of the, ‘retrofit will be completed as soon as
we have determined, from the drilling results, the temper-
ature of the geothermal f1u1d we shall be u51ng.

Buried, insulated pipes. w111 be 1a1d from the ‘production
well to’ ‘the boiler rooms’ where plate heat- -exchangers. will
be used’ to transfer heat to the ex1st1ng heatlng System,
The exchangers will bé located where the return 11ne from
the building's heating system enters the b011ers

.Acceptance and optimization tests w111 follow to 1ntegrate
‘the new geothermal system with the old natural gas system
The latter will remain as a permanent ‘back-up, and for S
handling peak demand. .
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A detailed -economic and engineering assessment of the oper-
ating system will follow as the flnal piece of research
maklng up this project,

CURRENT ESTIMATED PROJECT COST: $1,192,894

LESSONS LEARNED

vIn devcloplng a model heat sale agreement a con51derab1e
amount of pioneering was done in'legal form and in the
strategy and .problems of marketing geothermal energy to
‘the public.

A heat sale agreement was negotiated with the Homeowners!
Association under which we are permitted to drill on
'approprlate portions of the Salem property, develop a
geothermal system for them, and sell them the geothermal
heat at a discount below the prevailing price of the
natural gas that they currently use. ‘
A long term agreement was critical, to ensure a sufficient
return relative to the capital cost of exploration and

development.

Various contingencies were important. Normally the geo-
thermal developer needs a signed contract before he commits
enough funds to carry his work to the stage of confirming
the resource and confirming the economic and technical
viiability of his program. He needs to be able to withdraw
without penalty if his work later shows the project is
not practical. ‘

The user, on the other hand, needs protection from a
possible abandonment of the project that might leave
his property scarred or in disorder.

For optimum reservoir development and management where
there are several potential users, it is important to
obtain ‘the agreement of each that excess production from
his property may be used to supply the others, and that
the reverse is equally acceptable, so that his needs may
be supplied by the’ excess produced on other users' prop-

" erties. This gives the developer freedom to.develop and
utilize the resource in the best possible manner, with-
out concern about arbitrary property boundaries.

_Economically it is important to have agreements to éupply
base load heat to a group of users rather than to have to
meet the peak load of one user for a few glorious hours
each year, underutilizing the productive capacity of the
system for the rest of the year.
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It is also important to negotiate price on a basis invol-
ving a true comparison to alternative fuels. Geothermal
heat will generally be metered as delivered heat, on the
user's side of the heat exchangers. If ”eff1c1ency”
could be said to have ‘any meaning in that situation, it
would be 100%. ‘Natural gas or fuel oil boilers, on the
other hand, w111 always have efficiencies well under 100%
and often below 70%. Accordingly a geothermal price for
a delivered therm that is 43% above the price of a "therm"
of natural gas may in fact represent an exactly equal
price in terms of de11vered or usable energy.

Having the user ma1nta1n his pre- existing heating .system
(natural gas, fuel 0il, etc.) is 1mportant for several
reasons. First, it handles the user's doubts about the
possibility that the geothermal reservoir may be used up.
Along with that it covers the developer's worry that
serious liabilities may arise from any interuption in

the geothermal supply in the event of a pump failure or
other malntenance problems Lastly, and quite impoertantly,
the ability to ‘provide baseload heat from the geothermal
supply, but to handle peak demand with the fossil fuel
back-up system 'is_economically very 51gn1f1cant. Eighty
percent of a spec1f1c user's annual heat requirements can
usually be supplied without exceeding 40% of the peak load;
in that case, spreading baseload heating among two and a
half users would then double the incomelgﬁom a given geo-
thermal well, or group of wells (0.8 x TR ' v
In addition to our research on heat sale agreements and

on marketing geothermal energy to the public, we worked
on the details and importance of the broad-scale education
about geothermal energy that is so critically needed.

Our detailed surveys of public awareness have demonstrated
how little the‘genEral public knows about geothermal energy,
and have mapped out in detail the commonly held misconcep-
tions, fears and doubts that need to be handled, and handled

..well, if broad-scale use of geothermal energy is to occur.

A detailed program to accomplish this broad- -scale educa-
tion has emerged from our research in that area

Our work has also 1nc1uded another critically 1mportant
issue affectlng private development of geothermal energy
for dlrect use: whether or not the activity will'be
regulated as a utility. Such regulation could lead to

.a number of problems: costly interaction with a Public
Utility’ Commlsslon or Public Service Comm1551on, confllcts
with ex1st1ng ut111ty serv1ces, whlch are’ normally avall-
taining energy prlces “and proflts at a high enough level
to justify the risks involved in undertaking geothermal
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development; consequent disinterest from potential
“"investors. ) o

“Thé utility issue is a State one. In Oregon, State’
legislation has gredtly eased the development of geother—
mal energy, but in many other States the 1ssue 1s st111
clouded w1th uncertainty. F

. As part of the institutional work that is an 1mport4nt

- component of th1s project, we took up this issue in 1980.
At that tlme, the situation of our project was’ typlcal

of any private enterprise géothermal development in:
Nevada. To be regulated by the Public Service Commission
‘would raise the very serious problems enumerated above
Even worse was the uncertainty of whether such regulatlon
would or would not be applled

Earlier Nevada case law led to an ambiguous‘pictUreQ

|
i

An opinion of the Attorney General in’ the matter of,
Taylor (January 31, 1968) had held ‘that an owner/land-
lord of a shopping center supplying chilled air to hlS
tenants was not performing a utility function, because
"chilled air' was not specifically included in the Nevada
statutes llstlng those commodities defined as utilities.

In another case, in the matter of the application of Mooney
(January 3, 1967), an Attorney General's opinion held that
a shopping center owner supplying electrical energy to his
tenants was perform1ng a pub11c utility function. . "Elec-
trical energy" is included in the statute as a ut111ty
commodity. .So is '"heat'.

Accordingly it appeared there was already established a
strict interpretation of the statutes in this area and that.
a geothermal developer supplying heat via a geothermal
fluid would be subject to PSC jurisdiction.

However, other Nevada cases provided some hope that'utility
regulation might be avoided if the entire geothermal system,
from well to end-user, were located on private land; or if
.only a_51ngle user was supplied with heat,

This " questlon then became critical: Is a Homeowners'
Assoc1atlon a single user, or a group of customers?k“’

. Of course, such special conditions (51ng1e user, prlvate
land only) are unlikely to be met except in small geother-
‘mal developments. These problems might cramp large scale
development, and discourage the critically 1mportant
expansion of geothermal district heating.
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This uncertainly), and the inability to predict whether
PSC regulatlons would be applied after a project had
begun, was in fact worse than the prospect of regulation.

Accordingly, our efforts were to push for clarification
of the issue as a way to remove a major institutional
barrier to geothermal development in Nevada,

We gave testimony before the Legislative Commission's

Subcommittee to Study Geothermal Energy, emphasizing the
need to encourage development with appropriate incentives,
and to remove institutional roadblocks and uncertainties.

We pointed out that neither the large energy companies
nor the utilities showed any interest in developing geo-
thermal resources for direct use, and that this would be
achieved, if at all, by small, presently little-known
companies, eventually ev01v1ng into a new industry. '

For such small companies the red tape of PSC regulations
was a disproportionate burden, and the problem was not
so much how to regulate them, but rather how to avoid
discouraging them with additional regulatory problems.

Without careful regard to these very real problems, and

to the necessity for encouraging investment by favorable
tax treatment, low interest loans, and/or loan guarantees,
the development of this resource (so important in an energy-
poor State like Nevada) might never occur.

Our testimony went along with extremely effective work

by John Nimmons of the Earl Warren Legal Institute, and

by Ken Wonstolen of the National Conference of State
Legislatures. It was well received and understood by

the Legislative Commission's Subcommittee, which was chaired
by Senator Lawrence E. Jacobsen. '

In February 1981 the work bore fruit in the form of Nevada
“Senate Bill 164 by Senators Jacobsen: and Getto, wh1ch was
passed and 51gned 1nto law,

This measure clarlfled the status of geothermal energy’

as groundwater, subject to appropriation ‘doctrine and to
administration by the State Engineer. It also established:
clear définitions of the resource -and of the ba51c terms
involved in activities related to it.

It ended the uncertainty about PSC regﬁlation by providing
amendments to Chapter 704 of the Public Utilities Code
expressly stating that any entity providing heat from
geothermal fluids is a utility., However, it set up
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separate and special requirements. for obtaining a Certifi-. .
cate of Public Convenience and Necessity for a geothermal .
development, cxpressly limiting the requirements to a
showing that an applicant developer has the ability and
competence to perform the proposed services. The other
requirements include certain annual reports and a small, |
tax on geothermal revenues. The proposed contract for
sale of geothermal heat must be filed for review and

approval.

Another crltlcal c1ar1f1cat10n is that the availability
of some alternate form of heat from an existing Public
Utility may not be grounds for denying an application

for a geothermal development.

This leglslatlon has provided what was needed a clear
statement of the procedures a prospective geothermal
developer must follow, and a sufficiently viable frame-

work in which to operate.

" Dr. David J. Atkinson ,
HYDROTHERMAL ENERGY CORPORATION
Los Angeles; Reno
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PROJECT TITLE: Direct Utilization of Geothermal Energy
x for Food Processing at Ore-Ida Foods, Inc.

LOCATION: Ore-Ida Foods Processing Plant, Ontario,
‘ ' Oregon ‘
PRINCIPAL INVESTIGATOR: Mr. Robert W. Rolf, Vice-President, Technical

Services, Ore-Ida, Inc.

PROJECT MANAGER: Mr. John Austin, CH2M HILL
~ ' (208) 345-5310

PROJECT OBJECTIVE:

Locate and develop geothermal resource of 800 gpm at 320°F. Retrofit
existing plant for potato processing, space heating, and hot potable
water.

RESOURCE DATA:

Shake River Basin, (predicted) 320°F at 7,000 feet.

SYSTEM DESIGN FEATURES

Two Product1on Wells

One Injection Well

Central Heat Exchangers

Fluid Transmission Pipeline

Geothermal Fluid Temperature = 300°F (150°C)
Injection Fluid Temperature = 130°F (55°C)
Total Well Capacity = 800 gpm (50.5 L/s)
Pipeline - Buried Insulated Steel

Maximum Energy Ut11lzat1og via Cascading
System Capacity 64 X 1G° Btu/hr
Estimated Annual Fuel Savings - 97,200 MWh

OCO0OO0OO0OO0OO0OO0OO0OO0OO0OO

PROJECT DESCRIPTION AND BACKGROUND

Ontario, - Oregon,- is located Just -across the Oregon-Idaho border,
57 miles northwest -of Boise, Idaho. The ex1st1ng ‘Ore-Ida Foods, Inc.
plant processes potatoes.'corn, and onions. It is currently dependent
on natural gas’ and “011" for ‘process heat. - The plan for this demonstra-
tion program is to -substitute geothermal energy for the potato- procia-
s1n9 hgat and other heat 1oads of about 97,000 Mwh annual]y (33.2 X

Btu/yr

The geotherma1 water wil 1 be transm1tted from the product1on we]] field
to ‘the: plant through ‘4 buried and insulated -10-inch - (25 4 cm) steel
transmission main. Under ‘hormal conditions the p1pe11ne is* expected to
operate at a pressure - -near 100-psig (689 kPa).  The transmission main
will terminate at a building housing the heat exchangers
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The geothermal well pumps will be. 150 hp (112 kW) deep weh] turbines
suitable for continuous operat1on within the well env1ronment' which may
exceed 350°F (117°C) and is expected to be corrosive.

‘P]ate heat exchangers w111 transfer ‘the thermal energy from the geo-
thermal water to the plant process water systems. This | geotherma1
- energy .will. supply- the heat load requirements for several process -oper-
ations which have temperature requirements below 300°F (150°C):  hot and
warm blanching, sugar drag, and drying of the food products.' Generally
in a geothermal system, operation and maintenance costs are not directly
dependént on the amount of energy being extracted from thefgeotherma]
watér. Theréefore, due to the high capital costs, the .user benef1ts by
éxtracting as much thermal energy from the water as poss1b1e - This is
‘usua1]y accomplished by arranging heat loads in series. The geothermal
‘water  is distributed from processes which. require the highest tempera-
tures to those which use lower temperatures. :

The conceptua] design is based on the cascade pr1nc1p1e - to extract as
much of the energy from the 800 gpm (50 1/s) geothermal flow rate as
possible. Figure 1 schematically represents, the planned ! geothermal
system. The hot and warm blanchers will drop the geothermal temperature
from 300°F (150°C) ‘to approximately 200°F (93°C). The sugar drags and
peelers will further extract energy from the geothermal fluid to approx-
imately 170°F (77°C). Space heating, domestic hot water, and process
- make=up water will subsequently lower the geothermal temperature to the
- 100°F (37°C) range. Fluctuations in the amount of energy required for
these lower heat level cascades will cause the final geothermal fluid
temperature to vary.  -The average reject temperature of the geothermal
water will be approximately 130°F (54°C).

In the existing peelers and blanchers, live steam is injected directly
ihto the process water as necessary to maintain the set-point tempera-
ture of the process water. Heat for the sugar drags is provided by
steam coils located in the sugar drag tanks. The present steam systems
will be retained to provide a secondary source of heat in the event the
geothermal system is down for maintenance. .

A majority of the equipment will be operated continuously whenever  the
,product Tine is .in operation. . Water and product flow rates,vary, ‘how-
ever, making the -energy requ1rements for individual pieces of equipment
fluctuate. The actual.amount of energy required for each process will
be controlled by pneumatic valves wh1ch will modulate to ma1nta1n a set
process water temperature.

The system will ‘be fully instrumented with continuous pressure, temper-
‘ature, ‘and, flow recorders to calculate and.record accurately; the .actual
gimount ‘of ‘energy bewng derived from the geothermal source. The informa-
tion thus obtained will be fed to a microprocessor which will ‘calculate
efficiencies, ‘total energy ‘usage., and energy costs.
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Several secondary uses for the 130°F (54°C) geothermal water are also
being considered. These include additional space heating in office
bu11d1ngs maintaining temperatures in potato storage cellars, stabil-
izing wastewater tempetatures for better treatment, and use in byproduct
production. Potato storage requires ma1nta1n1ng the potato cellars at
approximately 42°F (6°C) year around. The minimum heating required
during the winter could be provided d1rectly by geothermal water-to-air
heat exchangers which would be Tocated in the storage areas.

Additional uses of this low temperature geothermal water could include
slab heating, greenhouse operations, and other suitable uses. When all
of the useful energy has been extracted from the geothermal water, the
spent fluid will be collected and transmitted by another steel trans-
mission line to an injection well where it will be pumped back into the
receiving aquifer.

Figure 2 represents the relative amount of energy supplied for simulta-
neous steady-state operation. The area indicated by each process is
proport1ona1 to the amount of energy supplied.

The conceptual design indicates that approximately 50 percent of the
present heat load can be provided by geothermal energy at 300°F6(150°C)
and below as illustrated. This represents approximately 89 X10~ Btu/hr
(25 Mw). ,

Geothermal Resource

The Ontario, Oregon, site is located in the center of the western Snake
River Plain geomorphic province. This province is an accurate struc-
tural and topographic depression which extends from about 25 miles
(45 km) northwest of Ontario, eastward and northeastward across Southern
Idaho, to the v1c1n1ty of Ye11owstone Park, Wyoming. The western 1limb
of the depression is referred to as the Snake River Basin. This basin
is bounded on the north by the mountainous region of Central Idaho and
on the south by the Owyhee uplift. At its northwest end, it is termin-
ated against the B]ue Mountains uplift of East-Central Oregon.

The existence of geothermal potential in the Snake River Basin is sug-
gested by the history of late Cenozoic volcanism and tectonic activity.
This genera] evidence is supported by the occurrence of thermal waters
in springs -and sha]]ow water wells around the base margins. Further
evidence occurs in the re]at1ve1y high geothermal grad1ents encountered
in some deep hydrocarbon exp1oratory test we1ls dr111ed in the bas1n

A limited amount of geothermal exploration has taken p1ace in the basin,
consisting of temperature-grad1ent hole drilling, geochemical studies of
thermal waters, -and local geo]og1ca] and geophysical work. Apart from
small- scale 1oca1 'uses of thermal waters from hot springs and shallow
wells, no 'significant geotherma1ﬁproduct1on has yet been established.
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Several factors must combine to provide a geothermal resource of signif-
icant value. These include the existence of elevated temperatures and
porous rocks capable of producing a useful fluid volume. In addition,

these conditions must occur at depths at which they can be exploited

with econom1c advantage ‘

J

The surface in the vicinity of Ore-Ida is covered by vary1ng lamounts. of
aliuvium over1y1ng poorly-lithified sediments of the Upper Idaho Group

Exposures of bedrock are too poor to permit field mapping of any struc-
tures that might be present. Interpretations of aerial photographs to
~define geomorph1c lineaments of possible structural origin are not known
to have been made in this area. On the basis of regional grav1ty data,

the site is Tocated on the west flank of the north-trending grav1ty high
and at least 5 miles north of the major northwest- trend1ng anoma]y

Although the structuratl s1gn1f1cance of these features is uncertain, it
is. probable that the site is in a relatively structurally How part of
the basin, although not in one of the deep closed lows appear1ng on the
gravity maps. v

A1l of the detailed structural data re]ated to the site were der1ved
from six reflection. se1smograph lines surveyed for this prOJect The
.qua]]ty of the seismic data varies from excellent to poor. . Seven pos-
‘sible fau‘lts were detected. ’

The well s1tes were selected based upon information obtained from a
seismic survey that indicates there is a potential structural fault zone
running northwesterly through the plant site. It is expected that the
fault zone would be more permeable and produce more water than a loca-
tion not associated with a fault.

The: Ore-Ida Foods No. 1 well is located in the northeast quarter of
Section 3, T.18 S., R. 47 E., in the town of Ontario, Malheur County,
Oregon. The drilling contractor was Montgomery Drilling Company,
Bakersfield, California, using a National 55 rig.

: PR
The well was spudded in at 9:00 a.m. August 18, 1979. . A 17-1/2-inch
hole was drilled 925 feet, where a 12-3/8-inch casing was set on: Aug-
ust 22, Figure 3.

After installing the blow-out preventers, drilling resumed in a
12-1/4-inch hole from 925 to 7,154 feet, where geophysxcaﬂ togs and
temperature surveys were run on September 18 to 20. Drilling continued
to 7,958 feet, where a second set of geophysical and temperature logs
were run on October 1 and 2. A 9-5/8-inch casing was run to 8,183 feet.

Below 8,183 feet, an 8-1/2-inch hole was drilled to a tota] depth of
10,054 feet, reached on November 8. On reaching the total depth geo~
phys1ca1 and ‘temperature logs were run from November 8 to;10 and a
7-inch s]otted liner was suspended from 8,142 to 10, 038 feet on
November 13. The slots extended from 8,187 to 10, 036'feet are
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125 mesh, in 8 rows, 2 inches long, with 6-inch centers. The testing
operations were conducted from November 16 to 18 and from November 24
through 27.

The QOre-Ida Foods No;Viﬁwe11 was drilled in order to develop a flow of
800 gpm of water at about 320°F. The actual conditions found are sum-
marized as follows. :

Equilibrium temperatures of 300°F occurred at a 'depth of about
7,000 feet in the Ore-Ida well. The gradient continued to increase at
an average rate for the remainder of the hole to a total depth of
10,054 feet. The equilibrium temperature at total depth is estimated to
be near 385°F. It appears that the project temperature requirements can
be met at economically attractive depths in the Ontario area if an
adequate fluid flow could be obtained.

The rocks most likely to contain reservoir potential within the depth
interval of favorable temperature are basalt flows. Basalt units are
interspersed through the Qre-Ida well section from a depth of 4,570 to
8,135 feet, and an aggregate of 1,425 feet of flows occurs in the
1,919-foot section below a depth of 8,135 feet. However, the depth to
the top of this predominantly basalt sect1on is approximately 2,000 feet
deeper at the well site than had been inferred from ref]ect1on seismo-
graph data. Although a thick section of basalt has been penetrated, no
important zones of high porosity and permeability were encountered.
Large basalt intervals have been included in formation tests, but there
is no evidence that diffuse fractures are capable of producing an aggre-
gate fluid volume approaching a useful level.

PROJECT STATUS

Numerous attempts to improve the flow characteristics of Ore-Ida No. 1
well have met with 1ittle success. The most recent action was performed
in May 1981. Los Alamos National Laboratory performed a temperature log
of the hole and participated in a fluid injection pump test. On May 19,
the well was pressured to 1,400 psig and approximately 500 gpm pumped
into the well in an effort to produce a mini hydrofrac in the lower
zones below- 7, 000 feet. As indicated in the temperature profile shown
on Figure 4 a]] ‘of the pressurizing fluids were lost:at.-the 5,900~ to
6,000-foot interval. An unsuccessful attempt to seal these perforatlons
was made before abandon1ng the test on May 20

Presently, plug and abandon procedures are be1ng outlined to seal the
well. = Additjonal funds requ1red to set deep packers and conduct a
second hydrofrac test do not appear to be available in the near future.

It is recommended,” however, that actual plug-and abandon not be.per-
formed for severa1 years 1in anticipation of additional funding and
interest for stimulation of Ore-Ida No. 1 well.
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1.0 PROJECT BACKGROUND

In July, 1978 the Utah Energy Office, on behalf of the State of Utah,
submitted a successful proposal to the Department of Energy (DOE) in
response to a Program Opportunity Notice (PON) for Direct Utilization of
Geothermal Energy Resources.

The Utah Energy Office PON proposal proposed to develop the Crystal
Hot Springs geothermal resource located on private property adjacent to
the Utah State' Prison at the southern end of the Salt Lake Valley. The
objective of the PON was to demonstrate the economic and technical feasi-
bility of providing sufficient geothermal water for use in a variety of
direct applications at suitable sites within the Utah State Prison complex.
A geothermal well, heat exchange system, and injection disposal well were
proposed to form the initial demonstration of providing geothermal water
for space heating and domestic water heating for the minimum security
facility at the Prison. :

Consisting of dorms, offices, a gymnasium, and a cafeteria, the
72,000 square foot minimum security facility was considered a good candi-
date for retrofit to geothermal energy for three reasons.

1. Due to its size and function, the facility consumed a large
portion of the energy used at the Prison,

2. The minimum security facility's location as the nearest major
prison building to the Crystal Hot Springs resource; a distance
of only 400 meters, and

3. The existing building's space heating system was a hot water
system and was considered to be a relatively easy retrofit for a
geothermal heating system.

The initial demonstration of providing the minimum security facility
with space and hot water heating was intended to form the nucleus of a
system which potentially could be expanded to provide the bulk of the
heating requirements for the entire Prison (Figure 1).

In order to meet the objectives of the PON proposal, the Utah Energy
Office programmed the project into three phases consisting of:

Phase | - Resource Assessment

° Additional geophysical reconnaissance comprised of aeromagnetic
and gravity surveys of the Crystal Hot Springs resource area.

° Resource monitoring program to establish baseline thermal,
hydraulic, and chemical characteristics of the Crystal Hot Springs

resource area.

° Selection of a drilling site on Prison property for a deep test
well. .
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° Short terni"af'icééian flow testing prbgram to assist in fixing a
production well design and to providé information needed for
completion ‘of a preliminary heating system design.

Phase |l - Resource Development
°  Selection of a site on Prison property for drilling a production
well.
° Detailed evaluation of well and reservoir characteristics.

|"»q .

° lnvestlgatlon of d|spos.ax~lf.

° Preliminary system desng ﬁd_ e_c;ondrﬁic and technical feasibilty
assessment. - _ N '
Phase lll - Construction and.-"l’hspection of Demonstration
° Final system design.
° System construction.
° Commissioning and initiation of monitoring and performance

verification program.
Work on the project was to begin in March, 1979, with the writing of
the environmental report and culmmate with the startup of the heating
system in September of 1981.

The total estimated cost for the project is $637,326 with a cost share
arrangement assigning $458,704 to DOE and $a:1;78'622 to the State of Utah.

2.0 PROJECT DESCRIPTION

2.1 Resource .

Developmen't is focused on the Crystal Hot Springs geothermal
resource, the surface expression of which is located on prlvate property
adjacent to Prlson pr‘operty (F1gure 2).

" The' Crystal “Hot Sprlngs geother‘mal system is a deep convective
system located at the eastern margin of the Basin and Range physiographic
province. The_ thermal springs are located north of an east-northeast
trending horst that is ‘perpendicular to the structural trend of Wasatch
Front grabens.  The horst, known as the Traverse Range, consists of
highly fractured mid=-Paleozoic quartzites and tertiary volcanics. Meteoric
water enters -the’ system in the adjacent ranges, circulates to depths of 3
Km, and is heated. ' The thermal fluids return to the surface along steeply
dipping range front faults that bound the northern flank of the range.
The thermal springs issue -between two such faults that are buried beneath
Tertiary and Quatenary age valley fill deposits. Highly fractured quart-
zite beneath the valley fill act as a near-surface reservoir for the thermal
water that is being targeted for development.
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. The surface expression is defined by several hot water spring .dis-
charges contamed within a 70 acre area. At the center of the Crystal Hot
springs resource area springs issue to the surface through alIuvnum that is
approxnmately 80 feet thick.

The maximum measured temperature at Crystal ‘Hot Sprlngs is- 98°=
recorded in the bottom of th,ev4 - foot: Utah Roses well. The chemlcal
quallty of the thermal wate‘s .are excellent The total dlssolved -solids
content is between 1,500 ~ 1,700 : ,

L
B

2.2 System} Design

In the minimum" L ‘ xns'tmg system, heat from steam
_supplled by the natura ‘ e al boi plant, is exchariged onto
fresh water which is ) gh h bundlng This system will- be
modified by the: addltl‘ -of ‘ge r/fresh water heat exchangers
in series with steam, A space-and .culinary water: heating.

Apart from supplemen

.the rest of the system will be
left essentially in tact.

§o.
i

, : , ces USP/TH-1, the well will be
"pumped. A 50 hp vertical: t ump; set at approxnmatehy 500 feet,
capable of producing flows up gpm, .is proposed. The pump dis-~
charge will connect to a 6- mch diameter epoxy-lined .insulated asbestos-
cement transmission plpelme,.burled at a safe depth. The transmission
jplpelme will be routed as directly as p055|ble to the. two mechanical rooms
in the minimum securlty facnllty :

S

Heat Exchangers o

Located either within these mechamcal rooms or just outside .in their
areaways, plate- type heat @xchangers will transfer heat from the 175° F
geothermal water into the existing space heating and domestic hot water
systems that serve minimum seturity. The heat transfer would be
accomplished through stainless steel plates that separate and completely
_isolate the hotter geothermal water from the space heating water and from
- the domestic hot water. .

Control

Control of the geothermal flow woqld be regulated by two-way control
valves that modulate in respons: o actual heating loads. Such a control
system could minimize the geothermal fldw, thereby conserving the resource
and minimizing the geothermal dlscharge to the receiving stream.

DISROSEN Pipeline

: . After leavmg the heat exchangers, the spent .geothermal water, now
. 40° F to 50° F cooler, would be. -handled by a 6-inch diameter epoxy-lined
asbestos-cement disposal plpelme, buried along the same route as the
- transmission pipeline. The buried disposal plpelme will continue ,past the
production well through the Prélson farm to a coolmg pond Iocated approxi-
mately 5,000 feet to the northwes%
i

§
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° ~ Short term artesuan flow testlng program to assist in fixing a
‘ to provnde information needed for

o "? Prellmmary system d_ ic ‘and ‘technical feasibilty
S assessment g .
Phase - COnstructnon and ln‘spectlon of Demonstratlon
° Flnal system desugn L i
&
o System construction.
o Comm|sS|onmg and |n|t|at|0n of momtormg and performance

verification. program
‘Work on the pro;ect was to begm in March ‘1979, with the writing of
the environmental report and culminate with the startup of the heating
system in September of 1981. ,' .

The total estimated cost for the pro;ect is $637,326 with a cost share
arrangement assigning $458,704 to DOE and $q;78 ,622 to the State of Utah.

2.0 PROJECT DESCRIPTION

2.1 Resource

Development is focused on  the’ Crystal tHot Springs geothermal
resource, the surface expression of which is located on private property
adjacent to Prlson property (F1gure 2y, -

The Crystal’ “Hot Sprmgs geothermal system is a deep convective
system located at the eastern margln of the Basin and Range physiographic
province. The thermal springs are located north -of an east-northeast
trending horst that is perpendlcular to the structural trend of Wasatch
Front grabens.  The horst .known as the Traverse .Range, consists of
highly fractured -mid-Pale‘ozoic ‘quartzites and“tertiary volcanics. Meteoric
water enters ‘the: system “in the adjacent ranges, circulates to depths of 3
Km, and is heated. :‘Theé thermal fluids return to the surface along steeply
dipping range front faults that bound’ the' northern flank of ‘the range. .
The thermal springs issue bétween two such:faults that are buried beneath
Tertiary and Quatenary age valley fill deposits. ‘Highly fractured quart-
zite beneath the valley fill act as a near-surface reservoir for the thermal
water that is being targeted for development.
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.The surface expression is . med ;‘by several hot water spring dis-
charges contamed within a 70. ac area.; At the center of the Crystal Hot
springs resource. area springs |ssue to the surface through alluvium that is
approximately 80 feet thick. :

The maximum measured temperagure at Crystal Hot Springs is 98° C
recorded in the bottom of the, 410: fpot Utah Roses well. The chemical
quality of the thermal waters - are, excellent. The total dlssolved solids
content is between 1,500 - 1, 700 ’"ppmg

o
!

2.2 System "Dte"s‘i gn

@éxisting system, heat from steam
supplied by-the natural gas flred”é ntral boiler. plant, is exchanged onto
fresh water which is circulated thi ough the building. This system will be
modified by the addition of.geothermal water/fresh water heat exchangers
in series with steam/water units for both space and culinary water heating.
Apart from supplementary pumplng capacn:y, the rest of the system will be
left essentially in tact. i

In the minimum security facifil

To produce the necessary ﬂows from USP/TH-1, the well will be
"pumped. A 50 hp vertical turbme pump, set at approxmately 500 feet,
capable. of producing.flows up to 288 gpm, is proposed. The pump dis-
charge will connect to a 6-inch diameter epoxy-lined insulated asbestos-
cement transmission pipeline, buried at a safe depth. The transmission
.plpelme will be routed as dlrectly as possnble to the two mechanical rooms
in the minimum security facility. .- i

Heat Exchanger

Located either w1thm these mechamcal rooms or just outside in their
areaways, plate type heat e-xchangers W;I“ transfer heat from the 175° F
geothermal water into the existing: space ‘heating and domestic hot water
systems that serve minimum seclrity. The heat transfer would be
accomplished through stainless steel plates that separate and completely
isolate the hotter geothermal water from the space heating water and from
the domestic hot water.

Control : t;_ %

Control of the geothermal ﬂow would be regulated by two way control
valves that modulate in response (t 'actual heating loads. Such a control

:,.,

Dlsposal Plpellne

: After leaving the heat exchangers, "the spent geothermal. water, now
- 40° F to 50° F cooler, would be.handled by a 6-inch diameter epoxy- lined
asbestos-cement disposal plpelme, buried along the same route as the
-transmission pipeline. The bufied disposal pipeline will contmue past the
production -well through the Prison farm to a coolmg pond Iocated approxi-
mately 5,000 feet to the northwest.




Cooling Pond and Outfall

At the fully lined cooling pond, incoming spent geothermal water will
be sprayed through the air . into the pond to further cool the water to a
temperature suitable for discharge. . From the cooling pond, the cooled
geothermal water would flow by gravity through a buried pipeline to a
diffuser in the receiving stream.

2.3 Project Economics

To evaluate the economic beneflt to the State Prlson, natural gas
consumption for heatng the mlmmum" seturlty facility was estimated based
on an analysis of the building envelope,f current operational procedures of
the mechanical systems,; and actual -utility records. For both space heating
and domestic water heating,:it was estimated that 16,500 million BTU per
year are required. Assuming an overall Prison physlcal plant efficiency of
60 percent, 27,500 million BTU per year input is required to meet that
load.

This requires approximately 31 million cubic feet per year of natural
gas. Since only a partial retrofit is proposed, the geotheraml system
would not competely eliminate natural gas consumption for the minimum
security facility, but approximately 66 percent could be saved, amounting
to 21 million cubic feet per year.

To develop energy .cost savmgs for the 20 year antnmpated life of the
project, the current natural gas price and estimated price escalatlons are
as follows:

Current Price: $2.26 per 1,000 cubic feet
Estimated Escalation: 18 percent per year for 1982 - 1986, then
12 percent per year for 1987 - 2001.

To assess operation costs for the geothermal system, which must be sub-

tracted from the natural gas savings, electrical energy consumption by the
production well pump was estimated. Current power prices and estimated
price escalations are as follows: '

Estimated Consumption: 170,000 kWh per year

Current Price: . $0. 038 per kWh .

Estimated Escalation: "15.percent per year for 1982 - 1986 then
: 12 percent per year for 1987 - 2001.

In addition to operatton costs for. the geothermal system, mamtenance costs
must also be subtracted. from the natural gas savmgs . :

Estimated Mamtenance .$5,900 per year in mid-1981 dollars
Estimated Escalation: 11 percent per year

By subtractmg the oper'atnon and mamtenance costs fr'om the natural gas
cost savings for each of the 20.years of ant|c1pated operatlon, net cost
savings are found. These are presented in Table 1, which is a 20 year
cash flow for the partial retrofit of the minimum security facility.
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An economic analysis cannot ‘be cons;dered comp]ete without assessing
the affect of the 'time value of money." This has been accomplished by
discounting the annual cost savings by a percentage that reflects this time
'value--assumed to be 10 percent throughout the anticipated 20 year life.
Th|s is |nc|uded m Table 1 in the ‘two 'rlght hand columns

lt can be lnferred from the; cash flow analysus that - the cost of
construction, estimated at $429, 050 will .have been recovered after’ approxi-
mately 9 years of operation. This can be found in the Cumulative Present
Work column at the far right in Table 1.+ Sunk costs. are lgnored because
it is only future. costs which are germane to current decusnons on the
future of the pro;ect L
: Slnce the State s current share of‘ the project costs is approxumately
. $135,000 ($60,000 of “which is "inrkind ‘servVices), its investment will have
been: recovered after approxmately 3 yea“ s of operatlon

3.0 PROJ.'ECT STATUS

3 1 Geophysacal Reconna:ssance

x ; A
The geophysacal reconnalsisance program was designed to provide
subsurface details- of the geologlcal structures controlling the thermal
springs in the vicinity of the Crystal ‘ot Sprlngs resource area The
program consisted of: a) a detailed gravity survey, and b) a detailed
aeromagnetic survey; both conducted under the auspiciés of the DOE/DGE
State Coupled Geothermal Resource Assessment program. »

Results of the detailed gravity revealed a complex faulted bedrock
surface buried beneath the uhconsolidated alluvium materials present on
the valley floor. Interpretatlon of the gravity data identified an area
north of the springs in the v1cm|ty of the State Prison farm where
fractured quartzite was present- at.approximately 275 feet below the surface.
Because of the known association: between the thermal springs and the near
surface presence of -quartzite at 275 feet, this intermediate depth bedrock
was selected as a target for the test hole. drlllmg program.

3.2 Test Drilling Program

The geophysical reconnaissance program provided the structural
details needed to focus the exploration program on the most promising
production targets available on Prison property. The purpose of the
follow-up test hole drilling program was:to test these targets for the
_presence of significant quantities of therm,al water and to provide holes to
'be used for the purpose of prehmmary reservolr assessment.

The test- hole drilling progr‘am confrrmed the bedrock model that
resulted from the detailed gravity survey and confirmed the presence of
significant quantities of thermal water within the fractured quart2|te A
thermal" gradlent ‘monitoring well, - (SF-1) an existing hole, was deepened
from~ 270 ‘feet to 500 feet and flowed artesnan at 300 gpm upon . lcompletion.
A ‘new test hole; USP/TH-1, was"drilled“to a.total' depth. of 1 000 feet.
USP/TH-1 penetrated 640 feet of’ quartznte and initially rowedrartesnan at
between 800 - 1,200 gpm, F1gure 3.
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Results of the driljljiné program also suggest that the quartzite is not
homogeneously fractured and that the upper portion of the quartzite is
relatively impermeable.

3.3 Preliminaf‘y Well and Reservoir Testing

A testing program was designed and implemented to help fix a produc-
tion well design and to provide:information needed for completion of a
preliminary heating system design. ' Specifically, data on noncondensable
gas flash-point and drawdown were needed to assist in fixing the setting
depths of downhole pumps. Data suggesting long-term reservoir produc-
tivity were also needed to establish the overall feasibility of the direct
application project. #

Noncondensable Gases

Noncondensable gas concentrations (CO,) at wellhead conditions were
found to range from .08 to .22 weight percent. Using soluability relation-
ships and the measured gas concentrations, noncondensable gas flashpoints
in the wellbore were calculated to range from 140 feet to 270 feet from the
wellhead under hydrostatic wellbore conditions. These results imply down-
hole pump setting depths of at least 220 feet.

Artesian Flow Test

Analysis of surface and downhole/recovery data from well ‘USP/TH-1,
and drawdown/recovery data from well SF-1 yielded the following values
for important well and reservoir parameters:

° Permeability = 1,570-4,340 milledarcy (hydraulic conductivity of
12.3-34.0 feet per day)

o Poiosity - Compressibility Product = 1.59 X 10_5 psi"1
° Well Skin Factor = -1.51 |

° Reservoir. Area = 4.5 X :106 fts

°  Impermeable Boundary Location = 730 feet from well

°  well/Reservoir Shape Factor = .101

These parameters indicate a highly: permeable reservoir of somewhat
limited area. The well/reservoir shape factor and the inferred impermeable
boundary location indicates that test well USP/TH-1 is completed within the
periphery of the reservoir. - The proximity of USP/TH-1 to reservior
boundaries was evidenced by rapid transition from an infinate-acting to a
pseudo-steady-state flow regime.observed in the drawdown data.

Long Term. Productivity

Predicted pressure drawdown (Figure 4) versus drawdown time for
several different flow rates suggests that long term deliverability of USP/
TH-1 is somewhat limited due to reservoir boundary effects. In its current
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configuration, USP/TH-1 would be capable of sustaining shor't term flows
|n excess of 100 gpm to meet peak load requirements. :

Due to the Prison property's proxnmrty to the reserwvoir boundary,; it
was determined that drilling a productionjwell would not S|gnlf|cantly
enhance the Prison's chances of getting more productivity from ithe reservoir.
USP/TH-1 will therefore be used as a product;on well, saving the PON the
cost of demg and lining an additional well x

{ t
Further testing is: ant:cnpated in the nfear term. The two-day artesian
flow testing conducted during February was not conducted for ‘a period of
time sufficient to assess the effect of syslem recharge upon the perfor-
mance of USP/TH-1. We have just begun initiating work for a long term
(20-30 day) pump test of USP/TH 1 to- verify the prodicted long term
drawdown characteristics and assess any system recharge effects.

3.4 InvestJiatlon of Dlsposal Alternatlves

As outlined in the original pr'oposal the proposed method of disposal
was injection into a well that would be drilled specifically for that purpose.
Other disposal means ‘were to be investigated, but injection disposal was
the only assumed option for the prOJect

in May, 1981, CH,M Hill was retained to investigate and develop
disposal alternatnves for the geothermal water. The options investigated
for disposing of water from the proposed .geothermal heating system were:

@ Underground dischar‘ge'(injectio}ﬁ)

° Surface discharge (ir,r."iv'g_ation, eer‘culation, evaporation)
° Sanitary sewer discharge

® °  Canal discharge |

° River discharge

These options were considered individualfl;y;and in combination from the
following standpoints:

e Technicat feasibility

° Economic feasibility.
o Institutional acceptability
° Environmental acceptab'ii‘iy

Based on the assessment of the disposal options for the Utah State
Prison geothermal project, one viable option has been |dent|f|ed--to trans-
port the geothermal water by pipeline, and discharge it into the Jordan
River.  Significant degradation. of the quality of the Jordan aner would
not result from the geothermal d»schar‘ge
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An application to surface dispose is currently pending action by the
Bureau of Water Pollution Control. A decision will be made on this applica-
tion on September 25, 1981. o

3.5 Preliminary Design

The Preliminary Design Report is expected to be available for review
September 23, 1981. Except for the surveying and preliminay scale drawings
(which were put on hold until the disposal question is settled), this phase
of the project is forecast to be 95 percent complete by that date.

For the past several months, ouf work on the preliminary design has
been based on the assumptions that: 1) disposal by direct discharge to
the Jordan River is the only viable option, and 2) well productivity is
limited to a 100 gpm average for an 8 month season, with a maximum
drawdown of 275 feet. |If the results of the proposed pumped flow test
indicate that these assumptlons are not valid, adjustments in the proposed
system (and perhaps construction budget) wnll be necessary during final
design.

Component Sizing

Even though the results of the resource work to date suggest that
the production potential is limited, the approach taken during pr‘ellmmary
designh has been to provide erxnblllty in flow capacity for the major_com- -
ponents. The pipelines have been sized to carry up to 300 gpm without
substantial friction loss. Heat exchangers are proposed for both mechanical
rooms, with the combined capacity to transfer 4.5 million BTU per hour.

~ Because the existing well is small in diameter, the well pump is the
hmltmg component. Although the well casmg size is adequate at 8 inches
in diameter, the usable depth of the casing is not adequate (approximately
260 feet). Drawdown is anticipated to be 275 feet at maximum, and another
255 feet of submergence (water above the pump impellers) may be necessary
to avoid noncondensable gas evolution during pumping. Therefore, a
pump will have to be set at a depth greater than 500 feet. This means
the pump will have to~be extended*‘into the 6-inch liner.

A vertical. turbine lineshaft " pump that wiil’ barely fit into the liner is
proposed.. _Because the setting must be. relatively deep, there is a limitation
on the speed at whlch the pump should be driven--1,800 rpm is considered
the maximum. A pump that: meets these ‘criteria w:II not produce a flow
greater than 150 gpm at the maximum drawdowh. - However, at times when
the water level in the well-is relatlvely hlgh the -pump could provide a
peak flow of- approxumately 200 gpm. S

If the results of the pumped flow test prove that the well's produc-
tion potental is as limited as we have assumed, then a slight downsizing of
the system to match pumping could be. consndered during final design. In
‘that event, it might be desirable from a cost standpoint to retrofit only
one of the two mechanical rooms in m|n|mum security. The other mechanical
room would continue to "be served’ by steam only. Downsizing of the
pipeline, especially the disposal pipeline, would not be recommended unless
further geothermal resources development at the Prison were ruled out.

51




Dlsposal System B

; 0

It is- essential that the pressure in' the geotheral system be held
above the point at which the noncondensable gases evolvé fr'om solution.
This is necessary to control scaling in the, heat -exchangers and the pipe-
lines. Because a surface disposal permit will require cooling: ofi: the spent
geothermal water, a cooling pond wull be necessary. At the mfluent to the
cooling pond, the pressure will be released, allowmg the noncondensable
gases to come out of the solutlon

The spent geothermal 'water, " ‘cooled to' approximately 35° F above the
river temperature, will flow by gravnty from the pond to the Jordan River
in a pipeline oversized to provude excess diameter for scale bunld up.
High density polyethylene plpe IS under consnderatlon for the ~gravity
pipeline. : N
! e
Two important questions’ concernlng the gravity plpelme wnll have to
be settled before final design: :

1. Because an irrigation . canal must be crossed, the gravity piepline
will have to be continuously sloped downward for freeze protection.
Until a field survey is conducted, this will have to- ‘be assumed

possible.
2 A right-of- way will be necessary for crossmg under' a railroad
bridge overthe canal. lnvestngatlon of this was not flncluded in

- ‘the preliminary desngn scope C o F

Another important question must be answered concerning ‘the location
of the cooling pond. All of the potential sites that are technically feasible
will require land that is currently under cultivation. The area that will be
required is approximately. one fifth of an ‘acré. The State has not had an
opportunity to review the proposed location and determine is acceptability.

4.0 PROJECT SCHEDULE

Several major project decisions will be made in the hext month.
- These decisions, based upon: a) the disposal method approved by the
Bureau of Water Pollution Control b) long term deliverability of well
USP/TH-1 as estimated by Terra Tek inc., and c) costs to completlon of
‘construction; ‘will ultimately determlne the future disposition of the project
and necess:tate major adjustments to the progr‘am schedule. .
Pendmg resolutions of these three ltems, a tentative progr?am schedule
for Phase [l has been developed. S

° Fmal DeSlgn - December, 1981- -February, 1982
o Constr‘uctlon - April, 1981- vSeptember, 1981

° Startpp - September, 1981-December, 1982
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UTAH STATE PRISON SPACE HEATING PON REPORTS

(CooperatiVe:Agreement No. DE-FC07-79ET27027)

1. 'Murphy, Peter and Gwyhn, J. Wallace, Geothermal Investigations at
Crystal Hot Springs Salt Lake County, Utah, Report No. DOE/ET/28393-1,
Contract No. DE-ASO7-]7ET28393, October 1979.*

2. Terra Tek, Inc.,_Environméntal Report, Utah State Prison Geothermal
Project, Report No. TR 80-25, March 1980, revised July 1980.

3. Blair, C. K. (Terra Tek, Inc.), Utah State Prison Space Heating with
' Geothermal Heat, First Semi-Annual Report for the Period 14 March, 1979 -
14 June, 1980, Report No.. DOE/ET/27027-1, Cooperative Agreement No.
DE-FCO7-79ET27027, July 1980.

4. Specifications for a Geothermal Test-Drilling Program at the Utah
State Prison, Draper, Utah, June 1980.

5. Utah Energy Office, Utah State Prison Space Heating with Geothermal
Heat, Second Semi-Annual Report for the Period June 1980 - December 1980,
Report No. DOE/ET/27027-2, Cooperative Agreement No. DE-FC07-79ET27027,
April 1981.

*For reference, not prepared under subject contract.
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Tablel

20-YEAR CASH FLOW FOR A PARTIAL RETROFIT (66%) - RIVER DISPOSAL

Net . :

Natural Gas - Additional Additional Cost Present . Cumulative -

-Cost Savings?@ Elec. CostsP - O&M Costs®€ Savings wo;chd Present Worth

Year*® $47,300* $6,450* $5,900¢* , T .
1 $55,814 -$7,418 -$6,549 = $41,847 $38,043 L gra nan
2 65,860 - 8,530 - 7,269 = 50,061 41,373 79,416
3 77,715 - 9,810 - 8,069 = 59,836 44,956 124,372
4 91,704 -11,281 ~ 8,957 = 71,466 48,812 173,184
5 102,708 -12,635 ~ 9,942 = 80,131 49,755 222,939
6 o 115,033 ~14,151 ~11,035 =- 89,847 - 50,716 - 273,655
7 128,837 -15,849 ~12,249 = 100,739 . 51,695 - ‘325,350
8 144,297 -17,751 ~13,597 =-112,949 52,692 378,042
9 161,613 . -19,881 ~15,092" = 126,640 53,708 . 431,750
10 181,007 -22,267 ~16,753 = 141,987 54,742 - 486,492
11 ' 202,727 -24,939 ~18,595 = 159,193 ~ 55,796 . 542,288

S12 © 227,055 —27‘931 ~20,64) =.178,483 . 56,870 599,158 -
13 254,301 .~31,283 -22,911 =.200,107 © 57,964 £52,122
14 - 284,817 -35,037 ~25,432 = 224,348 59,078 716,200
15 318,995 -39,242 -28,229. = 251,524 60,213 . 776,413
16 357,275 -43,950 -31,334 = 281,991 61,369 837,782
17 400,148 ~49,225 -34,781 = 316,142 62,547 900,329
18 448,166 -55,132 -38,607 . = 354,427 63,747 964,076
19 501,946 ~61,747 -42,854 - = 397,345 64,969 1,029,045
20 562,179 ~69,157 -47,568 = 445,454 66,214 1,095,259

$1,095,259

418 percent escalation for the first 4 years, then 12 percent.
b15 percent escalation for the first 4 years, then 12 percent.
€11 percent escalation for all 20 years.

dpiscount rate is 10 percent.

*Mid-1981 costs.

**Starting with 1982-1983 heating season.
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EL CENTRO

GEOTHERMAL ENERGY UTILITY CORE
FIELD EXPERIMENT

Principal Investigator:  Abdel Salem For information contact:
Clty Manager DaTY] Avrit (7]4) 352-439

City of El‘ Centro, California

‘Project Team: City of El Centro, WESTEC Services, Inc., Chevron Resources

1.0 PROJECT DESCRIPTION .

 The City of El Centro is conducting a geothermal energy utility core field
experiment to demonstrate the engineering and economic feasibility of utilizing
moderate temperature geothermal heat for space cooling, space heating, and domestic
hot water heating. In this application, geothermal fluid at an anticipated temperature
of about 250F (121C) will heat a secondary fluid (water). The secondary fluid will either
be utilized directly or processed through an absorption chiller to provide space
conditioning and water heating for the El Centro Community Center, a public
recreational facility.
2.0 RESQURCE DATA

The pilot scale facxhty and well site for this experlment will be located on a

parcel of vacant land located in the northeastern sector of the City of El Centro. The
El Centro Community Center is located approximately one-half mile south of this
parcel. The selected area is situated on the periphery of the .13.5 square mile Heber
KGRA, estimated to contain 12.4 percent of the Imperial Valley's total geothermal

resources.

According to geologlc analyses prepared by Chevron Resources and Cascadia
Exploration, shallow temperature gradxent holes drilled in the area define a geothermal
anomaly centered 1mmed1ately south of the town of Heber. Reservoir temperatures
from field wells are as high ‘as 375F. There 1s further evndence that the anomaly
decreases to the north in a radnal pattern from Heber. '

With specmc reference to the El Centro dr1lls:te, Chevron analyzed temperature
data from its Hulse #1 well’ at Heber and the Magma ‘Bonanza #1 well located about
three miles northeast of the proposed site. Pro;ectmg thxs data, Chevron then prepared
a thermal cross section of the area (Flgure 1. Based on this cross section, the targeted

temperature at the drillsite should be reached at a total depth of 8500 feet, Figure 2.
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30"  SYSTEM!FEATURES o | 4
Orice” the' \xié'll'sffﬂ'h'aVe'>b‘éen‘7‘co‘mplete d‘anditested, the pilothot: water/chilled:water:
plant® at: the well' site® will’ be" consttucted:. : Heat' extracted: from: the: brine: will: be:

transferred: t6° the' working: fluid: (water): through' a: conventional: shell. and! tube: heat:
exchanger. Pressure ofi - the® brine- will\be: maintained: to- rprevent: flashmg City: supply:
watet was' selécted! as’ the" workmg fluid: Because of its: relanvely low: cost: andt
availability.- The heated water’ will'be used in* the winter for space heating,andidomestic:
hot: water’ néeds: During: the summer,: the' heated water will be' used: to: operate: a:
- packaged: lithium: bromrde absorptlomchlller for space cooling: the: Commumty Center-.
The' chiller will réquire’ hot- water: at' approximately 235F to: produce chilled! water at:
42F diiring: the’ cooling; mode: The' Ge“nt'er ‘will'be retrofit with:heating/cooling; couls for
the“space condltronmg requrrements., Figure: 3

v A total of approxxmately 602 mxlhon Btu/yr of energy presently: consumed by: the
E.l Centro Commumty Center is: potentially replaceable by geothermal energy. For: this.

demonstratlon, the geothermal hot/chilled water plant will be SlZed to: handle:
approxxmately 97 percent of this annuali load. This means that approxlmately 200 000:

'cublc feet of natural gas and 87, 600 kilowatt hours of electricity will be replaced each

yéar by geothermal energy.

Aftér the usable heat has bieen removed, the geothermal brine will‘ be disposed: of
by pumpmg the fluid down: the injection well into a shallow, comparatlvely cool
geothermal regron. Reln)ectlon temperature of the brine is expected to be at about
L60F. -

4.0 . STATUS L

At the last review meeting, the Clt)’ had issued bids for drrllmg and for related
supplles and services in connection with drllhng Responses received by the closing date
of 1December l; 1980 were legally insufficient for purposes of awarding a local
gov’e”‘r'h'r""ne”ﬁt‘al public works contract. Having"'vCompli‘ed with the reciuirement of the
competmve bid process; the City was free to negotiate with selected companies.
Several compames within each service category were contacted and responded.
Seléctionis have been made, and negotlatlons have been conducted. ‘

A problem arose with respect to the casing procurement. The rpcent increase in
domestlc drrlhng has created a shortage of casmg After contacting numerous suppliers
around the country, the Clty has flrm commltments for all casing. Inspection and
delrverxes should be completed by the frrst week of October with drxlhng to begin mid-

October.
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In accordance with the City's contract with DOE, a well test plan was also
submitted to DOE for approval in June. The purpose of this well test plan is to
determine if the minimum performance standards required for the success of the
project will be met by the geothermal production and injection wells. The minimum
performance required from the two wells is basically the ability to produce geothermal
fluid at a temperature of 250F and at a pumped production rate of 100 gpm and then
reinject said fluid, after partial extraction of thermal energy, into a subsurface zone
which is not in communication with shallow freshwater aquifers.

After theswell is drilled to total depth (+4000 ft), but before casing is set, several
temperature surveys and a complete suite of electrical well logs will be run. Utilizing
temperature information, includihg the time elapsed since the previous temperature
survey and since the last circulation of drilling fluid, Chevron reservoir engineering
personnel will calculate a stabilized temperature profile for the well. Chevron will
extrapolate this information to determine the probability of hitting the target
temperature at target depth (+8500 ft) for the production well. Assuming a favorable
decision to continue drilling;‘i;hiS' phase of the project should be completed by the end of
December. -

5.0 CURRENT ESTIMATED PROJECT COST
" Total Project Cost: $2,959,000
DOE Share: $2,794,000 (94%)
Participant Share: $165,000 (6%)

6.0  LESSONS LEARNED

1. Equipment and materials may be difficult to obtain from suppliers
for small, o'ne-timé pkdjebté; This is particularly true when the items, such
as well casing, are in short supply. Regular long-term customers get preferen-
tial treatment.

2. Regulatory approvals took longer than estimated. A local govern-
ment is slowed by restraints associated with bidding and procurement which

a private corporation would not have to address.
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Highway.31 West
Corsicana, Texas 75110 .

E

PROJECT TITLE: Mul'tiple Direct Use of Geothermal Energy at.
: ' Navarro- College, Corsicana, Texas

- PRENCLPAT,. INVESTIGATOR:: Dr. Lary L. Reedi Executive Dean
Navarro College

PROJECT. TEAM:

Prime’ Contractor:: Navarro College, Corsicana, TX
Geothermal Consulting:

Engineers: Radian Corporation, Austin, TX
HVAC. Consulting Ham-Mer Consulting Engineers,,
Engineers: Austin, TX:

Tubing: Armco Steel,\Houston, TX
"Financialz: . Wollens & Irwin, Corsicana, TX

PROJECT DESCRIPTION::

The purpose of this geothermal project is to retrofit several
college buildings and a college aquaculture activity to. directly
utilize geothermal energy, thereby reducing their dependence on
fossil fuels. The geothermal heating system will supply heat to
domestic water systems, forced air heating systems and the
aquaculture pond system.

Readily available commercial piping, pumps, valves, controls,
plate heat exchangers, and insulation will be utilized in the
system.

The final phase is a one-year operational demonstration phase

during which potential geothermal users will be encouraged to
visit and observe the geothermal system.

LOCATION: DESCRIPTION:

Navarro College is located in Corsicana, Texas (populétion 22,300);,
approximately 45 miles south of Dallas (Figures 1l and 2).
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RESOURCE DATA:

The production well (Well No. 1) is 2,664 feet in total depth and
was completed in February 1979. The production zone is shot
perforated in several, intervals !from 2,400 to 2,600 feet in the
lower Woodbine Formation. Well pumping tests have produced
sustained flow rates of 315 gpm fluid at 125°F with approximately
5,900 mg/l total dissolved solids (TDS). Hydrogen sulfide levels
are minute and below human detection. Gross alpha activity of

the water is approximately 80 pCi/1.

The source of the geothermal fluid heating is faulting associated
with the Ouachita fold belt which outcrops in Arkansas and underlies
much of Central Texas. Figure 3 shows a geologic dip section and
emphasises the Woodbine Formation and its relationship to Corsicana.
Hydraulic interconnection of deeper and shallow formations provided
by the Mexia-Talco-Luling fault system is the factor most responsible
for the area's low-temperature geothermal resource.

FLUID DISPOSAL:

Due to the fluid's gross alpha activity, surface disposal will not
be pursued because of its possible uptake by biological systems.

Disposal will be done by injection, via Well No. 2, into the upper
Woodbine. The upper Woodbine and the lower producing Woodbine are
separated by many feet of shale. Thus the likelyhood of interference
between the two is remote. The injection well is yet to be

completed and tested (Figure 4).

SYSTEM FEATURES:

The production system will consist of a submerged pump set at
1,000 feet in Well No. 1. This pump will be sized to produce
between 200 and 300 gpm, maximumy of 125°F fluid. To conserve
geothermal -fluid, production costs and injection costs, the pump
will be run at a speed directly proportional to the system heating
load. An electronic variable speed drive (VSD) unit will control
the pump speed (and thus flow rate) according to the system
discharge temperature set point of about 100°F. As the system load
increases, the discharge temperature will tend to drop. A derived
signal sent to the VSD will cause the unit to speed up the pump.
The higher production rate will thus supply more heat to the

plate heat exchangers (PHX) and the discharge temperature will
also rise thus closing the loop. '

At each retrofit building, a double-secondary PHX will transfer the
geothermal heat to fan coil units and domestic hot water storage
tanks. Although the prawns could exist readily in the geothermal
fluid from a TDS standpoint, the prawns should not experience such
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elevated alpha activity. Therefore, a PHX will be used to
separate the geothermal water from the pond environment.

Scale control is achieved by maintaining a closed geothermal loop
under 5 psig, minimum, until injection. The ease 'with which PHX's
can be disassembled and cleaned (defouled) also assures that
potential scaling is efficiently dealt with. Corrosion control is
achieved by: 1) precluding oxygen intrusion via a closed geothermal
loop; and 2)' selecting PHX plate materials that are known to

resist corrosion in this water.

STATUS :

System de31gn and thus system economics figures are awaiting the
results of. injection tests whlch are planned for October 1981.

Well No. 2 will be perforated at four shots/foot, using 0.5-inch
shot, over the upper Woodbine interval. After hydraulic
fracturing (with proppant) of the same interval, water from

Well No. 1 will be produced and fed to an injection pump.
Sustained injection at a planned 100 gpm will be conducted for at
least 48 hours while careful data collection is made of pressure
and flow rates versus time in order to determine reservoir
parameters. During the last phases of the test, the injection
flow rates will be increased to 200 gpm and 300 gpm levels.

- PROJECT COST:

The total approved project cost is $1,075,000. This amount was
underwritten in the following manner:

SOURCE | ' PERCENT
e US Department of Energy 80
e Navarro College Benefactors 8 .
e In-Kind and Other Services by ' 12

Navarro College
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LESSONS LEARNED:

1.

Injection at minimum energy consumption proved to be
more difficult than expected. It is recommended that
an experienced industrial waste injection consultant
be employed early in the project if injection disposal
is likely to be needed.

There is no standard method of economic analysis. The
assumptions used to .arrive at any payback period or rate of
return must be highly qualified to understand its significance.

The amount of time and effort required to turn a final design
which is complete in terms of an engineering review into an
acceptable bid package was much greater than expected. Over-
all, the time and effort required to get from completed design
to negotiated construction subcontract was greater than planned.
Intermediate steps were: generate bid package, reproduce and
issue package, advertise, answer- questions, evaluate bid,
investigate contractor and negotiate to get final signed
subcontract.

NAVARRQ COLLEGE

(Contract No. DE-FC08-79ET27058)

Radian Corporation,.An Environmental Report for the Geothermal

Direct Utilization Project at Navarro College and the Navarro

County Memorial Hospital, Corsicana, Texas, DCN 79-212-308-02,

Agreement DOE/DE FC08 79ET27058 May 1, 1979

Radian Corporat1on, Geotherma1 In3ect1on and Product1on Well Test
Results, Navarro College, Corsicana, .Texas, DCN 81-212-308-09,

Agreement DE-FCO8-79ET27058, February 4, T981.

‘Thompson, Gerald L.:, Ground-Water Resources of Navarro County, Texas,
Regort 160 Texas water'DEVelopment Board November 1972.

Un1vers1ty of Texas at- Aust1n, Bureau of Econom1c Geology eologic

Atlas of Texas, Waco and Dallas sheets,:1972

US DOE/NOO, F1nd1ng of No S1gn1f1cant Impact Letter, June 12, 1979,
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NAVARRO COLLEGE
Corsicana, Texas
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Project Title:

Principal Investigator:

'Project'Team;

-Projectiggjective:;

Location Description:

Resource Data:

Flow Rate:

Summary:

System Features:

Status:

Geotherma]*Heating of Warm Springs State Hospital

Allan D. Miller
Montana Energy and MHD Research and Development

Institute, Inc. (MERDI)
Phone: (406) 494-6350

State of Montana

MERDI, Inc. (AKA: MultiTech, Inc.)

Energy Services, Inc.

CHoM Hi11, Inc. ‘-

To develop geothermal resources at Warm Springs for
domestic water and space heating.

Warm Springs State Hospital

Deer Lodge County, Montana ‘
15 miles (24 kilometers) south of Deer Lodge

Population: 10,700 (Deer Lodge County)

Area Activities: Mining, State Hospitals, and
Agricultural

Well depth 1,498 feet (457 meters)
Date Complete: 12/5/79
Reworked: 4/20/81

Completion Technique: Slotted liner

Well Head Temperature: 168°F (76°C)

70 gpm (4.41 liters per second) required for system
design. : : '

Warm Springs is located adjacent to the State
Hospital and discharges 168°F (76°C) water with a
disssolved solids content of 1250 mg per liter. The
source of the geothermal fluid is attributed to
deep circulation in fault zones.

Application: Domestic water heating

Heat Load Design: 1.05 BTU per hour

Yearly Utilization: Maximum 9.2 x 109 gTU ger year
Energy Replaced: Natural gas 10.8 x 10° ft°/yr
Disposal Method: Surface discharge to mlgratony
waterfow! wetlands

The Warm Springs State Hospital Project,was initiated
in February of 1979 with an Environmental Assessment,
Resource Evaluation, and a Legal/Statutory Review.

The Environmental Assessment addressed both human and

. natura) environmental factors to determine the jmpact

of the project on the surrounding area.
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Status Cohtinued:

:%he Resource Evalu
- the most favorable

Bureau of Mines an
.-of . the. existing hag

.. -existing reports,
~ . immediate Warm Spn
- . independent studie

}runn1ng northeast

"Dr1111ng.act1v1t1e

Laterolog was run

- Density was run fn

of the well,
~to “thé“well cuttin

" -The JOb consisted

The Lega]/Statutor
legal-requirements
and after developm

of the well. The
1) a gravity and n

which resulted in

In rev1ew1ng all ¢
s1ted northeast of
in the area of the

and concluded in e
of 1,498 feet (See
well completion).

Logs run in the we

to 1501 feet; 2) C

y Review was conducted ‘to determine
which must be met prior to, during,
ent of the project.

ation was conducted to determine
geological location for siting
evaluation study consisted of
esistivity survey by the Montana
d Geology in the immediate area
t springs mound; 2) evaluation of
maps, surveys, and studies of the
ings area; and 3) review of two
s made of the Deer Lodge Valley
mapping of three probable faults
to southwest and north to south.

f the above data, the well was
the existing hot springs mound
fac111t1es heating plant.

s began in mid-October of 1979
arly December of 1979 at a TD
Figure 2 for diagram of the

11 were: 1) Dual Induction -
in the uncased section from 898
ompensated Neutron Formation
om 420 feet to 1501 feet; and

3) .Temperature 1o

g run from 50 feet to 1501 feet.

A1so two water samp]es were taken to determine Rw
(format1on water nes1st1v1ty)

Some pre71m1nany nump tests were run and then the

hydroch]or1c acid-

“the acid by pumpini

side: .-The ‘pressur

shut in for 24 hou

test was conducted.
2 hours at 760°F,

~due to pump failur

decision was made'to perform matrix acid treatment
Based on an ‘analysis of acid reaction

g, hydrochloric acid was chosen.
of pumping 4000 ga]lons of 15%
down- ' the drill pipe and displacing
g fresh water down the annulus

e was bled off‘and the well was
rs.. Severdl days later aipump

and the well flowed 200 gpm for
However, the test was. stopped
e.

MERDI then COntracted with'a"bump'company to install

.:.a. hew worth1ngton line shaft vertical turbine pump.

- ,Y;Th1s pump-was’ set. at 830 feet. The pump consisted
-..of 19 stages w1th spider bearings set on a stainless

‘steel. shaft ‘every ‘10 feet: The pump test was plagued

with vibration problems. One to two hours was the
maximum running time of the pump during any single
test. This lasted for several weeks for a total
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Status Continued:

Test Rate
(gpm)

- running time of Tess than 52 hours. Actua? cause

“of the vibratton problem has never been settled, - .

In Januany 1981 Energy Services, Inc. of Idaho

. Falls, submltted a report to MERDI on their evaluation
. of the Warm Springs well. The conc]us1ons in their

report were recommending reworking the well and drilling
_an additional 50 feet into what they be]ieved is a

‘zone of hot water. Their recommendat1ons were

“approved by the Department of Energy and: ‘work commenced
on March 12, 1981, It was initially found that the
bottom 220 feet was -filled with drilling|mud

and rock chips. In addition, we retrieved a 12 foot
piece of 378 inch steel’ p1pe. After cleaninq the

well to the total depth, we hit a solid meta1 jtem in
the bottom of the hole.. Qur best guess 1s that the

.metal at the bottom of the hole is a 1ength of drill

pipe lost previously. However, fishing attempts were

. unseccessful at retr1ev1nq the metal. Since we were

unable to drill through or around the metal the
decision was then made to perforate the bottom 120

" feet of casing. The well was then swabbed and cleaned

for several days.‘ The results were the artes1an flow
increased from an estimated 20 to 22 gpm to 32 to 35

gpm,

A 30 HP Reda G75 downhole submersible pump was
installed on May 19, 1981 to a setting depth of

987 feet. The pump was test run by a Reda
representative for approx1mate1y 1/2 hour. On May 23
long-term testing commenced.

The we]] was tested at rates of 50, 75, .95 and 110
gpm, faor 100 hours each with requ1red recovery
time. After the final recovery of the 110 gpm
test, a nine hour step drawdown of 25, 50, and 75
gpm was run for thréee hours at each gpmvrate.

Results of the tests were:

Test Time Maximum Drawdown Recovery time
(hrs) (feet) (hrs)
100 . 815 3.4
- 100 - 900 3.8
100 870 2.9
100 860 2.5

The main purpose of the step drawdown test was
not to determine well efficiency but to gather

. data on optimum pumping rate of the we]] Since

this is a devloping well, as evidenced’ lby the

. data obtalned the test cannot give any valid
conclus1ons about well efficiency.
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Status Continued: From data obtained our recommendat1on has been:

1. No further remedial work is required on the
well,

2. Maximum production should beilimited to 90 gpm.
3. Expected temperature is 168°F.

-4, Production of the well did not significantly -
affect the natural flow at the Warm Spr1ng

mound.

5. We recommend future development of the resources
for space heating requirments.

Current Estimated Project Cost:

Total: $1,166,755
DOE Share: $ 995,108 Participant Share: $171,647
8% . 15%

LESSONS LEARNED

1. It can be important to have a project representative'"s1tt1ng the
rig" to observe unusual occurrences which may not show up in the
drilling Tog records.

2. Initial pump testfng of a resource should use a pump/control system
' capable of accurately delivering a wide range of flowrates.

3. Corrosion coupon tests or monitoring samples with new electronic
corrosion detection equipment is good pract1ce to avoid costly
material failures and loss of reliability in the operat1ona1

system.

4. Use reputable firms not on]y for basic site work but also for
manufacturer's supplied equipment and engineering design.

5. Check with regulatory agencies'on permits required and on their
review requirements to avoid unexpected and costly delays.

6. Recognize site specific problems as they relate to the resource, waste
water drainage or reinjection, electrical service, point of use location,
and operational and maintenance requirements.

7. Generate plans and'designs with adequate detail to assure obtaining
desired product and to satisfy the cogn1zant agencies for their
review and/or for bidding.

8. Coordinate all efforts with land owners and organizations which
your work may impact.
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WARM SPRINGS STATE HOSPITAL PON REPORTS

(Cooperative Agreement No. DE-FCO7-79ET27055) '

1. MERDI*, Environmental Report for the Geothermal Heatind of
- Warm_Springs State Hospital, Montana (Draft Report), MERDI
Report No. 2DOE-MHD-D20, Agreement No. DE-FCO07-79ET27055,
April 1979. A

2.  Stoker, Roger C. (Energy Services, Inc.) Geothermal Regource
Evaluation of the Warm Springs, Montana Area, MERDI Report No.
10-DOE-GEQ-N10, Cooperative Agreement No. DE-FC07-79ET27055,
June 1979.

, . , . , !
3.  Mcleod, M. Eugene, Geothermal Heating of Warm Springs State
- Hospital, Warm Springs, Montana,: Technical Progress Report,
1 February, 1979 to 1 August, 1979, MERDI Report No. 11
GEOWS-DOE-S79/3, Cooperative Agreement No. DE-FCO7- 795T27055
August 31, 1979. ‘

4. Stoker, Roger C. (Energy Services, Inc.), Well DrillinQASpecjfica-
tions, MERDI Report No. 10DOE-GEO-N11, Cooperative Agreement
No. DE-FCQ7-79ET27055, undated.

5. Carlson, Jon R,, Drilling Report, Warm Springs State Hospital
Production Well No. 1 (Draft), Montana Tech Foundation Mineral
Research Center Report, undated.

*MERDI: Montana Energy and MHD Research and Development.:
Institute (Environmental Division), Butte, Montana (AKA Multi Tech Inc.)

i
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PRQJECI‘ TITLE: Boise City - A Field Experlment 1_1'1 Space Heating

PRINCIPAL INVESTIGATOR: Phil Hanson, Director, B01se Geothermal
(208) 384-4013

PROJECT TEAM: Boise Clty
Boise Warm Springs Water District
CH2M Hill, Engineers

PROJECT OBJECTIVE: To develop a geothermal space heating system to serve the
largest possible market in and around the Boise central

business district.

LOCATION DESCRIPTION: Boise, Idaho
Population: 105,000
Area Activities: Commercial, governmental manufacturing
‘ © and recreat10na1 center

RESOURCE DATA: See geo]og1c map of resource area, Figure 1.

A. Existing Boise Warm Springs Water District (BWSWD) Wells No. 1
and No. 2.
" Well Depth - 400 feet (122 m)
Date Complete - 1890's
Completion Technique -~ Open Hole
Wellhead Temperature - 1700F (76°C)
Flowrate - 1,700 gom combined flow of wells #1 & #2

B. New Boise Warm Springs Water District (BWSWD) Well No. 3.
Well Depth - 600 feet
Date Camplete - June 5, 1981
Completion Technique - Closed Hole
Wellhead Temperature - 1340F (560C)
Flowrate -~ Inadequate’

C. New Boise Warm Sprmgs Water District’ (BWSWD) Well No. 4 -
PROPOSED.
Well Depth = 600 feet _ Vo
Date complete - planned for surmer 1981
Completion Technique - Open ‘Hole . -
Well Head Temperature =-1700F" (760C)-Goal
Flowrate - l 000 gpm (planned) :

D. New Bo:Lse Clty Wells.
- Well Number 1 - :
Well Depth - 2,010 feet - .
Date: Compléted - April 17, 1981
Completion Technique - Slotted Casing and Open Hole
Wellhead Temperature — 1550F (680C) - . e
Flowrate - None :artesian (not yet pump tested)
- Well. Number 2-
Well Depth - 800 feet
Date Complete - May 7, 1981
Completion Technique - Open Hole
Wellhead Temperature - 1640F (730C) !
Flowrate - 1,000 to 1,300 gom artesian
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- Well Number 3 -

well Depth - 1,893 feet

Date.Complete — . June 4, 1981 = . j
Completion Technique - Slotted Casing and Open Hole |
Wellhead Temperature - 165~ 1700F (73-760C) '
Flowrate ~ None artesian (not yet pump tested)

- Well Number 4 -
Well Depth - 1,000 to 1,500 feet
Date Complete -~ Planmned for August/September 1981
Campletion Technique - Slotted Liner or Screen
Wellhead Temperature — 1700F (760) -~ Planned
Flowrate - 1,000 to 1,300 gpm artesian

!

E. Summary:

_The resource area is conm)nly referred to as the Bome Front. This
appears. to be .fault .controlled, with the source of water being the
annual runoff in the mountains immediately behind Bo:.se City. Two
wells presently serve'the existing BWSWD system and- prOV1de a. peak
flow rate of approx:mately 1,700 gom. A third well was completed
-under the current project and was expected to increase that flow by
1, 000 gpm. Results from this well were poor and are belng reviewed
for further well drilling plans. Three new City wells have been com-
pleted and a fourth is planned. . Ultimate flow rates w1ll depend upon
further testing to be done but initial results from. the City wells
are very favorable based on large artesian flows.

SYSTEM FEATURES:

- STATUS:

Appl*catlon - DlStI‘lCt Heat:.ng |

Heatload (Design) -~ 1 x 108 Btu/hour (29.3 MW/year) -

Yearly Utilization - 2 x 1011 btu/hour (6.7 MW/year)

Energy Replaced~ Natural Gas 2.92 x 108 cu. ft. .

Facility Description - 500-1,000 residences and up to 2, 000 000 square

feet of office space .
Disposal Method ~ Alternatives presently under review. Disposal to Boise
River is preferred method.

Summary - The proposed Boise City and BWSWD systems will utll:Lze the
local geothermal resource, as described above.; Production
wells for the City system will be located approx:mately 1.5
miles (2.4 km) from the primary load located in downtown
Boise. The pipeline will be sized for 4,000 gpm to allow for
future growth, although initial production capacity is expected
to be approximately 2,000 gpm. The BWSWD pipeline will be
sized for 3,000 gpm. See pipeline maps, Figures 2 and 3.

{

1

Environmental Report ' _ Completed
Geology Data Review o Completed
Well Siting Report . o Completed -
Preliminary System Design Conpleted
Market & Rate Study Completed

Custamer Confirmation B ~ In Progress
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BWSWD Well Specifications Completed

Boise City Well Speécifications - Completed

Waste Disposal Report Campleted
Drilling Fund and Lease Completed

Drill BWSWD Well #3 Completed

Drill Boise City Well #1 , Completed

Drill Boise City Well #2 Campleted

Drill Boise City Well #3 Completed

Drill Boise City Well #4 Completed

Final Design of BWSWD Pipeline Completed

Final Design of Boise City Pipeline Completed
Construction of BWSWD Extended System Due: December 1981
Construction of Boise City System Due: March 1982

PROJECT COSTS:

Total - $7,127,909 plus $700,000 contingency
DOE Share - $4,226,000 plus $700,000 contingency
Participant Share - $2,901,909

LESSONS LEARNED:

The area assigned to me is "institutional" with direction to discuss
problems and resolutions over the past twelve months. Unfortunately,
the institutional issues in Boise with which we have had to deal date
at least to 1975. Since these issues have acquired layers of political,
legal, and organizational fact and opinion I will simply define the
problem for you, describe the form which our resolution of it is

taking, and try to leave you with some general time boundaries.

1. Problem: The State of Idaho began working with geothermal, as a
heat source for their buildings, about 1974. 1In 1978, they
connected a 34,000 foot office building to the historic Warm Springs
system. Other of their activities resulted in a $190,000 budget to
retrofit buildings in the downtown Capitol Mall area, and a $105,000
budget to drill an exploratory well. The exploratory well was to
be drilled downtown, on state property, to a target depth of 2,000
feet. The product of the well was to be used to heat major state

bu11d1ngs which were also" candldates for the planned Boise

Geothermal system. The well was to have been completed in June

1980, but was completed in November. The problem resulting from
these circumstances was our need to know the States plans so that

we . could des:Lgn a dellvery/dlsposal system that either did or did not
mclude the state bmldmgs. .

Resolutlon - TJ.me heals all wov.mds, almost. Our schedule,due to
funding conmlttees, product approval and task delay,slipped so
that the states decision window will be close to ours. Unfortunately,
the dec1510n alternatives they face: have very dlfferent 1mpacts on
our prOJect The decision optlons are:

a. Connect the1r bulldmgs to our dlstrJ_butlon and disposal

. system.

b. Connect the:.r bulldmgs only to our disposal system

c. Have no interface with their buildings.
Their five buildings have a heat load of approximately 14.2 x 106
Btu/hour which would require about 600 gpm out of our initial pro-
duction goal of 2,000 gpm.
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Problem ~ Our original project was proposed to be about $9.5

million but DOE offered to provide only $4.9 million. This neces-
:sitated that the project be cut back and at the same time :some
additional funds were raised from EDA and the City. 'The end result
was .about $5.5 million available to the project. The problem

is when. prelJ.mJnary engineering estimates were conpleted we needed

-a total of $8.3 million or $2.8 million more than we had, and the City

[did not have that kind -of funds nor was the City Council, because of

the 1% initiative, willing to try raising that amount through bonds
or other conventional financial mechanisms available to cities. 'This

problem was further complicated by DOE wishing to cut .about $700,000
more out of their original "committment.

Resolution - The Boise Warm Springs Water District committed $625,000
toward the $2.7 million of which they have obligated and spent .about
$265,000 on new piping. The balance was raised through a drilling
fund .of about $2 million to develop production wells with the balance
through a LID downtown. This resoclution has raised the specter of
another problem, i.e. the drilling fund being private capital will
increase the price per therm of delivered energy even though it will
benefit frem risk of drilling for water of the right temperature .and
volume. A further problem was DOE action to cut "contingency" funds
fram the budget. The effect of this $700,000 cut will not be :seen -
wunless the project encounters contlngent" conditions 1_1'1 any of the
tasks that have to be campleted.

Problem - The Boise Geothermal project is a joint effort of Boise

Warm Sprlngs Water District, a special utility district of the

State and Boise City a municipality. These two govermrents are total-
ly separate and mdependent entities. They are sufficiently charry

of each other so that. in working on this joint project they have not -

wanted to relinquish any of their individual authorities to a common

venture. The problem has been to determine how to make a two headed

organization work.

Resolution - The basic problem created by this dichotamous situation
can not be totally reselved The attempt at resolution has involwved
a number of approaches.
a. Develop an agreement on definjte ground ru1es for inter-
: action between the governments. This agreement helped
to clarify the relationships but has no legal force
and effect. 4
b. ‘Establish an Executive Cammittee with members drawn
equally (total of four) fram BWSWD and the Clty This
-Committee reviews all activity and refers dec:.smns, as
appropriate, either to the Boise City Council or BWSWD
Board. .

Problem The w1thdrawal of large volumes of water in other parts of
the U. S. has resulted in problems of subsidence and J.nterference
The. geplogical engineering solution to this problem is to develop

a monitoring program to track changes of ground or water' levels.

This solution is straight forward but costly. The institutional pro-
blem created is one of finding someone to assume technical and fin-
ancial responSLblllty for monitoring. The City belleves the State
should assume this respon51b111ty, and vice versa.
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' ‘Resolution - The only action taken so far is toward a partial
- resolution of the problem. The State does not want to assume

responsibility because they do not have Sufficient financial
resources for the purpose (up to $500,000 may be required) '

" to add insult to injury their budget was again cut in 1981. 'I'he

absense of ‘some monitoring system poses the  future threat of
litigation over interference or subsidence, and if that occasion
should arise it is critical to have baseline data. The action
taken by Boise Geothermal is partial in the sense that we are
arranging monitoring equipment to be installed on those wells now in
existence and over which we have some control, as-well as those we
are contemplating drilling in near future. If a complete program
would really cost a half million dollars then our level of effort
will be a very small fraction of that amount.

‘Problem - The use of a well drilling fund is a relatively efficient

method of raising capital. The fund is predicated on committments by
the City to purchase water at wholesale prices. These in turn are

-based on comnittments by building owners to purchase the water but
building owner's will not make committments until they' know the
" delivered price of the water. These prices cannot be finally deter-

mined until firm bids, on which the price is based, -are received for
laying the pipeline and drilling the wells. But we cannot drill wells
until the drilling fund raises money.

This is further complicated by (1) the need for building owners to con-
vince themselves that the retrofit and use of geothermal are to their
financial benefit, and (2) the prevailing high- interest rates.

’ Resolution - The needed cammittments are being acquired in. stages.

a. A preliminary connection agreement has been prepared
for 31gnature by building owners. It provides the owners
with a maximm price for the water and the drilling fund
with'a preliminary committment that can be used to raise
funds for well drilling. The location and success of
these wells will, to a certain extent determine the
pipeline route and cost.
. b. After the wells;are; proven and bids for the pipeline re-
: ceiveda final. oonnection agreement will be Signed by
_ building owners that specifies a’ definite price _per. ‘therm.
" This will be backed up by a geothermal seérvice ordinance.
'C.. In 1981, inra effort to speed up. building owners dec1510n :
making process, we. have ‘offered technical ass:Lstance in
campleting a cursory ‘technical review of in: build_mg
' ‘equlpnent and financial reqlu_rements.._ This has resulted
- in 1o more than four ‘hours per building to 1dent1fy ball-
park figures for retrofit costs and sunmary evaluations
_ of finan01al feas:.bility.

Problem We w1ll be produc:.ng up to 2 000 gpm in the mitial phase

.‘_‘.;of our project which means;,” after use,. we. Tust provide for- disposal

of this -amount of water. . All of the options' 'for-disposal ‘are under

the regulatory. authorlty of the Department of Water Resources, the
U..S. EPA, .State Health & Welfare, the Corps of Engineers, or/and the

‘Bureau of lands. The preferred disposal option is to return waste

water to the river. In this case Health & Welfare and EPA would
have principal responsibility. EPA requires preparation of an NPDES
but, since the volume of water is small by their standards they will
not be issuing a permit. On the other hand H & W will only grant
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10. .
. Boise warm Springs Water District Geothermal D1str1ct Heat1ng Systems

i

permission for disposal of a;limited quantity for anflndeternunate
- " period of time. - The problem is that we will have perm1s51on to
. *~dlspose of some quantlty revocable at any: time, :

T ’Resolutlon - T’hls problem is not yet resolved but wei are planning
- same method, perhaps a contract,. that.will give us dlscharge per-
mission for, hopefully, a large fraction of the planned useful life

- of the system. This formalized permission will be requlred before

we invest-large amounts of money. burylng pipes in the ground. We
have filed a petltlon -seeking permission to dispose of spent

' water into the river at a location close to downtown ‘Boise, an

L ﬁactlon that, if granted w1ll save some of the cost of disposal

!
-pipe. SR i
[
BOISE CITY PON REPORTS

(Cooperat1ve Agreement No. DE- FC07 79ET27053)

lDonovan L -E. R1chardson, A.S. FeaS1b111t1/Conceptua1 Design

Study for: 8015e Geothermal Space Heat1ngADemonstrat1on Project.

“Building- Mod1f1cat1ons, Aerojet Nuclear Company Report No. ANCR-1246,

October 1975 , oy

Bo1se Clty Energy 0ff1ce, Geothermal Energy Systems Plan for Bovse
1tx Contract No. EY-76- S 07-1631, January 1979.

.~ Anderson & Ke]]y, Ana1y515 of Hydrqgeo]og1ca] Test Data. for»Wel]s

] & 2, Boise Warm Springs Water District, December 1979. <f

CH2M Hill, Inc., Environmental Report for a Space Heating. PrOJect
for the C1ty of Bo1se, Idaho Contract *No. EG-78-MN-03-2047,
February T980 '

CH2M Hil1, Inc., Pre11m1nary Enq1neer1ng Des1gn Market and Rate

Study for a Geothermal District- Heating System for City of Boise,

. Idaho, Boise Warm Springs Water D1str1ct March 1980

I

Boise Geothermal, Boise’ Geothermal Institutional and Financial Plan
for 1980 to 1983, Contract No. DE-FCO7- 7QET27053 April 1980

_(D1scuss1on Draft)

Anderson & Kelly, Cons1derat1ons Related to Inject1on of Spent Thermal

'water, Boise Geothermal Prolect July 1980

.l_ Anderson & ‘Kelly, Recommended Sites and Areal Geology Related to

Geothermal Product1on Wells in the V1c1n1ty of Military Deserve Park,

- July 1980.
CH2M Hill, Inc., Geothermal Water DIsposal City of Boise, Idaho.

Boise' warm Springs Water District Geothermal District Heating System,
Contract No. DE- FCO7- 79ET27053 August 1980 {Is'sued Octoberrl980)

CHZM H111 Inc . Pre11m1nary Engineering Design City of Bo1se, Idaho,

Contract No. DE-FCO07-79ET27053, August 1980.
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KLAMATH FALLS GEOTHERMAL HEATING DEMONSTRATION PROJEdT’
_. A_;Hafold Derrah ' |

L Assistant.City Manager, (503) 883-5317

ABSTRACT . |

The City of Klamath Falls is.in the pchess of constrﬁcting a géothermat

i

heating demonstration project for the heating of 14 government, buildings.
The project 1nvo1ve§ the 1h$téﬁ]étion of a primary pipeline to % central
heaf ekchanger facility delivering the geothermal resource. A éeéondary
pipéifﬁe will then be con§tructed.with closed loop domestic water for.“ 
de]ivery of heat to the-14 bui]dings all within the Klamath Falls comme}cial

area. Additionally, the project also involved resource confirm%tion,

district boundary identification, and economic evaluation.

PROJECT ACTIVITIES.

1. Resource Evaluation-

In order to facilitate design and constructioh of the project, resource
eva]uétibﬁ had been completed by Lawrence Berkeféy'Laboratory apd Geothermex.
.SupporfiVe data was coﬁpiled from research work cohp]eted‘by the U. S.
Geo]ogicéf Survey. The data was complied through surface geological eval-
uation.and through two pump tests, one completed in Ju1y~1978, and one
complefed.in the fallfof 1979. - Thé first pump test was coﬁduétgd in Ju]y
1978. Thé‘pump test Q@s‘conduCted to confirm resource potentiaﬁ within: 
‘the proposed productioh area. The fo]]owing is a summary of thét test:

During July, 1978,»a pump test was performed on the 795-foot

deep lel in Site 1. This well has a 14-inch diameter casing

to 229 feet and static water 1eye] atlabout 75 feet below the

_surfacé};ABottom hole fluid temperature has been measured at

2340F, and dry rock temperatures reported as high as 2500F.

1
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It is estfmated that this well is drilled into or is very

near the major fault zone of the area. Twelve observation

wells were se]eéted within 1500 feet of the pkoduction well.

Unfortunately, no well in the area extended to the same

elevation depth as the production well.

B oW N

Each of four bhases of the test lasted 48 hours:
pumpfng without fﬁjection (water wasted to the sewer);
rebound; |

pumping with injection; and

’reboUnd.

Péréohhe] from LBL ‘and OIT students assisted in the project.

‘Observations:

1. Maximum produéﬁioﬁ”rétéFWas 300 gpm at 100 foot drawdown.

2. Maximum surface flow temperature at the well head was 2240F.

3. There appeared to be no significant effect on adjacent wells
when pumping without -injection.

4. There appeared to«be'a measurable effect on adjécent shallow
wells with;pumpingbahq;jnjectinggjnto a-shallow well.

5. Flow of the pboduciigﬁ1We]1;Was}]imj¢ed-due to caving and

'.wﬁiﬂlﬁngvoﬁwthe,we}J~beﬂowAtheﬁpasing'(estimated at 82 feet),

which was determined-after thegtESt:;

With completion offthaxﬁteﬁt\progkam@¢thé5decision was reached to proceed

to the dri]]ing'of"fhe}prOdﬁcfion,wé11§. 'The-setoﬁd pUmpétest_yqs’conducted

by the -Lawrence Benkeiey;b&borqtory'onlprodqctTOh,we]] #1. That testing

program was to determine the Capabi]fties of well #1, and also to evaluate

possible influence on existing wells within the production area. The pump

test was conducted over a“15% hour period at flows of 680 gpm with a
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discharge temperature of 218°F.‘ The conc]usiqns of the testind program are
as follows: d k _ N | }J”J:: R
The tests of the K]amath (hty Well 1 show that the sha]]o% test
aqu1fer is capab]e of susta1ned product1on of at 1east 680 at a :
temperature of about 218°F. Rap1d water Tevel changes in the
surround1ng we]ls indicate a h1gh degree of hydrodynam1c reservo1r
cont1nu1ty through several distinct 11tholog1c units. Th1s would
indicate that a fracture network may possibly be control]ing f1u1d
movement in the reservoir. Calculated transm1551y1ty Valdes from
the interference test indicate a permeabi]itonf approximetely )
100 darcies. When the pressure behavior over the 8~hour ﬁnter-
ference test are extrapolated to several years, drawdowns;of 2 to
3 feet are predicted at a sustained production rate of 689. The
departure of the.data at later times from.the Theis‘curve:used

for this analysis indicates that water Tevel changes may be

larger than the predicted values. At present no unique

explanation can be given to account for this departure. To
accurately predict the effects of sustained production over*the
lifetime of this project a Tonger test must be conducted th deter-
mine thé effects of resérvoir heterogeneity on the water 1eve1
decline in surrounding wells. Present indications, from reservoir
testing at the Kiamath Falls, are that this system has a:very

‘ promising.pOtentiaT for development of a large-scale district

) fheating'projécﬁ;-Figure 1.7 ’ e f

With'the information previously obtained through other studies,i and verified
i
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by the pump testing program, the City then undertook the next phase of the
project. That was completion of design of the pipeline facilities.

2. District Boundaries

H
A portion of the original grant project was to identify future potentiais

for commercial heating. In completing this exercise, initial data was col-
lected for the estab]ishﬁént of bdundaries for geographic pumping districting
for geothermal fluid distrubutfon. In order to draw the boundaries, research
was conducted in the areas df Héat load requirements, natural topographical
features, han-made features, political boundarieé, and existing land uses.
Additionally, marketing features, such as commercial uses versus fesidéntia]
uses, were evaluated for their ability to alternately, by time of day and
expected times of usé, supplement the residential and cohmercia] activities.
In establishing boundaries, determination was also made for future storage
and peaking facilities. In éonc]uding the boundary studies, the controlling
factors that became evident were the natural and man-made features. They
included two lakes, a river, a railroad, and an irrigation canal. A1l of the
items mentidned above wou]d have been very costly to cross and influenced the

economic viability of the project, Figure 2.

3. Economic Evaluat1on

The fo]]ow1ng 1s the est1mated proaect cost for comp]et1ng ‘the progect

Item Descr1pt1on - 4', g Amount i i ‘ Status

Production Wells - . =~ 63,9650 . - . Complete

Primary Pipeline . ‘?f"  1,269,711 ; Complete

Secondary P1pe11ne o . 790 966 n - Construction in
K R SR _ ‘process

Eng1neer1ng & Adm1n1strat1on ' 205 468 .
Total- =~ } " $2,330,110" '(Cost Share DOE" 65%)
For economic evaluation- the 1owest cost. ex1st1ng energy source available to the

14 buildings was used for comparison. That energy form is natural gas.
Inflation rates were used through a ten-year period escalating natural gas

costs to 82¢ per thermm. The economic evaluation indicates that at 31¢ per
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therm the 14-building project would have a payoff in 6.2 years, based-on a
present worth of 8% and the cost of capital of 8%. A 20-year equivalent

cost SUMMAry was also compTeted for the 11-block area. That equivelent
annua] cost summary, 1nc1ud1ng operation and ma1ntenance costs, shows an
annual equivalent cost for geothermal of $216,096 per year versus %576 994
 per 'yéar for natural gas. " It should be noted that in compTet1ng the 20~year
anhual equivalent cost 82¢ per therm for natural gas was used. That figure,
by current indications, seems tobbe very conservatiue and through the coming:
20=yéar period should escalate considerably higher, pTecing the gehthermaT
project in yet a more favorable position. : ﬁ

sYsTEM DESIGN | | - 3

The system des1gn for the project requires collection of the resource through
a primary pipeline. The primary pipeline was 8" steel pipe with 2“ of insulation
(Figure 3). The primary pipeline ran a distance of approximately ATOO feet.
The primary pipeline was housed in concrete conduit. The reasons Tor instal-~
ling the primary pipeline in the concrete conduit were as foTTows:l |

Access to the pipes for future tabs;

.. Access for future pipeline installation; |
Other utilities may be readily installed; ‘

Better assurance that ground water will not corrode pipe or damage 1nsu1at1on,
The 1id of the duct is used as a sidewalk, with heat radiating from the

pipes providing snow removal; and

6. Provides easy access for maintenance and repair.

GoA W

The pr1mary p1pe11ne is to deliver the resource to the central hemt exchange
bu11dmng. The central heatexchangerbu11d1ng houses the controls for the
sYstem, includTng telemetry to production wells and also various pumps on

both the geothermal side and the domestic side. The wells work on both tem-
perature and flow requirement basis, i.e., increased demand on the domestic

side would, through telemetry, make known automatically the need for more
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resource from the geofhérmalfside.‘ The central heat exchanger building will
also house the exchéngers for;the transfer of heat from the geothermal to
the domestic. The exthanger u$ed in the Klamath Falls project is the plate
heat exchanger with the following characteristics:

Type - Single pass with 150
316 sst plates EPDM gaskets

Size - 9'3" long x 1'7" wide x 5' high
maximum platage
Geothermal side - 2199F Inlet
176°F Qutlet
4.3 psig pressure drop
(1,000 gpm maximum flow
, with full platage)
‘ 350 gpm flow
Secondary side - 200°F Qutlet
160°F Inlet
3.7 psig pressure drop
(1,000 gpm maximum flow
with full platage)
378 gpm flow
Cost -~ $14,000 ea. - 2 required

The advantages and reasoning for going with the plate heat exchanger are as
follows:

1. Their superior application for liquid to liquid heat transfer where
close approach temperatures are desired;

2. Their excellent efficiency;

3. They need little floor space;
4. Ease of maintenanée; and |
5. Most importantly, the §b§1ftytto'ﬁté6mm6&ate changes in flow and

temperature condﬁ%idnéfby aHding:or,removing~p]ates.
The secondary, or dohesfic;'pfpeﬁine is to be constructed of fiberg]ass
reinforced pTaStiCLpipe,aégéih*Wffhi?";pfiinéuiatioh. ‘The secondary pipe line
extends a. distance.of 7080 feet and is in.pafa1]e1 lines telescoping from a
max imum diameter”df*10“vddwnftov3"ias*théﬁline goes to the various buildings.
The secondary line is to be direct buried because funds were not available to
house it in concrete conduit, as was done on the primary pipeline. The
secondary pipeline is sized to service all the buildings along its route
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should, at some time in the futu}e; those buildings have the abi]ify to
receive the resource. The reasons fof choosing the FRP pipe for the |
secondary loop were for cqst advantages, low frict{on factor, corrosion
résistance, and it does not require special equipment for expansion
allowances.

CURRENT STATUS

The current status of the city's project is thét‘construction is pfoceeding
on Schedu]e, and the primary pipe]ine and exchange bui]ding have béen con-
s%ructed. The secondary pipeline contracts have been bid and the contractor
h;s initiated installation of the Tine. The anticipated completion of con-

struction, depending upon climate, is for. December 31, 1981.

While the engineering and construction have:péoceeded without any major
Cbmp]ications, jnstitutiona] and political ﬁrob]ems have arisen coﬁcerning

tﬁe uée of fhe resource. Existiﬁg well owners have, through the Oregon'
initiative process, passed‘an ordinance which would require all water pumped
from a geothermal well té Be piaced back in that same well. This %érticuiar
ordinance is currently under litigation and a preliminary injunctiQn has been
issued against its enforcement. A hearing on a permanent injunctipn is
schedu]ed for the fall of 1981. Regardless of the legality of the ordinance,
the existing well owners have made it known that they do not wish the reséurce
to be pumped and injected. Because of the complications surroundihg the
potential use of the fesqurce from a pumping aspect, the city has developed a
contingency plan. The contingency. plan provides for the collection along

the primary: pipeline of existing geothermal fluids which are‘current1y being
dumped into the city sanitary and storm sewer sysfems. The city has identified
500 gpm of 1]5°F fluids that can be collected into the primary pipeline and
run through the exchanger building. It is anticipated that the city will

implement this contingency plan for the heating of the 14 buildings.
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To meet peak1ng requ1rements, the city will tie 1n the museum well, which
was prev1ou51y des1gnated as, the “injection we]] to prgv;de add1t1ona1

| fluids for peaking requ1rement§. Additional backup to peaking requirements
to be used withvthe‘wastefdischarge\col1ection.p]an is the city swimming
poo] we]],'wh%eh is diheet1y'adjacent to the primary pipeline. There is
sufficient BTh;e nithin-the dtgeharge:fldids‘and the musedm and pool wells

to provide the resource to the.14 buildings; however, there will not be

enough resource to expand beyond this project.

As indicated above, the project is anticipated to be completed with heat

delivery to the 14 buildings in early 1982.

LESSONS LEARNED

1. 1In the areas'with high number of existing users, a fairly in-depth
preconstruction'SUrveyiof use and attitudes should be completed.

2@1‘Existing users. shddid‘be _completely informed; if necessary, by
per‘sonaﬂy de'hvermg lTetters on pump testing results and on- going
-:, monitering. Pub11c hearlngs do not suffice in that turn- out of
f.exlst1ng,d§ers does not deve]op unt11 they fee] threatened . From
the City of K]amath Falls experience,. “once the ex1st1ng users feel
- threatened they cannot believe the data glven to. them by “the

e - ,)

Reservoir Eng1neer

Poéﬁible%WayS?Qf:jhf@rmatibn'disseminatﬁqn?ﬁneiude:

e

}A. Estab11sh1ng 1nd1v1dua1 we]] record1ngs on an on- go1ng

basts where progect representat1ves have direct contact

w1th the well owners.
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B. A news]etter d1str1buted and mailed to a]] ex1st1ng we11 )
' owners prov1d1ng 1nformat1on the project, on-going monltorlng S
programs, production testing, and' other pertinent data. | o

e _Neighborﬁood“meetinﬁs in well owner areas with hand-deliveéred

‘ <persona1‘invitationS’to;sUch»neighborhoodimeetings Theég R
meetings would- then, generally descr1be the. 1nformat1on 1n the'_
newsletter and also on an 1nd1v1dua1 bas1s 1ntroduce the |

ftechn1ques ihvolved in the program. o : {
D. Make avai]ab1e personal and in1t1a1 pub]ic presentat1ons)

to civic organizations regarding the project on.an on- go1ng
basis and specifically information obta1ned regard1ng the.

reservoir.

““CITY OF KLAMATH'FALLS PON REPORTS °
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SUSANVILLE ENERGY PROJECT '
DIRECT UTILIZATION OF GEOTHERMAL ENERGY : Y
LOCATION - NORTH END OF THE HONEY LAKE VALLEY - LASSEN COUNTY, CA
i

PRINCIPAL INVESTIGATOR: Philip A. Edwardes - “ '
’ o 66 North Lassen Street P
Susanville, CA 96130
Tel: 916/257-7I30

PROJECT TEAM

“City of Susanville - Project Management
Lahontan, Inc. - Construction Management/Technical Ass1stance
Koepf & Lange, Inc. - Engineering 4
Aerojet Energy Conversion Company - Désign and Engineering Review
GeothermEx, Ihc. - Resource Assessment/Geologists
Energy Technology Engineering Center - Engineering Review

 PROJECT DESCRIPTION
 RESOURCE

Location The major portion of the identified resource underlays the
Southern section of the City of Susanville. (See Figure I)

1

Production Well Development (Susan I) Drilling was commenced 10-15-80
and concluded 12-2- 80. (See Table 1) The contract to drill was on a fixed
price basis and, compet1t1ve1y procured, was awarded to the Water Development
Corporation of wood]and,for $112,600.00. GeothermEx of Berke]ey were the

geologists.
Based on drilling logs and formation logs, the fo]]ow1ng strat1graph1c

sequence was identified in this well:

alluvial section . - 0- 23m ( 0 - 75 feet)
lake beds - 23 - 85m ( 75 - 280 feet)
tuffs - 85 - 213m (280 - 700.feet)
lake beds - 213 - 229m (700 - 750 feet)
basaltic andes1te - 229 - 248m (750 - 815 feet)
lake beds - 248 - 273m (815 - 895 feet)

" basalt - 273 = 279m (895 - 915 feet)
- 284m (915 - 930 feet)

N

*

lake beds - 279
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Drilling conditions were far more severe than anticipated resulting in
numerous partial cave-ins of the uncased hole. Indications from two
(Suzy 9 and 9A) temperature gradient wells drilled by the U. S. Bureau of
Reclamation within 17m (55 ft) of the Susan I site had suggested that hard
drilling through mildly fractured basalts should be'expected.,

A trailer-mounted Failing JEA-A Reverse Circulation Drilling Rig was
used. Water for drilling was pumped from the Susan River into a pit located
next to the rig. This water was the only fluid used - no mud, gel, foam or
other lost circulation material was used. Table II-shpws-final well design
and dimensions. The permeable zones were defined in the 116 - 200m (380 -
656 ft) range and constitutes the prime production aquifer, contribution from
minor permeable zones to total depth contribute to total flow.

Flow Rates and Temperature Temperature throughout testing has remained
at a constant 80°C (175°F).

Preliminary short-term pump tests of Susan I were conducted December 4 - 6,
1980 at rates from 9.5 - 44 L/s (150 - 700 gpm) with the major pump test con-
ducted at 22 L/s (350 gpm). Further pump tests were initiated 8- 15-81 and are
current]y continuing and confirm the results and interpretation of the initial
tests. Constant flow at 44 L/s (700 gpm) causes a drawdown of 43m (140 ft).
(See Table III). Drawdown stabilized in 1.5 hrs. and recovery was within 30 sec.

Conclusion Although a fixed price contract causes costs to be somehwat
higher than alternatives, in the case of the Susan I we]i, the decision on
analysis was justified. Cost of the well was 10% higher than budgeted; how-
ever, the success of the test results indicate that a proposed second well is

not necessary.

Fluid Chemistry Table" IV defines'the'chemistry‘of»the geothermal fluids
from Susan I well. Initial indicatibné‘from“the California Health Department
suggest that the f1u1ds fall: w1th1n acceptable hea]th 11m1tat1ons and may be
used for d1rect consumpt1on, open1ng up an 1nterest1ng potent1a1 to utilize
cascaded f1u1ds in A mix w1th city domest1c water supp11es to raise the
ambient temperature of water deliveries to homes in the winter months, thus
saving considerably on electrical consumption throughout the City.
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From earlier water analysis, no indications of HZS or exce531ve1y h1gh
levels ‘of sulphates had been evident and design and eng1neer1ng had pro-
ceeded without major .concern for water quality with recogn1t1on that
changes might be necessary before the procurement process or as addenduh
to contract .packages already in the procuremént‘process. -

DESIGN

" The 1ayout of the geotherma] supply line is shown in Figure I ‘Table 5
ndep1cts the bu11d1ngs to be retrofitted and Tab]e 6 identifies the various
retrof1t optmons for these buildings. Figure 2 shows climatological data
for Susanville. F1gures 3, 4, and 6 show proposed .approaches ‘for modifica-
tions -of wvarious ex1st1ng heat1ng systems, and Figure 5 shows the .comparison
of heat pump and fossil fuel boiler.

Unique Features The use :of geothermal energy (a renewablé energy
resource) for: 1) Space heating‘andAdomestic:hot water purposes; and 2)
‘Economic -development purposes by cascading the residual energy from the
‘Heating District through an Indu§tria1 Park, thus displacing high cost
ifossil fuels and electricity.

'System :Economics A-preliminafy-economic analysis of ‘the project :has
‘been .conducted that would indicate a selling price of $5.00 per million Btu
‘for geothermal -energy. No -cost of money was considered and the following.

criteria wutilized:
v 1) Depreciation -

‘Pumps and equipment 10 years
Wells 20 years
‘Pipeline, etc. 30 years

29 ‘Normal.;administrative and maintenance cost
3) iElectrical :cost of 4¢/Kwh

4) A commercial ‘A & E cost charged in proportion to :the
‘depreciation :at 80% of capital cost

5) Two .production wells producing 19 L/s (300 gpm)-@A3O°;F AT
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6) Load factor of 40%
7) - Well temperature of 76°C (170°F)
8) O0il price of $7.14 per million Btu

If one then charges geotherma1 energy to the retrofitted buildings at
$5.00 per million Btu, it is possible to obtain a payback on the retrofit
cost (without allowing for cost of money) within a’9-year period.

STATUS

Technical Scope  The objective was to develop one or two production
wells capable of a total production of 42 L/s (660 gpm) at 70°C (160°F)
anticipated not to exceed 275m (900 ft) in depth and requiring a 25 - 30cm
(10 - 12 inch) casing cemented to prevent fresh water intrusion at 100m
(328 ft). Injection will take place via a simple reinjection well situated
in an area outside the main production zone. _

Production from the one/two production wells will pass into a 50,000 L
(13,000 gal) surge tank and be distributed to the main 1ine via a transfer
pump into a diStribution system consisting of approximately 1,550m (5,000 ft)
of insulated 15 - 20cm (6 - 8 in) main Tine with approximately 1,200m (4,000 ft)
of return line consisting of 10 - 15cm (4 - 6 in) uninsulated transite. Four-
teen pub1ic buildings along the route of the transmission line are to be
retrofitted. (See Table 5) v

Planning to eventua11y utilize the return effluent fluids from the Heating
District in a Park of Commerce is concurrent with the anticipated DOE-funded
construction phase. This effort is being carried out by the City of Susanville.

The originally proposed scope of the project envisioned three production
wells, two injection'we]]s and a distribution system encompassing at least
17 pbulic bu11d1ngs The maJor reasons for a cutback in anticipated scope
arose from an enormous escalat1on in component cost due to inflation and the
unanticipated h1gh cost of retrof1tt1ng existing heat1ng systems, particularly
the Tow pressure steam systems ‘that became apparent on]y through the design
and eng1neer1ng effort conducted in Phase I of the DOE Contract.

Schedule The construct1on effort currently nearing comp]et1on is
expected to go into a full system checkout and trail period commencing
September 15, 1981 and be comp]eted by October 15.
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Costs The original proposal anticipated-that at least 17 public
buildings and associated distribution lines, resource deve]opmenﬂ and
associated software efforts could be accomplished for $2,372,378.00.

Bue_to cutbacks, esca]ating costs and identified higher retroﬁit costs
as a resu1tupf the design and engjneering‘effort,_it is anticipaced_that
the $1.67 million available for construction will be sufficient for the
reduced program scobe. |

Cost Share The cost share rates for Phase I was 97.77% Doé and 2.23%
City of Susanv111e The Phase Il effort is anticipated to be atfa‘similar
Tevel. Recent participation by the County of Lassen in the retrof1t costs

of the1r fac111t1es will effect upward the level of local part1cvpat1on
. !

' Aceas of over/un&erkun The_tota] project is currently expected to be"
completed within allocated funds.

PROCUREMENT PROCESS

Exten51ve use of Building Exchanges (10} and the Daily Pacific Bui]der'
(a California contractor daily newspaper), plus normal advertisiﬁg in local
newspapers and information dissemination to major pipeline, pump, heat
exchanger manufacturers and to the construction industry caused above-average
responses by contractors to the bid process.
A standard procurement package was developed:
Part A - contained C1ty requ1rements and special cond1t10ns
Part B - addressed all Federa] and State requirements
Part C - conta1ned spec1f1cat1ons
This allowed for a speedy approval process despite the many agenc1es involved.

'
)

Product1on Well (Susan I)

Fixed price $112,600

Drilling commenced October 15, 1980

Drilling completed December 2, 1980

Contractor ‘_ Water Development Corporation, Woodland, CA
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1Qel1ne

Fixed pr1ce A $347,369

Commenced | June 1, 1981

Completed September 7, 1981

Contractor ' Valley Engineers, Inc., Fresno, CA

Approximately 1,700m of 20cm (5,500 ft. of 8 in) Temptite transmission
line, plus 1,700m of 10 - 20cm (5,500 ft. of 4 - 8 in) Transite return line
direct buried 1 m (3 ft) below grade. Pipeline was surrounded by a 8cm
(3 in) layer of 10mm (1/2 in) gravel. Fifteen major 1.2m x 1.2m x 2m
(4' x 4' x 6') Valve Boxes are provided .plus future takeoff points at each
street intersection. Pipeline route was through existing streets requiring
replacement of black top and tunneling underneath highway.

This contract was completed with a minor change order of $3,000 caused by
the presence of an old motor car and sewerage pipe encountered in the tunnel-
ing of Main Street requiring the resetting of a Valve Box 0.6m (2 ft) lower

than anticipated. ,
Overall, an excellent job completed on schedule.

Production Pump

Fixed price $33,700

Ordered April 15, 1981

Delivered August 15, 1981

Contractor E. E. Luhdorff Company, ondlénd, CA

Supply of one Peerless Pump with capacity of 50 L/s (800 gpm) from a pump
set of 49m (160 ft) and drawdown of 46m (150 ft) plus motor of 60 h.p. rating.

Zinc free bearings throughout. _ ,
Installation and checkout comp]eted an excel]ent installation.
A long lead purchase item, factory:de1ays caused fgrther delivery problems.

No cost changes.

;e

Well Head’ Equ1pment E1ectr1ca1 etc

Fixed price .. . . ‘.[, $105 300

Construction commenced , May 11, 1981

Construction comp]eted » September 15 1981

Contractor - : ‘Daria W. Knudsen Fort Jones, CA
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%
Supply'and‘instalfatfon‘of 50, 000 liter (13,000 gal) 1nsu1ated Surge
Tank, .two: surface pumps, electrical contro] gear, temperature and f]ow

metérs, valvings ete. ,
Some de]ays 1n obta1n1ng va]ves and recording equ1pment

Coo11ng Tower' :
: Fixed price " $10,000 installed

* Ordered’™ - ~ December 17, 1980
Delivered = o Bpril 29, 1981 :
© Contractor : Lassen Heating and Air- Cond1t1on1ng

Susanviltle, CA

Supp]y of one Baltimore Cooling Tower for pump test to allow geothermal
flufds ‘to be d1sposed of in a local irrigation-ditch by cooling- f1u1ds from
:'80 ¢ = 55°C (175° ~"130°F) prior to disposal. H
Tower performs to spec1f1cat1ons and certainly provides a necessary safety

factor No cost c¢hanges.

Retrofit Lassen High School Complex (11 buildings)

Fixed price $427,700

Awarded ~ June 29, 1981

Completion Estimate September 30, 1981

Contractor E. H. Morrill Company, Berke]ey, CA

Retrof1t ex1st1ng space heating facilities and domest1c hot water system.
De1ay of 3 weeks caused by City's decision to change to stainless steel
after award of contract in light of new water chemical analysis information.
Additional cost of $15,000 incurred by this change. - |

Retrofit of Washington School Complex

Fixed price $40,600

Contract awarded June 29, 1981 _
Contract completed September 15, 1981 (estimated)
-Contractor ' Lane"s Bu11ders, Burney, CA

Retrofit of space heating and domest1c hot water system.
‘Heat Exchanger delivery caused 4 week delay.

Injection Facility Use of existing abandoned well with provision for
second injection facility following full system checkout August 15, 1981.
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Conclusion Construction, on the whole, has been completed within
ancitipated time frame. Cost of retrofits have been considerably higher
than anticipated. :However, lower cost of pipeiine and success of the first
production well has allowed. project completion to occur within projections.

Strong construction management and the ability of the Project Office to
make decisions (thanks to the support of Hilary Sullivan and Rick Visoria)
~in a timely manner have kept change orders below 1% of project awards.

The quality of subcontractors- has been most reward1ng, certainly con-
tributing to a relatively trouble-free construction effort.

LESSONS LEARNED - ‘CONSTRUCTION PERIOD

Time allocated for the procurement process was underestimated. Review
prooesses, particularly where cities are invo]ved‘ tend to be Tengthy.

In the current economy, nothing is available "off the she]f” 6 to 8 weeks
de]1very for most méchanical components appeared to be the norm.

Standardization of bid packages saved cons1derab1e contract management
and legal time. _

, Extenstve use of the various Builders Excnanges and the Daily Pacific
Builder considerably enhanced the number of responses to advertised bid
packages. a '

Contracts with a face value of less than $400 000 failed to attract
s1gn1f1cant response, and therefore, limited competition in the bid process.
The use of a Construction Management Team was a definite benefit to the
project and a]so appreciated by the subcontractors. Decisions, if necessary,

could be made instantaneously in the field thus minimizing downtime.

Extensive detail in the specification packages minimize misunderstandings.
Extens1ve1y deta11ed des1gn draw1ngs are poss1b1y not” necessary when specifi-
cations are extens1ve and def1n1t1ve ) 3

Exce]]ent 1n1t1a1 resource eva]uat1on cons1derab1y enhanced program
eng1neer1ng and project progress g;aA “ R

Rampant 1nf1at1on requ1red 11cense for creat1ve thlnk1ng and dec131on

)l f r

mak1ng 1n order to rema1n w1th1n budget
. f';x-:,-{;‘;"l“ ; . . TR Lo
Conc]usion ~Without, extreme]y close commun1cat1on between DOE-SANS Office,
Project’ Team, PrOJect 0ff1ce “and: the Subcontractors “the: timely review process
conducted by DOE/SAN and ETEC, the Susanv111e project undoubtedly would have
been in a serious overrun situation.
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TABLE I1L. Deliverability of Susan 1.

1 1
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(e)Short term flow test, 4 - 8 hours at each of 3 rates of flow.
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9Lt

E Sémple

Cheinical analyses of water from Susan 1, Suzy 9A; and nearby wells.

CTABLE IV.

_Concentration, in ﬁa’ft%_ per imillion
IS

Sample Tempeﬁature, ] ) - ~ Calculated Field Lab” '

Number Date oF Nat  Ca*t Mgt Kt C1-  S0p HCO3 €03 OH- B Si0p ™5 pH  pH  “Water Type

Suzy o3 . T . ) )

9A-1 E 2/15/807 - 165 215 76 2 5 120 320 34 0 2.00 - 757 6.5 8.1

Suzy 3 i , o o , :

9A-3 2/21/80 165 205 32 1 6 120 294 - 37 . 1 3.08 - 680 6.5 8.4

Suzy S 3 N , ‘ 7 |

9A-4 2/27/80 165 203 30 1 6 119 294 35 1 2.46 - 674 6.5 8.4 -Nad>>Cad>K
. ' S04>C1>>HCO3

Suzy ' 3 ) . o )

9A-5 2/27/80 165 207 36 1 6 120 307 . 35 0 3.08 - 698 6.5 8.2

Suzy . 3 ’ : , - L )

9A-6 2/2_7/80 165 205 34 1 6 119 301 37 0 3.0 - 688 6.5 8.3 ‘

Susan 1 11"1/23/804 164 245 30 0.351 6.80 127 379 7.80 2.52 82.6 881 8.91 Na >»Ca>X

- S045CT>>C03




TABLE 5

SUSANVILLE PUBLIC BUILDINGS

SIZE YEARLY TOTAL  PERCENT  GEO
5Q FUEL HEAT GEQ FLOW
FT CONSUM LQAD CONVERS ~ GPM
GAL 10° BTU %
: - | AR
COUNTY COURT HOUSE 22,000 10,300  1.26 32 24
CITY AND COUNTY JAIL 7,100 7,700 .37 100 36
WASHINGTON SCHOOL 11,600 7,200 1.56 100 67
LASSEN HIGH SCHOOL 139,000 114,500 7.23 66 340
SCHOOL OFFICE 3,200 4,000 .21 100 1
SCHOOL MTC. SHOP 5,000 9,520 .76 74 28
VETERANS BLDG. 14,400 7,500 .6 67 20
FIRE HALL 7,900 8,000 .36 100 40
TOTAL 210,200 168,720  12.35 80 566
TABLE 6
SUSANVILLE PUBLIC BUILDING CONVERSIONS
RADIANT |PROPANE  |HOT WATER |[DIR FIRED [STEAM- STEAM
FLOOR  [CEILING | FORCED FORCED = | WATER RADIATOR
BUILDINGS PIPES | UNITS AIR AIR_ FORC AIR _
DIRECT | REPLACE | ADD HOT  |ADD HOT  |DIRECT 'REPL W/
ATTACH . | 4/HOT WATER| WATER COILS] WATER COILS|ATTACH OR CONVECTORS
THRU HEAT| UNITS HEAT PUMP | OR HEAT PUMP
EXCH | AUGMENTATION
CO. COURT HOUSE | L X
CITY & CO. JAIL }: X
WASHINGTON SCH. | X R N
LASSEN HIGH o |
(11 Bldgs). _ X
SCHOOL OFFICE - X_
SCHOOL MTC  SHOP i X -
VETERANS BLDG. X
FIRE HALL X

17
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PROJECT TITLE: Floral Greenhouse Industry Geothermal Energy
Demonstration Project

PRINCIPAL INVESTIGATOR: Ralph M. Wright, Chairman of the Board
Utah Roses, Inc. (801) 295~2023

PROJECT TEAM: Utah Roses, Inc.
Energy Services, Inc,

PROJECT OBJUECTIVE: To demonstrate to the public the potential offered
by geothermal space heating in a highly populated
area, by using geothermal heating in a commercial
application.

LOCATION DESCRIPTION: Sandy, Utah (Figure 1)
13 miles (21 km) south of Salt l_ake City:

Population: 51,227; Metropolitan area of 50,000
Area Activities: Agr'icu'itur\e, light industry and
commercial development

RESOURCE DATA:

Well Depth: 5009 ft (1527 m)

Date Complete: 12/8/79

Completion Technique: Slotted Liner
Wellhead Temperature: 124°F (51°C)
Flowrate: 230 gpm (14 1/s) with pumping

Summary: Several wells in-the area of Utah Roses have shows
' of warm water, including one w1th1n 100 yards (91m )
of.the site; which. has 93°F 34 C) water, The pre-
‘sent well was drilled into loosely consolidated- sand—-
~istone. formations beneath the Utah Roses property,
“and encounter'ed the primary productlon of 132 to
g 140 = water* at. 2800 to 380() ft, ‘

SYSTEM F-‘EATURES SRR "1
Apphca’cion Greenhouse space heatmg

Heatload (Design): 4.9 x 106 Btu/hr. (1.44 MW) geothermal handles
full load to 35°F outside termperature
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Yearly Utilization (Maximum): 20 x 10° Btu (©.67 MW=Yr) estimated

Energy Replaced: Fuel oil — 40,000 gal., presently used bnfy for peéking
Natural gas - 14 x 108 cu. ft.

Facility Déécr‘iptioh: Six acre (24,300 m2) commercial greenhousé
Disposal Method: Surface discharge to adjacent canal.’ . ( v "

The Utah Roses facility, in a rapidly growing suburb of
Salt Lake Gity, used $180,000 of fossil fuels during the
 winter of 1979-80. It is anticipated that the well will |
‘provide 50% of the heating for the greenhouse which pro—

duces cut roses for the national floral market.

Summary:

It had originally been expected that the geothermal well '
would provide 100% of the greenhouse heat. However,
the relatively low temperature and flow limit the amount
of heat available from geothermal to 25% of the peak heat
load, which is estimated to provide 50% of the, total annual
load. However, Utah Roses has decided to replace the
_existing fiberglass greenhouse cover with a double-wall
inflated polyethelene cover. This will reduce the
required maximum heat load by 19%, thus allowing
geothermal to provide 65 to 75% of the total annual
requirement. N '

STATUS:
!

The well is completed. Approval for discharge of :the geothermal

fluids has been obtained from the Utah State Depar‘:tment‘of’ Health

and the Utah State Engineer. The NPDES permit for surface dis—

charge to the Jordan River has also been received.

|

The NPDES permit was delayed (see Lessons Learned, below) for
a full heating season. The project schedule now calls for instal-
lation of the heating system in the greenhouse, the well pump and
delivery system, the discharge system, and a part of the new
greenhouse cover by Sept. 30, 1981, Operation of the system will
commence at that time. Evaluation of the double poly cover on the
greenhouse will be conducted in the winter of 1981-82, and instal-
lation of the balance of the cover will be done in the summer of
1982, ‘




-~

CURRENT ESTIMATED
PROJECT COST:

Total: $856 200
DOE Share: ' $478 312 * Participant Share © $377,888

56% 44%

TOTAL EXPENDITURES
TO DATE:

$22,787

K%

T$486,738,.

LESSONS LEARNED:

The project has been delayed for one full heating season by delays in
obtalmng state and federal discharge permits. The bulk of this delay
came as a r*esult ‘of a mlsunder‘standmg of the pr*oceedur*e followed by
EPA in 1ssu1ng the NPDES permit. The permit was applied for‘ before
the project began; and went through the normal 180-day period of public
notice, public comment, and other administrative functions. During
the 180-day period, EPA thmugh discussions with project personnel,
‘was: encour'aged to at; least issue. tempor'ca.ry authomty for discharging
during well dmllmg and testtng. “This permission was given, just in
time for each pr‘ocedure to be conducted.

Upon completion of the well, the Utah State Dept. of Health was asked
to give permission for the discharge, and the project manager was

told that once Utah State had approved, the EPA would issue a perman—
ent discharge permit (for a 5-year period, which is their maximum.)
However, when the state approval was obtained in October, and EPA

was asked to issue the NPDES permit, the project manager was informed
that a new application would have to be processed by EPA. EPA would

attempt to expedite the process, in 90 days, but this effort failed. A permit

was issued in May 1981. Also, it has been learned that this is not

a new permit, .but-only a revision of the original temporary permit, and
so the time period is not extended but expires 5 years from the first
lssuance, which leaves only 3 years of heating seasons before the permit
will become sub_]ect to review. One can only hope that any changes in
the govemmenta'l r‘egulator'y phtlosophy in the next 3 year‘s will be for
the better'. o . :
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UTAH ROSES FLORAL GREENHOUSE PON REPORTS

(Contract No. DE-ACO7-79ET27056)

5
|

Energy Services, Inc., Environmental Report:for Geothermal
Space/Process Heating Project, Utah Roses, Inc., Report No. |
- "UR-G-79-1, Contract No. DE-AC07-79-ET-27056, :March 1979. .1 - -~

o

'Energy Services, Inc., Geothermal Evaluation of the Utah Roées
Property in Sandy, Utah Area, July 1979, revised September'1979t

.Energy, Services, Inc., Floral Greenhouse Heat1ng, Sem1-Annua1
Technical Report (January 1979 - July 19797, Report No. DOE- 77056~ 2
Contract No. DE-AC07-79ET-27056, October 1979,

|
}

Energy Services, Inc., Dril]ing Summary, Utah Roses;"Inc.; Sandy, '
Utah,” January 31 1980. PR o . oo

ffEnergy Serv1ces, Inc s Utah Roses F1ora1 Greenhouse. Geothermal PrOJect
" Semi-Annual. Technical Report, ‘August 1979-April 1980, Report No.
'DOE/ET/27056/3 Contract No. DE ACO7 -79ET - 27056 Apr11 1980¢.

'Energy Serv1ces, Inc:, Env1ronmenta1 Supplementary Ana1y51siPerta1n1ng
to the D1scharge '0f‘Geothermal Fluids from the Utah Roses; inc.,

. Geothermal Well at'567 West 90th -South into the Galena. Canal, (Utah
‘Roses. Report No. UR-G-79-1A, Contract No. DE-AC07-79ET27056), .-

October 1980. . o . S
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PROJECT TITLE

~ Pagosa Springs Geothermal Heating and Distribution System

PRINCIPAL INVESTIGATOR

William A. Ray, Town Manager
- (303) 264-5698

PROJECT TEAM
Town of Pagosa Springs
Archuleta County

School District #50-Joint
Coury and Associates, Inc..

PROJECT OBJECTIVE

To provide the community with a means of using its natural hydrothermal
resource for space heating.

LOCATION DESCRIPTION

~ -Pagosa Springs, Colorado

60 miles (97 km) east of Durango, Colorado

Population: 1500

Area activities: Ranching, lumbering, and tourism/recreation

RESOURCE DATA

PS-3 PS-5
Well depth 300 ft (91 m) 275 ft (84 m)
Date complete - 7/2/80 -7/31/80
Comp]etion technique Open hole Open hole
Wellhead temperature 131°F (55°c) 148°F (64°C)
Flowrate 600 gpm (38 1/s) 1200 gpm (76 1/s)
for 12-hr test for 12-hr test

Summary: The geothermal resource in Pagosa Springs has been used
since the early 1900's. Nearly 30 wells have been drilled
for heating and recreation purposes. These wells are drilled
to depths of less than 500 feet (152 m) and produce waters
ranging in temperature from 1300F to 1700F (549C to 77°C).
The hydrothermal fluids are produced from a Dakota Sand-
stone acquifer, Figures 1, 2 and 3.
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SYSTEM FEATURES

Application: . 3 District heating
Heat load (des1gn) c 27 x 10° Btu/hr (7.9 MW)

Yearly utilization (maximum): 28.6 x 10 Btu/yr (0.96 MW-yr)
Energy replaced: Natural gas--40.8 x 106 cu ft
Facility description: 10 public buildings, 54 businesses,
: 63 residences, and designed for future
expansion

Disposal method: The State of Colorado has agreed to dis-
, charge of the geothermal fluid to the
San Juan River

Summary: The district system will provide heating for users located
along U.S. Highway 160. For the proposed closed distribution
system, two independent loops have been designed. The initial
system will utilize 900 gpm (57 1/s) but will be capable of
expansion to 1800 gpm (113 1/s), Figure 4.

STATUS

Technical Scope

The objective of this projeet is to demonstrate the engineering and eco-
nomic feasibility of the utilization of a moderate temperature geothermal
resource for space heating

For the proposed closed" d1str1but1on system, two independent loops have

been designed, one for the east side of town and the other for the west
side, to provide a safety factor in the event of a pipeline breakage.

The east loop:is designed. to carry 1350 gpm. The west loop has been de-
signed for 1000 gpm; however, initially, it will carry only 500 gpm. This
is to permit future expans1on of .the, distribution system into the growth
areas of. Pagosa Springs. . A schemat1c diagram of the overall design is shown
on Figure 5 Br1ef]y, the system w111 operate as. fo]]ows

1. Clean c1ty water w111 be heated w1th the geothermal fluid
using two plate heat exchangers. The geothermal fluid
leaving the: plate heat exchangers. is then d1scharged to

, the San Juan. Rlver oy :

2. The clean heated c1ty water w111 be c1rcu1ated in each of

A two-closed 1oops by means of. one to four. pumps., depend1ng '

- - .0n user demand.. Each of the loops consists of large diam-’

. eter.asbestos= eememt .pipes, 6:to 10 inches referred to
as trunklines, and sma]]er diameter service pipes- carrying
the water to the ‘individual users. Two parallel trunkiines
are in each loop. An insulated supply trunkline carries.
the heated circulating water, and an uninsulated return
trunkline directs-the cooled circulating water back to
the heat exchangers.

125




3. At the terminal point of the supply 1ine, in each loop, .
there will be flow control valves to ensure a minimal amount
of hot water being circulated at all times.

4. The circulating water is collected in the return trunkline :
and then routed to the heat exchangers where the ent1re
process is repeated.

i

Operating Conditions

Table 1 shows the design operating conditions for the heat1ng*system The
flow conditions will not be realized for the first several years, since
'1n1t1a11y the system is used to only partial capacity.

|
Table 1. DESIGN OPERATING CONDITION ;

__Geothermal Fluid _ Circuﬁating Fluid
Temp. Pressure Flow Temp. Pressure Flow.

_ (°F) (psi) (gpm) (OF)  _(psi) (gpm)
Inlet heat exchanger 140 30 2000 107 60 1800

Outlet heat exchanger 114 15 2000 136 130 1800

. . H i .
The circu]at1ng water at the suction side of the pump is at a pressure of
60 psi. To assure the constant 60 psi suction pressure, city water supply
will be cross-connected into the return lines of the d1str1but1on Toops and
maintained using a pressure-reducing valve. This will pressur1ze the sys-
tem and also be the source of makeup water. ' Two back check valves are to
be installed at this point to avoid the possibility of water|backflowing
into the city water supply system. “Pressure release va]ves and vacuum
valves will also be installed in the system. ‘

The pumps at design filow rates add 70 psi of head, for a-netiof 130 psi.
Valving and other losses drop the pressure to 133 psi and the heat exchanger
further reduced to about 90 psi.

The heating system will not be operated at design conditions' for the first
several years since all users are not expected to be on-line. The system
will be used to only 40% capacity when it is placed in initial service.

This will not influence the normal operating conditions or the control
scheme described below. The distribution system will be operating over

a broad range of conditions that will fluctuate daily as well as seasonally.
The seasonal flow ratios will vary from 200 to 2000 gpm, and daily fluctua-
tions by 250%. ;

'
i

Contro] Sys tem

Unerating over a broad range of conditions, ‘the main intent of -the
control System is to minimize both the operating costs and manpower
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requ1rements to operate the system. The control scheme will control the
four circulating pumps, ' the number of heat exchangers in operation, flow
from the geothermal wells, and temperature of the circulating water leaving
the heat exchangers. A system schematic diagram is shown on Fiqure 6,

The circulating pumps will be operated based on user demand plus 150 gpm,
which will be continuously circulated through the piping system. The
pumps will operate in the following sequence:

500 2 flow 2 150 1 pump
1000 =2 flow 2 500 2 pumps
1500 2 flow z 1000 3 pumps
2000 2 flow 2 1500 4 pumps

There will be manual switching for rotating the use'of the pumps. This
feature permits even utilization of all four pumps.

The flow requirements will be sensed by a flow indicator on the return
portion of the piping network. In addition to determining the number of
circulating pumps to be in operation, the flow instrument will control the
number of heat exchangers in operation. At flow less than 1000 gpm, only
one heat exchanger will be in service. At flows greater than 1000 gpm,
both heat exchangers will be in service.

The flow indicator will.also determine the number of geothermal pumps in
operation. With flows of less than 1000 gpm, one well pump will be opera-
tional. At flows greater than 1000 gpm, both wells and associated pumps
will be in operation. To minimize equipment wear and to allow the system
to reach equilibrium operating conditions, there will be some minimum cycle
time between on and off modes of the pumps and heat exchangers.

Flow from the goethermal wells will be controlled by the discharge temper-
ature of the circulating fluid. This temperature controller will operate
a throttling valve on the geothermal supply line to maintain a constant
discharge temperature from the heat exchangers.

Instrumentation and Data Collection

i

A control panel monitoring the different components of the distribution
system will be located in the building housing the heat exchangers and
pumps. The panel will indicate ‘which d1str1but1on pumps, well pumps, and
heat. exchangers are in operat1on

The flow rates of- both ‘the geothenna] and c1rcu1at1ng fluids are to be
measured and recorded The f]ow ‘rates w111 be 'indicated 1oca11y and will
also be totalized to allow a ‘comparison to be made with-users' meter
reading to act as a check. At the heat exchangers, the inlet and outlet
temperature of the geothermal and circulating fluids will also be measured
and recorded. The geothermal -fluid discharge into the San Juan River will
be measured and recorded’ continuously for temperature: and flow. The two
flow and nine temperature measurements will be recorded using a small
computer. The computer will also be used for billing the system users.
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Pressure gauges: will be installed on inlet and discharge of each pump.
Pressure gauges will also be installed on the upstream and downstream
-side of the pressure regu]ator in the city water supply line. Temperature
gauges are to be installed on the geothermal wells, geothermal d1scharge,
and a]] 1n]et and outlet points of the heat exchangers.

SCHEDULE

The wells required for the project were completed in the summer, of 1979.
Based on results from the well dr1l]1ng program, the final des1gn was
completed in December. Construction is continuing with completion ‘sched-
uled for the first week in October. A schedule of major completed and
planned events is presented below:

10 Completion of final design: December 1980

2. Send out bid documents: April 1981

3. ConstrUction contracts: : June 2, 1981

4, Construction: July-September 1981
5. System testing: October 1-15, 1981
6. Sysfeh opération: | , _ October 15, 1981

- CURRENT ESTIMATED PROJECT COST

Total: $1,364,280
DOE share: 1,111,000 83%
Participant share: 227,508 17%*

*Includes $115,500 of existing facility credits.

LESSONS LEARNED

1. With the rapidly escalating costs of materia1s and labor, an appro-
priate contingency factor should be included in all cost estimates
~ and should be acknowledged and accepted by grantor agencies. A good
portion of our cost overrun from original agreement estimates made
over two years ago are because of inflationary cost escalation dur1ng
'that time.

2. “Keep1ng the public informed of proaect progress is 1mportant for
-+ .successful acceptance, and to minimize erroneous 1nformat1on and
“rumors. Interviews by media reporters frequently result!in partial,
misleading information being published or broadcast. Carefu]]y
written news releases are best,but even then the media space or
time limitations result in editing which often changes the context.
If at all possible, a person should be designated to communlcate
w1th the media and the public on a regular basis. »
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Predicting the existence of geothermal fluid underground, and
especially quantification, is not reliable even in close proximity
to existing wells. It seems the only dependable way to determine
the existence of, and to quantify, geothermal sources is by means
of test holes.

In our project, a-new well located only 30 feet from a previously
drilled test well produced fluid 100F cooler than had been obtained
from the test well at comparable depth. A second new well located
350 feet southwest of the first one did not produce fluid quantity
or temperature-comparable to the first new well, nor as expected
from geological analysis of the substrata.. The well could not be
used and was cemented up. A third new well located 180 feet east
of the first one, and about 30 feet south of an existing old well
produced much greater quantity of fluid than either of them, and
170F hotter and.at a depth considerable less than pred1cted by
geological analysis of -the substrata.

Drilling geothermal wells, particularly artesian wells, presents
problems and situations not encountered in usual water well dril-
ling. This applies not only to the temperatures and pressures in-
volved but also to the subsurface strata which may have been affected
by the geothermal conditions. Anomalies from usual geologic situa-
tions should be expected.

Keeping state agencies and local government bodies informed on the
progress of the project, and particularly about well drilling, is

of great value in assisting various permitting and approval require-
ments.

If possible, a local contractor with interest in the project should
be used. Since the contractor's reputation will be under close
scrutiny, it is likely he will do a better job.

Extensive background checks should be made on all contractors by
contacting the owner of their two or three most recent jobs. Past
reputation may not always be accurate. _

Many of the laws and regulations pertaining to geothermal are new
and leave many holes regarding their interpretation. Can plan on
spending much more time than initially anticipated in dealing with
these. No precedenceghas been set for many of these new laws.

Work close1y with area fepresentatlve'to-1ntrodu¢e state legislation

covering the existence and operation of commun1ty -owned geothermal
heating districts.
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PAGOSA SPRINGS -PON REPORTS /

- [Cooperative Agreement No.. DE-FCO7-79ET27030) -

Garing,- Kenneth L., Direct-Utilization of Geothermal Energy‘for Pagosa
Springs,. Colorado, Semi-Annual Progress Report, June- December 1979,
Report IDO 7031 1, Contract No. DE-FC07-79ET27030.

.Hydrosc1ences,,1nc., Geoﬁxdro1ogica1 Analysis of the Geothermal Reservoir,
Pagosa;Spr1ngs, Co1orado,zCooperative Agreement No. DE-FCO7479ET27030,
October'18 1979 .

Coury and Assoc1ates, Inc , An Env1ronmenta1 Report on the Construct1on
and Operation of .a Geothermal District Heating System in'Pagosa Springs,
Colorado, Revision 1, Contract No. DE-FCQ07-79ET27030, January 1980.

Coury and Associates, In¢c., Chaffee Geothermal, Ltd., and Hydrosciences,
Inc., Geothermal Resources Report Pagosa Spr1ngs, Colorado, (Cooperative
Agreement No DE-FCO7- 79ET27030) January 1980. : '

Coury and Assoc1ates, Inc., Direct Ut111zat1on of Geotherma] Energy for
Pagosa Springs, Colorado, Preliminary Design Report, Contract No.
DE-FCO07-79ET27030, February 1980.
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‘-Loéatién of wells drilled by this project (PS-3,
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WELL PS-3

K ;f: {“ | | Boulders
R ' 24"
Mancos Shale

A

< 110"
660g8m
138°F .

232"

L

‘?syﬁzﬁzzzﬁ%?
/

=

(all flows are
cumulative)
Reservoir test: 6005pm
‘i , 131°F

Conductor pipe

26"¥bore
20" icasing

Surface caéing

17%"Aboge
13-3/8" casing

Production -casing

125" bore
9-5/8", casing

232" ' 1

y \!

_'Mancos Sbale

50gpm- !

Dakota Sandstone 126 F

R I

Open hdie 1.

8-3/4" bore € 249"

650g8m
131°F

270"-300"
835g8m
130°F

300" TD

Figure -2,
Springs, Colorado.
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SOOgBm
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Completion and casing profile of well PS-3, Pagosa




WELL PS-5

(all flows are

.*‘\%““///f“///.e"‘.//f cumulative)

7 149°F
<> ‘
_f~‘—“\s“’Conductor pipe
26" bore
20" casing
Boulders
18’
Mancos Shale
=
r[::;———“"TZ__—;44" Surface casing
: 17%" bore
_y 13-3/8" casing
pe————— 99!
300gpm
/: 138°F |
107!

400g8m
138°F

' Production casin
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. l¢—— 220' - 131°F
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274" TD o 1000gpm 145°F
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Completion and casing profile of well PS-5, Pagosa

Springs, Colorado
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@orhett-Hutchings- Smith
Memorial Hospital

322 @oleman Street @elephone: 817-883-3561
Marlin, Texas 76661

PROJECT TITLE: Direct Utilization of Geothermal Energy at Torbett-
‘Hutchings-Smith (THS) Memorial Hospital, Marlin, Texas

PRINCIPAL INVESTIGATOR: J. D. Norris, Jr., Administrator, THS Memorial Hospital

PROJECT TEAM:

Prime Contractor: THS Memorial Hospital, Marlin, TX
Geothermal Consulting

Engineers: Radian Corporation, Austin, TX
Architects:. Spencer Associates, Austin, TX
"HVAC Consulting

Engineers: Ham-Mer Consulting Engineers, Austin, TX
Drilling and

Completion: Layne Texas Company, Dallas, TX
Constructors: Lochridge-~Priest, Inc., Waco, TX
Surface‘Disposal: City of Marlin

Community

Coordination: Marlin Chamber of Commerce

Legal: J. Welch, Marlin, TX

Accounting: . W. M. Parish & Co., Marlin; TX

PROJECT DESCRIPTION:

The purpose of thls geothermal ‘project is to retroflt the 130-bed
hospital space and water. ‘heating systems to use géothermal energy,
thereby reducing its dependence ‘on fossil fuels. The geothermal
heatlng system will supply heat. to the hospital domestic water
system, as well as to theé space: heatlng and outside air preheating
systems. At present, héat.input..to these systems is accomplished
via steam provided by a low—preséure, ‘mnmatural-gas-fired boiler.
This boiler system will remain in place as backup and augmentation.
Readily available commercial piping, pumps, valves, controls,
plate heat exchangers, and insulation will be utilized.

The final phase is a one-year operational demonstration phase, during

which potential geothermal users will be encouraged to visit and
observe the geothermal heating system.
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THS MEMORIAL HOSPITAL
Marlin, Texas

LOCATION DESCRIPTION:.

THS Memorial Hospital is located in Mérlin,,Texas (population
6,350), approximately 30 miles southeast of Waco, Texas (Figures 1
and 2).

Scale in Miles

o — - ———)
0 510 20 30

' Bryan
College

Station

Figute 1.‘ Geographicél Setting of Marlin, Texas

138




6€1L

=

(&A LYARY,
| CEMETERY

3

AR /4

EVEROATEN
CEMETIRY

scale  400'=1"

W/ILL/IAMS

ITYREEY o

Tigure. 2.

THS Memorial Hospital Location in Marlin

sexa] ‘uITael
TVLIdSOH TTVI¥YOWAW SHIL




THS' MEMORTAT, HOSPTTAL.
Marlin, Texas

I, shown im Flgure 3, is. 3, 885 feet in total L

The: productlon we,

depth’and wasi comp eted in: Jully 1979+ The. productlon zone: 1&
5 1/2" O D mlll slot screen) frem about 3”613’ o

- wh“ch Outcrops in Arkansas and underlles ‘much of 2
- Texas. . The coarqer—grained sandstones - (espec1ally the
Hosstor nlember of the Travis Peak Eormation) arethe groundwater
rreserv01rs that define the-aquifer shown in Figure 4. ‘The
factor which ig respon31ble for the area's geothermal value is’ the
hydraullc interconnection of deeper and shallow. sandstones prov1ded

by the Mexia- Talco fault system.

JJif

!

|

]
'1'0-3/4"0.1).' Coe

Cement 1

WA DI 2T T

8-5/8" Q.D.

0\!\..

375 57'

P 3s200 ' ’ B
5;," ’ I .

Figure 3. THS Production Well No. 1 Sketch
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THS MEMORIAL HOSPITAL
Marlin, Texas
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Figute 4.
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An env1ronmental assessment, of the dlsposal route’ showed that
surface- dlsposal of the 4, 000 mg/1” TDS. THS''Memorial Hospital

‘yoothtrma] water would not present an unaccéptable environmental

impact. -Both ‘the Texas' -Railroad Commlssion (which regulates

‘.sallne water dlsposal) and the EPA issued ‘disposal permits.

McCullough Slough--a distance of about five miles.

Figure 5- presents an overv1ew of the dlsposal route from the S—acre

City Park Lake on to the Brazos River via Bean Branch and *
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THS MEMORIAL HOSPITAL
Marlin, Texas

-

a more detailed view of the hospital's relationship to City Park
Lake which is about a half mile away. : :

System discharge enters into the city storm sewer at the hospital.
A cascading waterfall at the lake entrance aerates the sewer
outfall. Since the lake is a storm water basin, dilution of the
geothermal water will occur before discharge to Bean Eranch. The
traverse to the river is through open grain fields. A discharge. of
160 gpm (peak) is judged to present no impact on the river Wthh
has a 150,000 to 24,000,000 gpm ‘annual flow. :

5N

MARLIN S, } 18, ‘ 4

L e, (\ PO &% llm:" \S"C\ ;4‘ \ -".'-.
m'f’“i\/ s (7P City Park Lake #@iaygl .
e N Bean - : e ] N\ . \\\L g ~.:?
Branch \g - .P > i ™

Mme CULLOUGH \\" / ' \ I3

.H: “; <’ . ~ Ps % 1\~9WM NN
Ny \ SLOUGH 7 A '\ oo 2300, X N\
q ' I'? N (tsv) \.

Figure 5. 'Surface Disposal Route from City Park Lake to the Brazos River
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ESSENTIAL PERMITS AND EXEMPTIONS:

DOE/EA: EIS Negative Declaration

Texas Railroad Commission: Approval
for Off-Lease Surface Discharge of
Geothermal Discharge Water

Environment Protection Agency: National

Pollution Discharge Elimination System
(NPDES) Permit No. TX0086321

Texas Air Control Board: Permit

Exemption

Texas Department of -Health: Reviewed

SYSTEM FEATURES:

THS MEMORIAL HOSPITAL
Marlin, Texas

August 8, 1980

March 17, 1980

June 14, 1981

August 3, 1981

May 15, 1981

Figure 6 shows the geothermal fluid production system. A submerged
pump,, that requires less than 10 HP at the .design maximum flow

rate of 160 gpm . will be set at 200 feet and used to supply 150°F
geothermal fluid to the plate heat exchangers (PHX). To conserve
the geothermal resource and electric pumping energy costs, the

pump will be run at a speed directly proportional to the system

heating load.

“An electronic variable speed drive (VSD) unit will

control the pump speed (and thus flow rate) according to the
- system discharge temperature set point of about 100°F. The VSD
unit is mounted in the geothermal equipment room with the PHX's.
As the system load increases, the discharge temperature will
drop and a signal sent to the VSD will cause -the VSD to speed up

the pump.

The higher flow rate will supply more heat to the

PHX's and the discharge temperature will thus rise closing the

loop.

meter.

Geothermal fluid flow rate will be monitored by a flow

. Four PHX's are located-in the geothermal equlpment room. One PHX
will: supply heat to: the“domestic water -héating system..:: A
"conductance measurlng systém monitors the ‘output of:the heated
5potab1e water: to insure that if 'geothermal ‘water has leaked,
“within' the PHX from the primary to the secondary side, an

operator alarm is activated and such witer heating is automatically

terminated.
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THS MEMORIAL HOSPITAL
Marlin, Texas

Three Phase :
Power S’u,pply 120 VAC 1

Power Supply
" Variable i
Frequency Control
Drive 4~ — =1 Modue [E——=—1
Off e : I
VFD D Line :
Local G© Remote A
@ LocalSpeed Temperature !
w— . Transmitter |
: 153° ‘ , T —
; o
I Fluid . _ I Disposal
| H Flow H_, !
| i Meter Four Heat
L = S Exchangers "’
) ‘ in Series -Ssp§'
) i . pring |
1 : ' rb-— * . l Check '
L Secondary Valve
Fluid to Load
(Typ. Each Exchanger)
Pump Set
At 200 Feet j\‘a
o/'!
3885 Feet

Figure 6. THS Hospital Geothermal Fluid Production System

system, and the fourth PHX supplies. heat to the outside-air-
preheating system. Other auxillary functions such as laundry
driers, office heaters and surgery room air handling will also
receive geothermal heat. The existing low-pressure steam
boilers will remain in place and will automatically activate to
augment the geothermal heating system. Or, the boilers will
heat the hospital when it is necessary to shut down the

- geothermal system for O&M activities.

Scale control is achieved by maintaining a closed geothermal
loop, which is maintained at 5 psig, minimum, until discharge. A
backwash feature for the PHX primary side,coupled with the ease
of PHX disassembly and plate cleaning (defouling), assures that
potential scaling is efficiently dealt with. Corrosion control
is achieved by: 1) precluding oxygen intrusion via'a closed
geothermal loop; 2) selecting Type 316SS PHX plates which are
known to resist corrosion in the Marlin fluid; and 3):utilizing
CPVC piping for all the geothermal pipes.
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STATUS:

THS MEMORIAL HOSPITAL
Marlin, Texas

Advertising for construction bids was accomplished on March 1, 1981,
with a 30-day response time. Response to the bid advertising was
outstanding. -More than 15 construction firms expressed interest in
the projéct by requesting plans and specifications during the
response périod. The following four bids were received and opened
on April 2, 1981:

e Jacobs-Cathey $689,000
e Emerson Construction $490,000
e Grunau ' $430,936
® Lochridge-Priest, Inc. _ ‘ l >.$365,544

Lochridge-Priest's bid was within 15% of the estimated cost and
was the obvious winner in all respects.

As of September 2, 1981, the construction phase is over 507%
complete with the following items accomplished:

Geothermal Equipment Building Erected
PHX's On-Site

Air Heating Coils On-S5ite

Pneumatic Control Tubing Pulled

Steel Piping 75% In Place

Roof Improvements

The construction phase is progressing smoothly and no change-
orders have surfaced. System operational date is December 1, 1981.
The constructors are subject to a $100 per day penalty after that
date. ’

PROJECT COST:

The total approved project cost is $995,900. This amount was
underwritten in the following manner:

SOURCE PERCENT
e US Department of Energy 82

e Texas Energy and Natural Resources
Advisory Council 8

e In-Kind Services by the THS Memorial
Hospital and City of Marlin 10
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LESSONS. LEARNED:

1.

The number of permits required and the effort necessary
to obtain them were significantly underestimated in:the

__‘initial project planning.

There is no standard method of economic analysis ' The

-asgumptions.used to arrive at any payback period or‘rate of

return must be hlghly qualified to.understand its significance.
The amount of time and effort required to turn a fiﬁal design
which is complete in terms of an engineering .review|into an
acceptable bid package was much greater than expected. Over-
all, the time and effort required to get from completed design
to negotiated conatruction subcontract was greater than planned.
Intermediate steps were: generate bid package, reproduce and
issue package, advertise, answer questions, evaluate bid,
investigate contractor and negotlate to get final signed
subcontract. v } g
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10.

1.

T-H-S MEMORIAL HOSPITAL
(Contract No. DE-~AC08-78ET27059)

Klemt, William B., Robert :D. Perkins, and Henry J. Alvarez,
Ground-Water Resources of Part of Central Texas With Emphasis

on the Antlers and Travis Peak Formation, Volume I, Report 95.
Austin, Texas. Texas Water Development Board, November 1975.

Radian Corporation, An Environmental Report for the Geothermal
Direct Utilization Project at the Torbett-Hutchings-Smith

Memorial Hospital, Marlin, Texas, DCN 78-200-300-02 (Rev. A),
Contracts DOE/ET-78-C-08-1554 and TENRAC/G-3-1, August 15, 1978.
Radian Corporation, An Exhibit for a Special Reqyest for Exception
to SWR 8 to Permit Off-Lease Discharge of Geothermal Water at the
Torbett-Hutchings-Smith Memorial Hospital at Mariin, Texas,

Contract DOE/ET-/8-C-08-1554, November 13 1979.

Radian Corporation, Preliminary Design Report for the T-H-S
Memorial Hospital Geothermal Heating System at Marlin, Texas,

DCN 79-212-300-15, Contracts DOE/ET-78-C-08-1554 and TENRAC/
G-3-1, December 20, 1979.

Radian Corporation, Final Design Report for the T-H-S Memorial
Hospital Geothermal Heating System at Marlin, Texas, DCN 80-212-300-16,

Contracts DOE/DE-AC-08-78ET27059 and TENRAC/G-3-1, September 17, 1980.

Railroad Commission of Texas, Exception to Statewide Rule 14(B)(2),
T-H-S Memorial Hospital, Inc., (02282) Lease, Well(s) No. 1, Wildcat
Field, Falls County, Texas, Letter, July 7, 198T.

Texas Air Contro] Board, Permit Exemption X-2672 Geothermal Heating
Facility, Marlin, Falls County, Letter, August 3, 1981

Texas Department of Health, Torbett-Hutchings-Smith Hospital #517,
Mar]In, Texas HFC AH80-0401-02T, Review, Letter, May 15, T987.

US DOE, Enviornmenta] AssesSment, Geotherma1 Direct Heat Project,
Marlin, Texas, DOE/EA-0117, August 1980.

US DOE, Environmental Assessment DOE/EA-0117, Geothermal Energy,
Direct Heat Applications Program, Torbett-Hutchings-Smith Memorial
Hospital, Marlin, Falls County, Texas (July 1980) and Findings of
No Significant Impact, Letter, August 8, 1980 ‘

US EPA/Region VI,. NPDES Determ1nat1on Permlt TX0086321 May 13,.1981.
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DIRECT UTILIZATION OF GEOTHERMAL ENERGY FOR PHILIP SCHOOL BUILDINGS AND DISTRICT
HEATING SYSTEM

Location: Philip, South Dakota

Principal Investigator: (Charles A. Maxon, Superintendent of Schools

Ptoject Team: Haakon School. District 27-1 ;
. Hengel Berg & Associates, Architects - Engineers j

Rapid City, South Dakota

ABSTRACT

The primary obJectlve was, to use Geothermal Energy to heat the Haakon School
District Buildings at Philip, South Dakota. Secondary use 1ncluded[ heat for a
district heating system for the City of Philip. The existing city well 2% miles
north of the city is free flowing and provides water at 154 F. A new well closer
to the school provides water -for the school and the district heating system. The

descrlption of the system and the status of the project follows.

MAJOR SUBCONTRACTORS AND SPECIALTY:

Francis-Meador-Gellhaus, inc.,
Consulting Engineers, .
Rapid City, South Dakota

Mintech, Inc.
Research and Testing
Rapid City, South Dakota

Northern Wyoming Drilling Company
EG&G Idaho & CH M Hill

Brady Engineering
Consulting Engineers
Spearfish, South Dakota

Wolff's Heatingn&%Piumbing
Commercial & Industrial Contractors
Spearfish, South Dakota

Ramstad Inc.
PROJECT DESCRIPTION
Resource -

..Well Depth:

" ‘Well Type: Open hole
Fluid Temperature at Wellhead:
Fluid Flowrate:
Note:
liter.

157 degrees F.
340 gpm (maximum) artesian

Sulfates in fluid contain Radium 226 at level of 105 pico curies per
EPA standards for drinking water:

Specifications for well drilling

¥

Water and Corrosion Testing

g
f
Drilled new well

r’a-

Reviewed plans and specifications

Plans and specifications for Barium
Chloride treatment plant

Construction of Geothermal Conver-—
sion and Boiler Replacement L
Haakon School Distrlct Buildlngs

Geothermal Distribution P1pe11ne

4,266 feet (Madison Formation)

S
}

i

5 pico curies per liter.
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SYSTEM FEATURES:

Application: Space, water agd district heating
Heatload (Design).: 5.5 x 10° BTU/hr
Yearly utilization (Maximum): 9.53 x 10° BTU/yr

Energy Replaced: Electricity - 122,989 kWwh @ $0.036/kWh = $ 4,428
Fuel 0il - 54,729 gals, @ $1.,132/gal = 61,953
Propane - 23,858 gals, @ $0.563/gal = 13,432

Facility Description: 5 school and 8 business district buildings

Disposal Method: Surface discharge to the Bad River after treatment to re-
move Radium 226,

Summary: The school heating project has stimulated the development of a
business district heating system, Philip Geothermal, Inc. In Addi-
tion, Little Scotchman Industries, the city water plant and county
maintenance building use geothermal fluids from other wells for
space heating, Figure 1.

‘Design

A single pipe line carries the geothermal fluid from the well head to the Armory
High School Building. This line continues to the Elementary School building and
a return line carries the fluid which passes through two plate type heat
exchangers in the Armory to the Elementary building. There the fluid used in its
' two heat exchangers is introduced into the line which then becomes the single
supply line to the District Heating System which ‘presently serves eight business
".buildings. Separate supply and return lines serve the District and Terminate
at the City Fire Station where controls maintain flow in response to outside air
‘temperature, A single “line carries the fluid to the treatment plant where the
sulfates which contain the Radium 226 are precipitated and allowed to settle in
one of the two cells of the holding pond from which the fluid then flows into
the North Fork of the Bad River.

The Armory High School ‘building had a single oil-fired steam boiler which heated
service water and prov1ded .steam for the space heating terminal units. This
boiler was replacéd by modular hot water boilers and the terminal units and pipe
were converted to use water. The geothermal - fluid extremely corrosive and
plate type heat exchangers transfer heat from the fluid to the service water
and the space’ heating systems of both the Armory and Elementary school buildings.

The project was divided into ‘two' bid packages. One included the piping from the
well head to the school, the distribution pipe line to the Heating District and

the discharge line to- ‘the’ treatment plant the barium chloride treatment plant

and the discharge line to the river. : : ' '

The other bid package included the geothermal conversion of the school buildings

heating systems and- the boiler replacement.

A two pipe supply and return system was designed and constructed through the
business district, with tees for-each business desiring to utilize tge geothermal
energy. Eight commercial buildings with a design load of 1.80 x 10° BTU/hr and
an annual load of 3.24 x 107 BTU have converted their heating systems to use the
geothermal fluid for space heating.
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Economics

Original estimate of project costs: _

P A

Iten - ; DOE School “ Total‘
Total Project Estimated Cost $ 936,199 § 269,605  $1,205,804

Current Costs:

Well = ' $ 169,365 § 47,770 $ 217,135
Géothermal Distributlon Pipe Line 340,614 . 96,071 436,685
"Geothermal Conversion 258,203 . 72,826 331,029
Reports, Conferences & Misc. 4,147 1,170 5,317
Engineering , . 58,146 16,400 24,546_
Total ' . 832,408 234,781 1,067,189

The bid for the Geothermal Distribution Pipe Line was $490,700 and was reduced
by négotiation to a contract amount of $436,685. The bid for the Geothermal
~ Convérsion was $346,500 and was reduced by negotiation to $331,029. The work
under both of these contracts is substantially complete except for adjustments
and balancing the flow of fluid through the system. :

The construction phase of the project was substantially completed November 17,

1980. Since that date the geothermal fluid has been used to heat all of the
- gchool buildings. In the district heating system, the entire space heating loads
of Ringer Refrigeration Appliance (60,000 Btuh at de31gn conditlons) and Philip
Motor Company (520,000 Btuh at design conditions) were provided by.the geothermal
fiuid as were the loads of Dorothy Brothers Garage (375,000 Btuh), hennedy
Implement (350,000 Btuh) and Hanson's Super Value grocery store (154, 500 Btuh)
for several months of the heating season. .

LESSONS LEARNED:

Conduct more extensive tests of the results of the barium chloride’ precipitation
process before installing such a process in the system. This could possibly have
eliminated the sulfate deposits in the pipe downstream from the point of intro-
ducing the barium chloride into the system.

Provide BTU meters or continuous temperature and flow recorders in order to
aecurately measure the quantity of heat used by each sub-system.

Explore other methods of removing the sulfates ' which contain the Radium 226.
These include: 1, Delay the reaction whlch occurs when the barium chloride is
. introduced into geothermal fluid until the fluid passes the staticimixer. .2. Try
. mixing the barium chloride by using two ninety degree elbows in a disposable pipe
line in lieu of the static mixer. 3. Try introducing the barium chloride into
the fluid in an open well set in the settling pond. 4. Change the electro-mag-
netic potential between the fluid and the pipe.

: _ Lo
Provide convenient method of removing all valves downstream from the barium

chloride treatment.plant to facilitate removal of sulfate dep031tsywh1ch prevent
. operation of some valves.
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PHILIP SCHOOL PON REPORTS

(Cooperative Agreement No. DE-FCO07-78ET27080)
(Previously No. ET-78-F-07-1728)

Maxon, C. A., Direct Utilization of Geothermal Energy for Philip
Schools, Six Month Progress Report - July - December 1978.

Hengel, Berg & As$otiatés, Environmental Impact Assessment,
Geothermal Heating of Philip School Buildings for Haakon School
District No. 27-1, August 25, 1978.

Maxon, C. A., Direct - Utilization of Geothermal Enerqy for Philip
Schools, Three-Month Progress Report - January - March 1979,
Cooperative Agreement No. DE-FCO7-78ET27080, April 1979.

Ibid, April - June 1979, June 1979.

Ibid, July - September V979, October 1979.

Ibid, October - December 1979, January 1980.

Makon, C. A., Direct Utilization of Geothermal Energy for Philip

Schools, Three-Month Progress Report - January - March 1980,
April 1980. - o , 7

Ibid, November 1980v--January 1981, January 1981.
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ARMORY-HIGH SCHOOL BOILER ROOM

‘Instantaneous instrument readings.
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GRADE SCHOOL BOILER ROOM

Instantaneous instrument readings.
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WELL HOUSE

I

’ fn"sta?ntaned,us instru,men»'t' readings. - A _ : Month: i":eb'.‘ Year: 1981
STATION % |
oY | BOR [ leiw [ressipreseure. |out . | 1 lGaitens
- 2 ' 3:05 ' 240- |- 68> 54 | 52 ; 42,174,400
o3 | 6:20 | 220 | 75 | 62| | 62 al 42,377,900
3 3:15 330} 30 | 18 | . 12 1 j, 42,455,000
 4 6:30 - 320. | 35 | 22 18 R : 42,764,400
4 3:30 | 36330 | 32 | 18| 12 N ] 42,925,800
' 5 | 6:25 | 10 [ 330 | 30 | 18 | 12 - s {43,220,9oov
5} 3:20 fras | 320 30 18| | 12 | | . t43,,388,200’
"6 [ 6:15 | 12 | 330 | 30 | 20 | 14 o ”43,686,6Q0
6 1 3:30 f 36 |.330 | 30 | 20 |- 1 | N 143,859,000
9 l6:20 § 27320 ] 40 | 24 | 20 | _ ]j45,068,200
9. | 3:50 | 8 |33 | 30 | 20 18 | 45,297,600
"0 | 6:30 b-10]310 | 40 | 26 | 20 1 las, 523,000
10 | 3:50 § o [310 [ 40 | 26 20 | 145,692,800
12 6:30 | 12 1330 | 35 | 20 16 : 3 46,426,700
12 | 3:30 ] 1 {330 [ 32| 17 12 | | { 46,605,100
13 | 8:10 |32 | 330 |230 | 18 12 | | n 46,928,600
13 | 2:30 | 52 [ 150 | 98 | 2 2 | . Jla7,014,400
16 6:20 | 30 | 340 | 40 | 18 12 | . y 48,057,900
16 | 3:20. || 68 | 150 [ 100 6 | 5 : s 183.400
17 6:25 | 35 |330 | 25 § 20 | | 16 | - llas, 439,700
18 | 6:30 § 34 {330 | 30 | 18] 10 | 48,860,700
18 | 4:00 |- 58 | 150 j100 | 5 5 . : 48,975,000
19 | 6:30 35 |330 | 30 | 18 | 10 ' 1. llag;256,500
19 3:30 j 66 |150 | 100 | 6 | . 4 a9, 351,900 !
i “
]
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REPORT OF ION EXCHANGE EXPERIMENT FOR REMOVAL OF SULFATES CONTAINING RADIUM 226

Start of Experiment: August, 11, 1981, 9:18 P.M.
End of experiment: August 13, 1981, 9:47 P.M.
Length of time of experiment: 60 hours 27 minutes

Column: 4" I.D. PVC Pipe
Cross Sectional Area: .393 ft2
Exchange Media: Barium Sulfate

SAMPLE RADIUM 226 Z OF RADIUM 226 ACCUMULATIVE VOLUME CROSS SECTIONAL

NQ (pico curries REMOVED THROUGH COLUMN WHEN FLOR RATE
per liter) SAMPLE TAKEN (gals) (gpm per sq.ft.)
1.(Ref. 119 * 2 ‘ 0 0 : 0
Sample)

2. .02 T 0.06 99.9 100 6.16
3. 3.7 Y 0.3 97.14 500 19.1
4. 10.7 T o0.05 91.6 1015 14.3
5. 330 Y19 72.4 2000 13.3
6. 26.1 1.9 81.9 2476 12.4
7. 3.4 T 73.9 2912 11.4
8. 41.7 fa.3 67.6 | 3500 10.3
9. 37.8 ¥ 1.2 73.7 4000 10.3

SUMMARY OF RESULTS:

Initially the barium sulfate ion exchange system was very effective 1in the
removal of the Radium 226, reducing the content from 119 to less than 0.02
pico curies per liter. The EPA allowable with allowance for background is
ten (10) pico curies per liter. However, the reaction degraded to background
level after approximately 1,200 gallons of fluid had passed through the
system. However, the annual cost of the barium sulfate is estimated at
$118,000 which prohibits further consideration of this system at this time.
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Table 1

ALFA-LAVAL Plate Heat Exchanger for Space Heating
Haakon School District 27-1, Armory - High School

Duty Requirements
Fluid Flowing
Mass Flow Rate

' Flow Typef

Inlet Temperétugé
“ Qutlet Temperature

Physical Properties
Specific Heat
Specific Gravity

" Thermal Conductivity

_Viscosity
Viscosity Wall

Performance Data

. Heat Transferred |
"LMID e
Effective Area Reqd
'Heat Transfer Units

- Press. Drop Allowed

. Press. Drop Actual

Lb/Hr
Us GPM

Deg F
Deg F

BTU/LB-F

BTU/FT-HR-F
CST
CST

BTU/HR
Deg F
Sq. Ft.
Reqd/Act
PSI

PSI

5% EXTRA SURFACE INCLUDED

Plate Data Per Unit
Pass Arrangement
Plate Material
Gasket Material

Construction Data

 Design Pressure
Test Pressure
Gasket Design Temp..
Cover Material
Bolting Material

" Carrying Bar Mtrl.

Nozzle Material
Nominal Nozzle Diam.

PSI
PSI ™
DEG F

IN

Side 1

ASME Code Construction Section VIII Div. 1.1977

Dimensions (Nominal)
Total Area of heating
surface
Overall length
Overall width
Overall height

square feet
inches
inches
inches
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Side 2
Geothermal Treated
Fluid - Water
75000.0 75000.0 -
152.8 152.2
Counter Current '
155.0 116.0
131.0 140.0
0.997 0.997
0.981 0.985
0.378 = 0.373
0.462 0.525
0.486 0.496
1794224,
15.0
108.5
1.60/ 1.60 1.60/ 1.60
10.0 . ~10.0
5.0 4.8
1 1
AISI 316/0.6
Nitrile Nitrile
150.
225.
240.
SA 515-70
Carbon Steel
Stainless Steel
Cs Cs
2.0 2.0
119.6
46
14.5
35.75




Table 2

ALFA-LAVAL Plate Heat Exchanger for Space Heating
Haakon School District 27-1, Elementary School

Duty Requirements
Fluid Flowing

Mass Flow Rate Lb/Hr
US GPM

Flow Type

Inlet Temperature DEG F

Outlet Temperature DEG F
Physical Properties

Specific Heat BTU/LB-F

Specific Gravity

Thermal Conductivity BTU/FT-HR-F

Viscosity CST

Viscosity Wall CST
Performance Data

Heat Transferred BTU/HR

LMTD DEG F

Effective Area Reqd Sq. Ft.

Heat Transfer Units Reqd/Act 1.

Press. Drop Allowed PSI

Press. Drop Actual PSI

5% EXTRA SURFACE INCLUDED

Plate Data Per Unit
Pass Arrangement
Plate Material AISI
Gasket Material

Construction Data

Design Pressure PSI

Test Pressure - PSI

Gasket Design Temp. DEG. F )

Cover Material _ : S
Bolting Material o .., Carb
Carrying Bar Material ' e ‘Stainle

Nozzle Material : ,
Nominal Nozzle Diam. _ ; -, IN.
ASME Code Construction Section VIII Div. l 1977

Dimensions (Nominal) RE e
Total Area of Heating. ' o

surface . . | . _square feet
Overall length inches -
Overall width inches
Overall height inches

157

Side 1 Side 2
Geothermal
Fluid Water
50000.0 50000.0
101.9 101.5
Counter Current
155.0 116.0
131.0 140.0
0.997 0.997
0.981 0.985
0.378 0.373
0.462 0.525
0.486 0.496
1196149.
15.0
73.6
60/ 1.60 1.60/ 1.60
5.0 5.0
4.4 4.4
1 1
316/0.6 v
Nitrile Nitrile
150.
225,
240,
A 515-70
on Steel
ss Steel
Ccs CS
2.0 2.0
80.6
34
14,5
35.75




WELL

SCHOOL HEATING
LOADS

9 BUSINESS HEATING
LOADS
DISCHARGE
LINE ‘
. WASTE
LINE
¢ DISCHARGE. TEMPERATURE
T CONTROL
et —t——— ﬁ: +——f—+———— RAILROAD TRACK

BAD RIVER

B — m——
" gr—— A—— o—— w——— o evies  Sesme
- —
. o

Figure 1. Simplified'Phi1ip'Schematic.
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PROJECT TITLE

Direct Utilization of Geothermal Energy in

Western South Dakota Agribusiness

(Diamond Ring Ranch Geothermal Demonstration
Project)

PRINCIPLE INVESTIGATOR

Dr. S. M. Howard - (605) 394-2341

Professor of Metallurgical Engineering
South Dakota School of Mines and Technology
Rapid City, South Dakota 57701

PROJECT TEAM

South Dakota School of Mines and Technology
Rapid City, South Dakota

Stanley M. Howard

Dan D. Carda

RE/SPEC, Inc. (Design)
Rapid City, South Dakota
‘ Thomas Zeller
Bill Grams

Diamond Ring Ranch (Site Owner)

Midland, South Dakota
Gene Armstrong

PROJECT OBJECTIVE

The objective»was’tb'utiTize an existing geotherma] well to

1) produce hot air for gra1n dry1ng in a convent1ona1 grain dryer
and

2) . produce hot air for space heat1ng four homes, a shop, and a
hospital. barn

RESOURCE,DATA;f . |

Well Depth: 41]2 ft (]253 m)

Date Complete: '1959" °

Completion Technique: Open hole
Wellhead Témperature: 152°F (67°C)
Flowrate: 170 gpm (10.7 2/s) artesian
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Summary:

The Madison Aquifer extends under the western half of- -
South Dakota and into the bordering states of Wyoming,
Montana, and North Dakota Most Mad1son wells 1n South

_Dakota are natura]]y flowing with temperatures varylng

from 110°F (43°C) to 170°F (77°C). Figure 1 shows the
Madison's extent and temperatures in South Dakota.

SYSTEM FEATURES

Application: Space héét%h@"and:grain drying

Heatload (Design): 3.35 x 10° Btu/hr (.98 MW)

Yearly Utilization (Maximum): 7.87 x 10° Btu/yr (.26 MW-Yr)

Energy Replaced: E]ectr1c1ty - 185,288 kWh/yr

Propane - 49,415 gal./yr

Facility Description: 6 bldgs. and a 700 bu/hr grain dryer use geo-

Summary:

thermal. water with d1sposa1 to stock watering pond.

Two stainless steel p]ate-type heat exchangers are used

to heat recirculating water. One of these excha?gers is
located at a 700 bushel/hr grain dryer and one in the
shop. The exchanger at the grain dryer supplies'a hot,
inhibited propylene glycol-water mixture to a water-to-air
exchanger through which the grain dryer fan pulls hot, dry
air. Unlike conventional combustion grain dryere, the

,m01sture content of the air is not 1ncreased as a

consequence of heat1ng

The exchahger'in the shop is used to heat water recirculating
in two conventional hydronic loops supp]ying water—to-air
exchangers. One loop feeds the two mobile homes and the
hospital barn. The second loop feeds the shop,tewner's :
home, and the employee's home. Temperature sensors at each
end-use exchanger can start the recirculating pump in the
shop to maintain hot water-in each line. This réduces the
response time when:the space thermostat calls fok heating.
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Inhibited ethylene glycol will be added to the space
heating loops upon completion of a successful pressure

check.

Figure 2 is a schematic of the system 1ayout. BTU
meters have been installed at the mobile homes, shop,
employee's home, owner's home, and hospital barn.
The system layout is shown in Figure 3.

STATUS

The grain drying system is operable and provides hot air for grain
drying as‘designed.

The space heating Toop operated normally during the 1979-80 winter
and until February of the 1980-81 winter at which time a power failure
caused freezing in the normally recirculating water lines causing the
rupture of two water-to-air exchangers. The repaired exchangers will
be reinstalled in September 1981.

The BTU meters for monitoring are all installed and the system will
be charged with antifreeze this September to protect against power
failure and other hazards which otherwise could cause freezing of the
working fluid.

CURRENT ESTIMATED PROJECT COST

Total: $403,098
DOE Share: $250,725 Participant Share: $152,373
62% 38%

LESSONS LEARNED

1. The 4,000-ft. long pipeline carrying geothermal water to the
isolation heat exchangers has three high spots along its length
which could have been avoided only at greatly increased pipeline
expense. A degasser at the wellhead proved insufficient to prevent
gas pockets from forming in the line's high spots. This problem
was eventually overcome by installing PVC air vent valves at the
first two of the high spots.
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The space heating system is comprised of a plate-type isolation
ﬁ‘heatfekchangef‘USed to}heat recircu]ating'water to six structures:
four homes, a hospita]‘Barn, and a shop building. These structures
are supplied by two loops with the return water mixing as it
re-enters the isolation exchanger. The problem of freezing arises
in the event of a power failure. Freezing is most 1ikely in the
barn and shop since these structures have Tow thermal mass unlike
the homes. To prevent freezing, the recirculating system will

be charged with antifreeze. The cost of the antifreeze would

have been substantially reduced by use of smaller recirculating o
Tines (2 inch rather than 3 inch) and by dividing the isolation
exchange into two units so as to put the structures subject to
freezing all on one loop. It should be noted that this would have
"“increased the capital cost but lowered operating cost assuming the
antifreeze is Tost several times during the system's life.

i

A1l systems using recirculating water subjected to freezing
temperatures should be protected with antifreeze. One should
not re1y on auxi]iary power or trained personnel to drain
threatened equipment. This is particularly true for projects in
remote locations such as the Diamond Ring Ranch. b

Dividing the exchangers as described above would also have allowed
subjugating the heating demands of the barn and shop to the other
space heating demands. This would be a distinct advantage since
‘the ambient temperatures of those structures are lower.
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DIAMOND RING RANCH PON REPORTS

(Cooperative Agreement No. DE-FC07-78ET27158)

Howard, Dr. Stanley M., Environmental Report, Demonstration Project
for Non-Electric Applications of Geothermal Energy, Contract No.
ET-78-F-07-1729, August 10, 1978.

Howard, Dr. Stanley M., Direct Utilization of Geothermal Energy in
Western South Dakota Agribusiness, First Quarterly Report, June 30,
7978 - September 30, 1978, Contract No. ET-78-F-07-1729, (October 1978).

Ibid, Second Quarterly Report, October 1, 1978 - December 31, 1978,
(January 1979).

Ibid, Third Quarterly Report, January 1, 1979 - March 31, 1979,
(April 1979).

Ibid, Fourth Quarterly Report, April 1, 1979 - June 30, 1979,
(July 1979).

Ibid, Fifth Quarterly Report, July 1, 1979 - September 30, 1979,
(October 1979).

Was previously DE-FCO7-78ET28419.
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Figure 1. Isothermal Map of the Madison Aquifer in South Dakota
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PROJECT TITLE: Project of Raising Prawns with Geothermal Water in the
' Cochella Valley, California.

PRINCIPAL INVESTIGATOR: Dr. Dov Grajcer, Aquafarms International Inc. (AII)

PROJECT TEAM: Rick Visoria, DOE, Oakland
Ken Zahora, DOE, Oakland
Dr. Dov Grajcer, President, AII
Rebecca Broughton, Deputy Project Director

AIl's Technical Staff: Vincent Price
- +Rodney Chamberlain
Mary Price
Dennis Fulks
Stanley Fulks

Dr. Tsvi Meidav, Geothermal Consultant, Meidav Assob.
Kreiger Inc., Accounting, Palm Desert

PROJECT DESCRIPTION:

Aquafarms International, Inc., a small California corporation, has
developed a 50 acre prawn farm on its property in the Dos Palmas area, on
the east side of the Cochella Valley. By utilizing .geothermally heated
water, AII intends a continuous, year round prawn farming operation.

The specie of prawns being grown is Macrobrachium rosenbergii. Figure 1
shows the layout of the ponds.

LOCATION DESCRIPTION:

AII's headquarters is located off of California State Highway 111, near
North Shore (mailing address: P.0. Box 157, Mecca, CA 92254). DNOE project
site: Dos Palmas area, Cochella Valley, CA. ’ ‘

RESOURCE DATA:

WELL A-T1*:

The well was drilled to 910 feet during January 1980. It was completed
with 1-inch diameter casing since it was specifically constructed as a thermal
gradient hole. Geophysical-:logging was conducted including: S.P., resis-
tivity and gamma-ray. : Thermal gradient measurements were also made. The
thermal gradient actually measured was more than twice the mean global thermal
gradient, i.e., over 75°C/km (4.1°F/100 ft). This indicated that a favorable
thermal gradient for direct heat uses extends all the way to the north end of
the property. On the other hand, the pieziometric surface at the north end
is about 11 feet below the ground-surface. .Pumping is, therefore required.
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WELL A-2:

This well was drilled to 100 feet during February 1980. Attempts
to control the artesian flow with a high-density barite-rich drilling
fluid failed because of inadequate pumping capacity. To prevent a potential
collapse of the hole, it was decided to develop it as an agr1cu1tura1 well,
rather than a geothermal well. A 15hp centrifugal pump. has been installed
at this location. The water temperatue for this well is 82°F.

WELL F-1:

This well was drilled to a depth of 325 feet during June 1980. The
well was completed with a double casing to two depths, as two distinct
water temperatures were available at two separate depths. The greater
flow, located at the shallower depth, was 79°F. The deeper portion has
been fitted with a 7.5hp centrifugal pump, in order to utilize the 92°F water
during cold climatic conditions to maintain the critical life temperatures
for the prawns. The advantage of this well is that the cooler water can be
used year round; undiluted during normal periods and as diluent water for
moderating the temperature of the high temperature section when necessary.

WELL F 2:

Th1s well was comp]eted to 180 feet dur1ng July.1980. Water from this
well (83°F).can be pumped ‘through a series of pipes to ponds:constructed
during the project period. -This well was drilled, cased, cemented and
redrilled through the :cement cap; allowing maximum control of the artesian
flow. Its water chemistry nearly duplicates that of Well A-2. Water from
this well is currently being utilized to support an actively growing prawn

population.
WELL F 3: o ‘ : _ o

Th1s we11 was dr111ed to a depth ‘of 800 feet during July 1980. The
best geothermal potential exists at this site, wellhead temperature was
107°F. Well cave-in occurred and attempts to redevelop the well did not
succeed. The site is being held for future consideration.

WELL F-4:

This well was drilled to 125 feet during February 1981. ‘Water tempera-
ture was 86°F. Water from this well is currently being used to, maintain
grow-out ponds located on the southeast portion of the site.
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WELL TF:

This well was originally initiated as A-1 in January of 1980.
However, due to squeeze clay effects and partial hole collapse, drilling
was halted, and a new A-1 site was chosen (A-1*). Because of informa-
tion gathered previously, the site was redeveloped as an agricultural
well. It has been cased to 100 feet and a submersible pump installed.

SYSTEM FEATURES:

APPLICATION: The water is being used directly to supply ponds
for the prawn grow-out facility.

YEARLY UTILIZATION: The geothermal fluid will be used throughout

ENERGY REPLACED:

the year as the desert is subject to extreme
temperatures as well as extreme temperature
fluctuations. This use of the geothermal
fluid will enable these temperatures to be
mitigated.

If fossil fuels were to be used to heat irriga-
tion water, a total of 170 billion Btu/Yr would
be requied per year for a 50 acre farm. As the
pond heating is to be 100% geothermal, that
amounts to approximately 3(Q,360 barrels heating
fuel/yr (heat value 5.6x10° Btu/bbl) replaced.

FACILITY DESCRIPTION: The prawn grow-out facility is located on

approximately 250 acres of land. The northern
part of this area has been developed into 50

acres of ponds. Seven wells have been completed

during this contract, two of which are double
cased. However, three additional wells exist
which predate the contract. The water from

these wells is distributed via a piping system
to the prawn ponds. Where appropriate, ponds
include valved delivery systems and drop box
drainage systems. Pond banks act as both
impoundment features and roadways. Electricity

3,’is;avai1ab1e to all pumping sites. A drive

~ through, low maintenance feed storage facility

was~constructed.~'0thér equipment necessary for
daily operations includes: pond maintenance
equipment, portable feed containers, harvest

"”nets‘(SeveraT types), aerated transfer/transport

systems and water quality monitoring equipment.
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DISPOSAL METHOD: When AII's water resources reach a point that a
. disposal procedure must be adopted, several
technigues can be employed. Much water is lost
to evaporation and some is percolated through the
pond substrate. Surplus water could be impounded
and recycled. o o

'
[

SUMMARY: With the direct use of geothermal water it seems to be
poss1b1e to develop an economically sound 50 acre prawn‘
farm in the Cochella Valley, Nos Palmas area. At today's
prices this project is not feasible if fossil fuel were used
because the gross product income is less than the cost of
the fossil fuel.

STATUS :

A substantial schedule slippage was caused early in the contract by
a very slow reaction to and often ambiguous requirement of various environ-
ment related agencies. Therefore, in order for a cost overrun not to be
incurred, AII, with cooperation and advice from the DOE, chose a time
extension at no additional cost. Through efficient management and a highly
qualified total capability team, we have been able to comp]ete some tasks
under budget. The reserved funds were channeled into tasks in which
inflation made .the largest inroads. An extension to August 15 enabled us
to complete fac111ty development. The final handbook/report is being
drafted.

CURRENT ESfIMATED PROJECT COST:

Total: $575,266

DOE Share: $363,000 (63%)
Participant Share: $212,266 (37%)
" LESSONS LEARNED:

1. Projects that are some distance from an agricultural or industrial
center should plan, from the beginning, to include within their
res1dent team persons capable of construction and maintenance.
This assures satisfactory job performance, adherence to schedule,
good response to project needs and helps minimize project costs.

2. Drilling and completing relatively shallow artesian geothermal wells

: was a problem for local water well drillers. This problem was
resolved by setting and firmly cementing a 20 inch dia conductor
casing from surface to 50 ft depth. Local water well drillers needed
to be educated on conductor casing use.
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Heat transfer losses were large and temperature was somewhat difficult
to control with the original pond design (100 ft wide by 5 ft deep and
varying lengths from 300 to 800 ft). The surface area of new ponds
has been cut in half (50 ft wide by 10 ft deep and similar lengths).
Performance of the new ponds will be evaluated during the 1981-82

winter.

AQUAFARMS PON REPORTS

Broughton, R., Demonstration Project of Raising Prawns with Geothermal
Water in the Coachella Valley, California. In, Program Summary, Geo-
thermal Direct Heat Applications Program, Semi-Annual Review Meeting,
Las Vegas, Nevada, November 20-21, 1980.

Broughton, R., Project of Raising Prawns with Geothermal Water in the
Coachella Valley, California. In, Program Summary, Geothermal Direct
Heat Applications Program, Semi-Annual Review Meeting, Boise, Idaho,
September 24-25, 1981.

Aquafarms International, Inc., A Proposal to Support Demonstration of
Raising Prawns with Geothermal Water in the Coachella Valley, California.
Vol. I Summary Data/Technical Proposal, July 16, 1978.

Vol. IJ Business Proposal/Cost Proposal, July 16, 1978.

Aquafarms International, Inc., Environmental Assessment Report - Demon-
stration Project of Raising Prawns with Geothermal Water in the Coachella
Valley, California. DOE Contract No. DE-AC03-79ET 27047, October 1979.

Aquafarms International, Inc., Geothermal Resource Assessment Report -
Demonstration Project: Raising Prawns with Geothermal Water in the
Coachella Valley. DOE Contract No. DE-ACO3-79ET 27047, November 1979.

Aquafarms International,. Inc., Development Planning Demonstration Pro-
Jject: Raising Prawns with Geothermal Water in the Coachella Valley,
(No Date). DOE Contract No. DE-AC03-79ET 27047.
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Geothermal Direct Heat Application
St. Mary’s Hospital

Pierre, South Dakota

Principal Investigator
James Russell, Administrator
Dale Moss,'Director of Support Services
(605) 224-3100

Project Team
Kirkham, Michael and Associates, Engineers
Sherwin Artus, Reservoir Consultant

Dr. J.P. Gries, Geologist
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PROJECT DESCRIPTION.

Resource

This project is locateéd in central South Dakota within
the City of Pierre. The Hospital served by the Geo-
thermal well is located on the socuth side of Pierre
approximately 1,000 feet north of the Missouri River
which flows around the south edge of the City. The
Geothermal energy will be utilized in an 83,000 sq. ft.
existing hospital and also in a 65,000 sq. ft. hospita
addition which is presently under construction. :
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St. Marys Hospital  Pierre, Sédth Dakota

The well is located on hospital property in a vacant
lot across the street east from the hospital. The well
is drilled to'a depth of 2,174 feet into the Madison
aquifer. o ' o ‘

The temperature of the water out of the well is 106° F.
The well flow is artesian and flows at a rate of 375
gallons per minute with a residual pressure of 27 psig
at the well head. The pressure at the well head with
zero flow obtains a maximum of 480 psig.
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The well water discharged from the heat exchangers is
directed through a 6 in. poly vinyl chloride pipe
approximately 1,100 ft. south to the Missouri River.

The water will be dispersed through 40 ft. of perforated
pipe which extends from a distance of 150 ft. to 190 ft.

into the river.

The heat exchangers are in accordance with the following
design conditions:

Flow Ent Leav
No. Function Fluid gpm or op
1. Building Heat Geothermal = 350 105 80
Closed Loop
Beating Water = 350 75 100
2. Preheat Domestic Geothermal = 350 80 75
hot water utili- Domestic Water= 76 55 78
zing thermal dis-
charge from Ex-
changer #1
3. Preheat Dom HW Geothermal = 97 105 70
(boost from $#2 and Domestic Water=m 76 55 100

full preheat when
#1 is unloaded)

A corrosion and water gquality report indicated that
Type 316 stainless steel be the material used for the
thin wall plate fin type heat exchangers.

Underground Distribution

The underground closed loop heating water supply and
return and the preheated domestic hot water piping from
the exchanger building to the hospital facilities is

a preinsulated piping system. This piping system
consists of a filament wound fiberglas carrier pipe
surrounded by 1%" thick poly urethane insulation and
jacketed with a poly vinyl chloride pipe. The cal-
culated heat loss in the approximate 450 ft. of under-
ground supply line indicates -an average temperature

drop in the lQOQ-?f'supply-water‘cf less than % F.

End Use of Heat in Existing Hospital

The 100° F. preheated domestic hot water is connected
to the supply to the existing water heater and the
existing hospital steam system provides further heating
as required. - ) ‘

The closed loop heating water serves two existing
systems: T S

1. Heating of building makeup air for ventilation.

2. Space heating in existing room fan coil units.
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‘The water from the well has a total dissolved solids of
2,084 ppm and a hydrogen sulfide content of 0.7 ppm.
Complete water analysis as follows:

”'TABLE I: WATER'ANALYSIS FOR ST. MARY'S WELL

Species 2pM Species b $oecias oM
(TpS) * 2084 ca 402 25 0.3
sed;' V 124 ‘Mg 36 Zn 0.02
cl 75 Te 0.3 ca .05
so, 1445 Mn 0.25 aq 0.008
510, 27 B 1.83 8§~ 9.7
Na 50 Cu 0.1 0 1.0
K 21 AG 0.25

*Total Dissuvived Solids
pH = 6.80
T = 106%7

Design ,

The heat is extracted from the Geothermal water by
three heat exchangers located inside a small building

at the well site.

The heat used from Heat Exchanger #1 is by a closed
loop system Slrculated by a centrifugal pump which
dellvers 100 F. to the building heating systems

The domestic water, which is preheated by Heat
Exchangers 1 and 2, is stored in an insulated 4,000
gallon tank located within the heat exchanger bulldlng
and made available for use upcn demand. :

/'-O«-t Sxshonger »1

T Z Heating Water Suantly 100°F,

E Cire. Puaare
(380 9.r.8.)
Water Retwrn 78°F.

. [ﬂoat Uxshanger »3

frensnied
4000 Qatles Te 1009,
M. W. Btorsge

L Mest Exanneger +3

ge To River ) i
Approx. 78°F, te 80°F. Gre. Pumn
78 a.p.m.

270 G.P.N. Pesk Flow

WELL HOUSE AND EXCHANGER BUILDING SCHEMATIC |
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EXISTING HOSPITAL DIRECT HEAT APPLICATIONS

The existing makeup air handling of 1.5, 650 cfm capa-
c1ty is located in a penthouse above the hospital.

A s3ix row chilled water COll existing in this unit will
be supplied with the 100° F. water from the closed loop.
Under a peak heating condition of heating this 15,650
cfm air from -30° F. to 68° F., 90 GPM of 100 water
entering the coil would leave the coil at 63.2° F.

The present heating system in the existing hospital is
basically steam perimeter radiation. A fan coil system
has been added to provide air condltJoglng. Chllled
water at the average temperature of 50 F. is circu-
lated in the summer to provide approxlmately 57 t8 59°
supply air off the coils.  In the winter time, 100 oF.
water will be provided to these coils to produce 90~ F.
heated air which is adequate to heat the spaceg served
during outside temperatures of approximately 2

and above.

New Building Addition’Application

155 gpm of 100° F. water from Heat Exchanger #1, re-
presentlng 2,000,000 BTUH, will be available for use
in the new hospltal ‘addition that is presently under
construction. The new heating system is designed to
utilize the Geothermal heat source,
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NEW BUILDING HEATING SYSTEM SCHEMATIC

The Geothermal energy is utilized directly in the hot
deck coil of the main building air handling units. As
the outside temperature drops and the demand for heat
increases, further energy is extracted from the Geo-o
thermal by directing a portion of the approximate 80~ F.
return water from the hot deck into the chiller. Heat
is then taken from the congenser or hot side of the
chiller in the form of 120~ F warm water for use in
individual space heating coils. This c8ndenser water

is also utilized to add heat to the 100~ F. preheated
domestic hot water to raise it to a final use temperature
of 110° F.

Instrumentation

Meters and recording equipment are being furnished to
provide visual indication and seven day recording chart
for the following:

1. Well head pressure (500 psig max. to 10 psig min.).
2. Well supply temperature 106° F £10° F.

3. Welé discharge after heat exchangers (60° F to
106 F). :

4. Well flow rate (0-400 gpm range).
5. .Closed loop heating water supply temperature.
BTU‘computer to indicate BTU rate and BTU totalizer

for both the total Geothermal flow and for the closed
loop heating water system.
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By subtracting the BTU's used in the closed loop from
the total used, the amount utilized for domestic hot
water heat is obtained.

System Economics

The projected month by month Geothermal energy utili-
zation for the building heating system's calculation
are plotted on the following graph.

20~
1 |
‘.- ' | ~Total a8 Syeteme
R—
” . '
- PROJECTED TOTAL
) ANNUAL GEOTHERMAL ENERGY
. . = 11,438 x 10° 8TY
- Equiv. to 115,000 gal #2 Fuel oil
13
12-
1
10-
.- New Adaition
, ] -_[.*M
.- a— <
__—L___i Eatet. Hoepital
. . Make—wp Ak Hoat
.-
Lxiat, Hosontel
a Pon Cot Heat
. __/__[
' 7 === N —oemesti ot
. - Water Promeet
% sam s ' Mam ' apm ' Wav. " Juwe ' LY ' Aua ' sePT ' ocT ' wov ' osc

~ Geothermal Energy Utilized

Fuel o0il is the present source of heat energy for
St. Mary's Hospital. Energy from the Geothermal
source is expected to reduce the hospital's future
demand for fuel oil by 115,000 gallons per year.

Based on’'a simple payback formula of initial cost

divided by annual cost savings, the project economics
are as follows:
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II.

($709,250 Annual Fuel Saving - $30.830 Oper.3 Mamt. Cost)

ECONOMIC DATA

*TOTAL PROJECT COST ........ etreseenciens oseancsne stencrancenes crcansonne : S§718,000

115,000 Gal
X.95/Gal. .
TOTAL : §109,250 . P

o ANNUAL OPERATION & MAINTENANCE COSTS

o ANNUAL FUEL QL SAVINGS .....cccceuermeeraennne .

Added Pumping Energy Cost ...c.ccccevenrnceeas : $840 o

Annual Maintenance Cost ......cccccevereirecionne o 10,000 : v

Operational Cost .......... coransne cetesavesrosarssms : 20,000 C
TOTAL : $30,840

¢ OVERALL PROJECT SIMPLE PAYBACK
$718,000 Total Cost . 9.15 YEARS

o PAYBACK TO OWNER —3718.000 X .25 . 2.3 YEARS

@ 25% SHARE OF TOTAL COST $109,250 - $30,840 )

The flow demand on the well will vary in direct rela-
tion to the system demand for energy from a peak
requirement of approximately 360 gpm during the
coldest winter month to approximately 96 gpm during
‘the summer for domestic hot water preheating. The
calculated total annual well water consumption is
51.1 million gallons.

STATUS

' Thé'well was completed in April of 1979. The original

flow rate was. approximately 250 gpm. After further
perforations of the well casing and by pumping 8,000
gallons of 20 percent HCL solution into the well, the
flow rate was increased to the present level of 375

gpm.

The construction work for the application of the Geothermal
resource to the existing hospital and the new addition was
completed September, 1980. The systems were put into opera-
tion in mid October of 1980. System performance when put into
operation exceeded  the anticipated capability as follows:

i
i

Ahticipated » : : Actual |
Well Supply Temp. = 106°F 108°F

Closed Loup Supply Temp. = 100°F 104° to 105°F
Domestic Hot Water Supply = 100°F ~ 106°F
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ITI.

The system has been in operation apprcximately one year.
The first year fuel o0il savings equalled 60,000 gallons.
The system was out of service for a period of time due
to malfunctioning of the pressure reducing valve on the
geothermal supply water.

LESSONS LEARNED

1.

10.

11.

An economic space-heating system with good payback can be obtained
with only a 106°F geothermal resource.

The flat plate and frame heat exchangers have worked very well and
the project's A/E firm uses them more often now than previously.

The preinsulated reinforced fiberg1éss pipe (PVC cover over eurethane
insulation) performed satisfactorily in this application.

The Madison Aquifer in this region, apparently will not produce more
than 400 gpm even after stimulation of the well by acidizing, and
therefore, the well and system designs should be scaled to this

flow limit per well.

The design of the well should permit later protection of the 1nter1or
surfaces of the casing from corrosion.

The design and the materials used for piping and other components
should be selected to minimize corrosion due to exposure to the
geothermal water. Material coupon tests should be performed in the
specific geothermal fluid which will be used.

When discharging fluid into a river from a perforated pipe along the
bottom of the river, do not shut off the discharge for more than two
days at a time. Silting over of the pipe may force mechanical removal
before discharge can be restarted.

Find out about, and make allowances for, permitting requirements as
early in your progect p1ann1ng as poss1b1e

Provide a cont1ngency 1n any dr1111ng budget since it is. unlikely
drilling will go accord1ng to p1an except within a well established

drilling field.

‘Exercise care to assure proper-insta]]ation of flow control and

pressure balance devices when using multiple water feed systems.
Be sure to determine if purchased pressure regulators were "factory

set" to your specified pressure or just "factory tested" to determine
that they worked at.a random set point when assembled.
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ST. MARY'S HOSPITAL PON REPORTS

. (Cooperative Agreement No. DE-FCO7-79ET28441)
‘{Previously No. ET-78~F-07-1731)

1

Aesco, Inc., Environmental Report, St. Mary's Hospital Geothermal
Project, (Cooperative Agreement No. DE-FC07-79ET28447, formerly
No. ET-78-F-07-1731), July 1978.

. Kiﬁkhémg‘Michéel énd‘AssoC1ates, Hydrothermal Retrofit Prégram,

St. Mary's Hospital, Pierre, South Dakota, First Quarterly Report
July 1, 1978 - QOctober 1, 1978, Contract No. ET-78-F-07-1731,
{October .1978). : : }

: |
Ibid,.Second Quarterly Report October 1, 1978 - January 1, 1979,
{January:1979) .- i

S : L o
Ibid, Third Quarterly Report January 1, 1979 - April 1, 1979,
(April 1979).

Ibid, Fourth Quarterly Report April 1, 1979 - July 1, 1979
(July T979).

Petroleum SupervisionsandfMahagement, Inc., Drilling Prqgnosis,
St. Mary's Hospital Hot Water Supply Well #1 Pierre, South Dakota,
(Cooperative Agreement No.. DE-FCO7-79ET28441), March 1979.

Howard, Dr. Stantey M. and Carda, Dr.-Dan D., Corrosion and Water
Chemistry Analysis for the St. Mary's -Geothermal Well at Pierre,
South Daketa, (Cooperative Agreement No. DE-FCO7-79ET28441), June 8,
1979. : o

Kirkham, Michael and Associates, Specifications and Contract Documents,
St. Mary's Hospital, Pierre, South Dakota, (Cooperative Agreement No.
DE-FCO7~79ET28441), August 1979. (Includes drawings, 14 sheets and
Addendum No. 1, September 27, 1979.
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PROJECT TITLE: Carrie Tingley Hospital (Not a PON prdject; cost shared
with the state)

PRINCIPAL INVESTIGATOR: -George Scudella, New Mexico Energy and Minerals
_ : Department

PROJECT TEAM: State of New Mexico, Energy and Minerals Department,

BDM Corporation, Arthur J. Mansure, Project Manager,
Coupland, Moran & Associates - Mechanical Design

PROJECT OBJECTIVE:

The objective of the project was to demonstrate the use of a low tempera-
ture resource by using an existing resource to preheat the hospital's
domestic hot water. :

LOCATION DESCRIPTION:

Carrie Tingley Hospital, Truth or Consequences, New Mexico.

RESQURCE DATA:

Existing well that also supplies therapeutic pools.
Depth: 212 ft.

Maximum Flow Rate: 90 gpm

Temperature: 105°F

SYSTEM FEATURES:

Geothermal water is pumped through the tube-side of a shell-and-tube heat
exchanger and discharged to the therapeutic pools at approximately 93°F,
Domestic water is circulated through the shell side of the heat exchanger
and back to a storage tank. On demand, 103°F water is extracted from the
storage tank and fed to the hospital's existing hot water boiler where it
is heated to 180°F. The Figure 1 shows the system schematically.

STATUS:

Monitoring and operation of the system began in October 1980. During

the nine month monitoring period, natural gas was displaced at the rate
of 0.69 MBtu/day. During this-peirod, the hospital was in the process of
being relocated in Albuquerque.. Thi$ resulted in a lTower demand for hot
water than the system was designed tp provide. The final report for the
project has been issued. ' :

PROJECT COST: |
Total: $101,227

LESSONS LEARNED:

1. Do not overlook potential problems from scaling and corrosion on
the domestic water side of the system. In this system, heat
exchanger scaling is more of a problem on the domestic side than on

the goethermal side.
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f

. Use insulating anions when connecting dissimiliar metals in a
- piping system handling high-conductivity: water. - .

Subcontractors were selected on the basis of . téchn1ca1 dua11f1ca-

standards The additional costs assoc1ated with travel’t1ﬁé and '
daily expenses for Albuquerque-based firms were more than off- set‘

by the h1gh ca11ber of workmansh1p “

.. - -CARRIE TINGLEY HOSPITAL REPORTS. ... ..

(Cooperative Agreement No. DE-FCO7-79ET27245)

The BDM Corporation, Carrie Tingley Geothermal Project, Final Report,
BDM/A-81-435-TR, July 31, 1981.
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PROJECT TITLE: Research and Development of Information on
. Geothermal Direct Heat Application Projects

PRINCIPAL INVESTIGATOR: Mr. William C. Stitt
' ' President, ICF Incorporated
(202) 862-1100

CONTRACTOR LOCATION: 1850 K Street, Northwest
B ' Washington, D.C. 20006

PROJECT OBJECTIVE: The objective of this study is to compile,

3 analyze, and make available necessary
investment-decision information for direct-use
geothermal projects using data from current
application projects. ' '

PROJECT SCHEDUtE: October 1980 through September 1983

PROJECT DESCRIPTION

The project consists of four major. tasks:

compilation of a data base,
evaluation and analysis,
identification of barriers,
technical reporting.

Task 1: Compilation of Data Base¥*

The data items will be project-specific and include project scope, project
status, project size, project costs, fuel displaced, geological review, well
construction, application, delivery system, disposal system, produced fluids,
environmental issues, leasing, legal and institutional.

Task 2: Evaluation and Analysis

A series of analyses will incorporate data collected in conjunction with
data base development. The issues addressed in these cross-cutting analyses
emphasize economic, financial, and institutional aspects of the project
experience.

- *Formal data base may be reduced or eliminated due to current funding
reduction, and inability to maintain in the future.
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Only those projects, w1th relevant experience are included in each analytic
exercise. For instance, the first analysis has empha51zed the cost experience
of several operational or advanced projects and the comparatlve economics of
geothermal versus conventional energy supplies (see project activities
section, below).

Task 3: Identification of Barriers

Where appropriate, ICF will analyze geothermal‘diréct heat ‘applications to
identify the technical, programmatic, economic, environmental, and
institutional barriers to widespread adoption of the ‘particular uses of
geothermal energy covered by the projects. Additionally, we will investigate
methods of alleviating, circumventing or removing thése barriers. One issue
receiving special attention is federal tax treatment of geothermal investments.

Task 4: Technical Reporting

ICF will prepare a series of topical reports geared toward assisting
potential investors and developers of geothermal direct heat applications.
The first of these reports was issued in June 1981 (see project activities
section). It addressed the economics of geothermal direct heat. Related
reports and professional papers will be prepared to communicate project
results to.a broad set of relevant audiences. An annual series of technical
progress reports will also be prepared. The first technical progress report
will be issued in October. )

PROJECT ACTIVITIES

At the November 1980 .semi-annual review meeting, a shift in this project's
emphasis began in response "to anticipated changes in fedéral geothermal energy
policy. This change de- emphas1zed the development of a comprehensive
computerized data base for direct heat application projects. Instead, the
study has focused on taklng maximum advantage of the information gained from
several applications projects that have advanced to operation or are close to
implementation.,. The project actlvit;esrare su@@arized by task.

e

. T ST B T S P RS ) S
Task 1: Compilation of Data Base *
Activity concerned With'compllatlon'of a data base on geothermal direct
heat applications. has 1nc1uded two major elements First, ICF has sought to
identify. the. types of 1nformat10n of greatest 1mportance to potent1a1

investors and developers _ Second ICF. has also collected selected data from a
limited number of. appllcatlon prOJects.

With respect to the 1dent1f1cat10n of potentlallv useful data, icF- spoke
with.a limited sample of financial 1nstitutlons and others active in
geothermal«energx,and wath DOE and other prOJe .'or rontractor personnel The
financial 1nst1tut10ns: 1nterest centeer ‘of. the boftom 11ne,"“that is,
whether or.not such prOJects could operate profltably “This view was

*Formal data base may be eliminated due to current funding reduction, and
inability to maintain in the future.
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interpreted as.reflecting the major concern of potential 1nvestors The data
‘requirements of the others ‘Whose opinlons were sought’ were- assumed to .- -
‘represent the broader 1ntere§ts of potential developers and other 1mportant
audiences o o i

S . ’ r

ICF developed an extended data collection form set up to colldct data on:

basic project information, i
pre- prOJect act1v1t1es,
',1ea51ng and permitting, -
" resource assessment,_y
planning,, ‘
well development and performancei
qtransm1531on pipelines, : .
heat ‘extraction and distrlbution; “e T .
disposal of geothermal fluids,
environmental safeguards,
project costs,
. -project management,
f'operations,
' prOJect results/achievements

i

Several rev1ewers of this comprehensive prOJect rev1ew sﬁggested that this
data form could prov1de a useful bas1s for “préparation - of each' Program -
Opportunity Notice (PON) project's final report. EG&G and DOE staff have
pursued this concept because it would provide an ideal means of achieving
several goals, including: '

oo . . :
ngzlfa compfeﬁensive review of each PON‘project's experiénce;

K
v

. 'development of prOJect data in a format that provides treatment’
7 of 1mportant subJects in a manner ‘that is con51stent across
progects,u .
o obtaining data witlout causing undie interruptions: of PON
project personnel by analysts not familiar with a particular
project. - -

Py
S E 1 . h
ol N i

Some data have already been collected on twelve applicatlon projects.
~This; has 1nc1uded "in some instances, review of project reports (including
quarterly and monthly reports and subject-specific reports such as corrosion;
environmental, geological, and design reports), invoices,. and prdoject
specifications. .
..+ The. greatest empha31s on data collection to date, however has ‘been on-

cost and f1nanc1a1 data These data for five advanced projects prov1ded the
basis for the comparative économic ana1y51s described below.
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Task 2: Evaluation. and Analysis

The initial analytic effort of this project addressed the economics of
geothermal direct heat applications as evidenced in the results of several
advanced projects. The synopsis of the analysis presented here is based upon
the interim topical report and the paper prepared for the Geothermal Resources

Council meeting.

The analysis examined the five projects summarized in Table 1. The
approach used to compare the projects wéds a discounted cash flow analysis.
The costs of the different projects were adjusted to account for the
particular financial situation faced by each of three types of investors:

. 'private, for-profit firms;
° non-profit organizations without tax-exempt bond authority; and

° local governments (or non-profit organizations with tax-exempt
bond authority). : :

TABLE 1

PROJECT DATA SUMMARY

start-up Planned Annual
Project Fluid of Project Capital Energy
(Spongor Status) Application Well Depth Temperature Operations Life a/ Cost O&M Cost Delivered
(feet) (°F) {years) (1980 Dollars) (107 Btu)
Diamond Ring Ranch grain drying; 4100 152°F 1979 20 $ 489,000p/ $ 5,000 7.9
(private firm) space & water ,
heating
Klanath YMCA institutional 1400 147 . 1980 25 285,000 2,100 7.0
(private, space & water
non-profit) heating
Pagosa Springs . district . 275 - 131 1981 ¢/ 30 1,462,000 50,400 56.7
{local government) heating .- . 300 148 .
Philip, S.D. . district 4300 - 157 1980 30 1,188,000 .4,000 14.8 g/
(local government) heating
St. Mary's Hospital institutional = 2200 106 1980 30 769,000 - 10,800 11.4
{non-profit, tax- -gpace & water- ‘ o :
exempt bonds) - heating
Ef Period prior to major capital re-investment.
b/ Adjusted to include cost of building new well and exclude costs of extending pipeline to existing well site.
¢/ Planned.
4/ Data not available from project; estisated from energy displacement data.
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"The costs of all the alternatives for each.investor type were then converted
to a levelized unit cost (in constant dollars) of conventional energy
displaced over the .projected life of the geothermal project. Conventional
fuel prices were estimated based on a recent DOE world oil price forecast in
which oil prices increase about three percent annually.

SubSequently, a sensitivity analysis was performed to assessgthe effect of
changes in the original assumptions. The assumptions which were altered in
the sensitivity analysis included project costs, geothermal f1u1d flow -over
time, fipancing, federal tax policy, and world oil prices.

The analysis estimates the geothermal supply costs that each of the three
types of investors would face in providing geothermal direct heat energy given
a set of standard assumptions concerning taxation and financing of a project.
Assumptions made in the analysis of development by a private, for-profit firm
include the following:

. 15 percent energy tax credit;

N federal and state income and local property tax rates (46%, 5%,
and 2%, respectively);

® 10 percent royalty;
* initial debt/equity ratio of 50/50;
d 3 percent real corporate interest rate;

. 9.5 percent real return on equity.

For the private, for-profit developer, geothermal costs vary from $2.37 to
$5.73 per million Btu. Because the taxation and financial assumptions were
standardized for these base case estimates, the differences in unit costs
_result entirely from the range of variations encountered for the physical
characteristics associated with the resources and applications at each
project. Well depth appears to be especially important to cost differences.
Fluid temperature, well capacity factor, and other factors may affect
geothermal costs but additional data must be gathered before conclusive
statements about these variables are possible.

Figure. 1l shows that for the assumptions listed above, each project is

" economically superior to conventional alternative fuels on a lifecycle basis.
Compared to current conventional fuel prices, however, levelized geothermal
costs are not nearly as attractive.
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FIGURE 1
BASE CASE COMPARISON OF

GEOTHERMAL AND CONVENTIONAL ENERGY COSTS
(1980 Dollars per Million Btu)

" 1981 Alternatjive Geothermal Minimum Alternative Fuel Minimum

Fuel Prlce—/ Acceptable Supply Price Acceptable Supply Price
— ~ coal (59.30)%
——
5 I - Distillate ($9.07)
8 8
Distillate ($7.11) 7 7 p————————].ow Sulfur Resid ($7.34)
] ~1_ High Sulfur Resid ($6.47)
6 6 [ Natural Gas (com) ($6.43)
Low Sulfur Resid ($5.69) s F———"hilip ($5.73) ———dA [T Natural Gas (ind) ($5.97)
)
High Sulfur Resid (54.93) 1 St. Mary's ($4.79) 1
Natural Gas (com) ($4.01) | Diamond Ring Ranch (%$4.68) tl_
Natural Gas (ind) ($3.55) 3 3
17 Pagosa Springs (2,56) |
2 Klamath YMCA (2.37) 2
- .
Coal ($1.88) 1 1
[s] }
] °]

a/  Fuel only.
b/ Capital, O8M, and fuel costs.

A sensitivity analysis was performed for the Philip project, the most
costly of the five. Although this approach "biased" the analysis against
geothermal by using a high-cost project, geothermal energy remained
economically superior to distillate fuel oil for all cases examined and
superior to natural gas in many cases. Under the gas price assumptions used
for this analysis, however, natural gas would be superior to Philip geothermal
if the required real return on equity increased by 25 percent, the initial
equity share grew to 75 percent, capital costs increased (perhaps to provide
an injection well), or the energy tax credit were removed. Table 2 lists the
levelized unit costs ofrthe Philip geothermal project and of distillate fuel
o0il and commercial natﬂraligas for selected sensitivity analysis-tases.

The economic assessment performed in this study’ 1nd1cates ‘that geothermal
energy can provide-an‘economical alternative to conventional fossil fuels in
low temperature heating applications. The cost estimates developed should be
applicable to similar projects when the geothermal resourcé to be used is
known to resemble the resources used in the projects examined. Consequently,
potential investors in geothermal direct heat applications can use the results
of this study to evaluate the economic attractiveness of proposed prOJects in
some spec1f1c locations. '

This analysis' generally favorable preliminary findings about the economic
attractiveness of geothermal energy indicates the need for additional efforts
along several avenues of inquiry. First, the preliminary findings based on
projects using known geothermal resources should be confirmed using data from
other advanced projects. Second, the economic assessment must expand its
scope of analysis to include the costs associated with identifying and

19N




Parameter

SELECTED SBENSITIVITY ANALYSIS

Parameter Change

TABLE 2

Philip
Geothermal MASP b/

Minimum Acceptable Supply éticeAgl

Distillate

'
i

Natural Gas
{Commercial)

($/million Btu)

($/million Btu)'

1

-{($/million Btu)

Capital Cost 25% Increase $7.10 $9.07 $6.43
: 25% Decrease 4.35 9,07 6.43
Yearly Production - Declining to 1/2 1nitxa1
-Rate RateS 6.40 8,78 6.22
Declining to 0/ 7.26 8.42 5.96
Debt/Equity Ratio 25/75 . 7.22 9,07 ! 6.43
75/25 4,23 9,07 6.43
Real Return on 25% increase 6.80 8.79 6.20
Equity’ ~ 25% decrease 4.72 9.40 6.68
Tax Treatment Remove energy tax credit 7.19 9.07 6.43
’ "10-5~3" accelerated 3.88 9.07 6.43
depreciation
Royalties Remove royalty charge. . 5.15 9.07 6.43
AProject Sponsor Private, not-for-profit 3.68 10.12 : 7.17
Status (no tax-exempt debt) ‘
Local govermpent 2.65 10.61 7.48

(tax-exempt debt)

a/ Conventional fuel prices are levelized assuming the same energy quantities and applying the same
discount rate as the corresponding geothemmal project costs,

b/ Minimum acceptable supply price.

</ Linear decline beginning year 6.

P,

confirming a commercial geothermal resource. The effects of new tax
regulations and potential -changes 1nuthe regulation of natural gas prlces also

deserve attention.

The V&lldlty of the.study's results would be enhanced by improving both
the geothermal and the conventional energy cost estimates. The igeothermal
cost estimates can be improved by expanding the geothermal direct heat project
data base with data from additional projects. For conventional fuel costs,
future work should reflne the estimates of heating equipment eff1c1ency and
examine the 1ikelihood of different fuel price escalation rates jin greater
detail Refinements would also incorporate the results of the changes in

Federal business taxatlon.‘ e BT

. The 1dent1f1catlon of a geothermal resource and the conflrmatlon of its
quallty requires an analysis of the costs and risks of such activities and the
means to finance them. The act of identifying and confirming the quality of a

= . o . f - . . i
. '
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geothermal reservoir may or may not lead to an exploitable resource. Future
work on the economics of geothermal direct heat applications should estimate
the costs of identifying and confirming the required resources and the risks
at each stage that a resource could prove unacceptable. Means of reducing the
effective costs of such activity through full use of the tax advantages
available and through creative financing approaches should also be explored.

Task 3: Identification of Barriers

The economic analysis has shown that the potentially most important
barrier to commercial success, an inability to achieve economic
competitiveness, has already been overcome for several geothermal direct heat
applications. One closely related issue that could hinder geothermal
development, tax policy towards geothermal energy, received special attention
in the economic analysis. The results of that effort are reported in an
appendix of the interim topical report. The subject of tax policy, especially
recent major changes in the treatment of capital investments, is expected to
receive further attention in this project.

Task 4: Reporting

An interim topical report, "Economic Assessment of Geothermal Direct Heat
Technology: A Review of Five DOE Demonstration Projects," DOE/ID/12099-1, was
published in June 1981. The results were also reported to DOE and national
laboratory personnel at a briefing at DOE, Washington, April. At DOE's
request, a paper, 'Economics of Geothermal Direct Heat Applications," was
submitted for presentation at the Geothermal Resources Council annual meeting
in Houston, Texas in October 1981.

PROJECT STATUS

ICF, DOE and EG&G, Idaho personnel are in the process of identifying the
next subjects for topical report preparation. Work continues to support
development of the data base in its revised format. '

LESSONS LEARNED

The geothermal direct heat application projects reviewed so far have
uniformly provided an economical source of alternative energy. This has
proven true not only under special circumstances {e.g., with Diamond Ring
Ranch's existing well) but also for more typical conditions that a new project
with similar geothermal resources might face.

The cost data development effort for the economic analysis confirmed the
value of collecting data through the use of a detailed form filled out by
project staff. ICF found that no reported information, including detailed
monthly vouchers, provided cost data in the breakdown required to properly
account for the major variations in the tax treatment of various project
segments and types of equipment. When ICF explained the cost element
distinctions required to calculate taxes correctly, project staff quickly
provided the information. Moreover, project staff did not indicate that these
requests imposed any inconvenience.
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