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GEOTHERMAL DLIRECT HEAT APPLICATIONS
SEMI-ANNUAL REVIEW MEETING

AGENDA

Thursday, April 15, 1980

8:00 - 9:00 Registration
9:00 - 9:10 Welcome

Mahlon Gates, Manager
Nevada Operations Office

9:10 - 10:15 DOE Geothermal. Programs
Overview
Eric Peterson, Program Manager
Direct Heat Applications Programs
DOE, Washington, D.C.
Title VI -~ Energy Security Act

Hilary Sullivan, Program Coordinator
DOE, San Francisco Operations Office

ICF Study on Direct Heat Application Projects

Wiillam C. Stitt, President
ECF Incorporated

Materials Testing

Marshal Conover

Radian Corporation
10:15 - 10:30 Coffee Break

Session 1

Reservoir Confirmation, Drilling and Testing

10:30 - 11:00 Madison County (ID) Food Processing

Roger C. Stoker, Manager

Geological Engineering
Energy Services, Inc.
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11:00 - 11:30 Elko (NV) Space and Process Heating
Sheldon Gordon, Project Engineer
Chilton Engineering
11:30 - 12:00 Pagosa Springs (CO) Heating
Kenneth Goring, Project Engineer
Coury & Associates
12:00 - 1:30 Lunch
Speaker: Phil Edwardes
City of Susanville
1:30 - 2:00 Holly Sugar (CA)
Jay Seidman, Project Manager
TRW Energy Systems Group
2:00 - 2:30 Warm Springs (MT) State Mental Hospital
Karen Barclay, Project Manager
Montana Energy and MHD R & D Institute, Inc.
2:30 - 3:00 Utah Roses
Dr. Jay Kunze, General Manager’
Energy Services, Inc.
3:00 - 3:15 Coffee Break
3:15 - 3:45 :Utah State Prison
Jeff Burks, Project Engineer
X Utah Energy Office
3:45 - 4:45 Susanville (CA) District Heating
Phil Edwardes, Principal Investigator
N . City of Susanville
4:45 - 5:15 Reservoir Management for District Heating Systems
Harold Derrah, Assistant City- Manager
Klamath Falls, Oregon '
5:30 - 6:30 Social Hour
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8:30 -

%:00 -

9:30 -

10:00

10:15;

10:45 -

11:15 -

11:45 -

9:00

9:30

10:00

10:15

10:45

11:15

11:45

1:00

Friday, November 21, 1980

SESSION II

Financial and Institutional

Boise (ID) District Heating

Nathan Little, Project Manager
CH2M Hill - Boise

Moana, Reno (NV) Apartment Complex Heating

Dr. David J. Atkinson, President
Hydrothermal Energy Corporation

El Centro (CA) Space Heating and Cooling

Georgy Parker, City Manager
City of E1l Centro, California

Coffee Break

Municipal Bonding Outlook

Harold Derrah, Assistant City Manager
Klamath Falls, Oregon

SESSION IIIX

System Design

Kelly Hot Springs (CA) Agricultural Center

Alfred B. Loungyear
Lahontan, Inc.

Navarro College and Memorial Hospital (TX)

Ron. Keeney, Project Engineer
Radian Corporation

Lunch
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1:00 - 1:30
1:30 ~ 2:00
2:00 - 2:30
2:30 - 3:00
3:00 - 3:15
3:15 - 3:45
3:45 - 4:15
4:15 - 4:45

Klamath Falls (OR) District Heating

James K. Balzhiser, Hubbard and Associates

Torbett~Hutchings~Smith Memorial Hospital (TX)

Marshall Conover, Project Engineer
Radian Corporation

SESSION IV

System Construction and Operation

Philip (SD) Schools

Dick Berg, Project Engineer

- Hengal, Berg & Associates

Diamond Ring Ranch (SD)

Dr. Stanley M. Howard
Professor of Metallurgical Engineering
South Dakota School of Mines and Technology

Coffee Break

St. Mary’s Hospital (SD)

- James Russel, Administrator

St. Mary’s Hospital

YMCA of Klamath County (OR)

.Brian FitzGerald, General Director

Klamath County YMCA

"Aquafarms (CA)

Becky Broughton A
Aquafarms International, Inc.
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piRECT HEAT APPLICATION PROJECTS

The use ‘of geothermal energy for direct heat purposes by the private

sector within the United States has been quite limited to date. However,
there is a large potential market for thermal energy in such areas as
industrial processing, agribusiness, and space/water heating of commercial
and residential buildings. Technical and economic information is needed to
assist in identifying prospective direct heat users and to match their
energy needs to specific geothermal reservoirs. Technological uncertainties
and associated economic risks can influence the user’s perception of
profitabflity to the point of limiting private investment in geothermal
direct applicatioms.

To stimulate devélopment in the direct heat area, the Department of Energy,
Division of Géothermal Energy, issued two Program Opportunity Notices
(PON“s). These solicitations are part of DOE’s national geothermal energy
program plan, which has as its goal the near-term commercialization by the
private sector of hydfothermal resources. Encouragement is being given to
the private sector by DOE cost-sharing a portion of the front-end financial
risk in a Iimited number of demonstration projects.

The twenty-two projects summarized herein are direct results of the PON
solicitatrions. These projects will provide (1) visible evidence of the
profitability of various direct heat applications in a number of geograph-
ical regions, (2) technical, eéconomic, institutional, and environmental
data under field operating conditions that will facilitate decisions on the
utilization of geothérmal energy by prospective developers and users, and
(3) demonstration of a variety of types of applications.
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DOY, PROJEGT OFFLCES

Three Department of Energy Operations Offices are responsible for the
management of the direct heat application projects. The offices and their

respective projects are:

OFFICE

Idaho Operations Office
550 Second Street
Idaho Falls, Idaho 83401

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

Technical Support:
Ed DiBello
EG&G Idaho, Inc.
Idaho Falls, ID 83401
(208) 526-9521

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

Contact: Conway Crayson
Engineering Branch
(702) 734-3424

San Francisco Operations Office
1333 Broadway
Oakland, California 94612

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

Technical Support:
George Budney
Project Manager
Energy Technology
Engineering Center
Canoga Park, CA 91304
(213) 341-1000
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PROJECTS

Boise

Diamond Ring Ranch

Elko Heating

Madison County

Pagosa Springs

Philip Schools

St. Mary’s Hospital

Utah Roses

Utah State Prison

Warm Springs State Hospital

Navarro College
T-H~-S Hospital

Aquafarms International
El Centro

Holly Sugar

Kelley Hot Springs
Klamath County YMCA
Klamath Falls

_Moana, Reno

Susanville



DIRECT HEAT APPLICATIONS

PROJECT DESCRIPTIONS
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PROJECT TITLE: Madison County Geothermal Project

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

PROJECT TEAM: Madison County
American Potato Company
Energy Services, Inc.

PROJECT OBJECTIVE: To demonstrate the economics and feasibility

- of using a low-temperature geothermal resource
for food processing and space heating
application.

LOCATION DESCRIPTION: Rexburg, Madison County, Idaho

25 miles (40 km) northeast of

Idaho Falls, Idaho

Population: 10,773 (Rexburg)

Area Activities: Potato Processing,
agriculture and
trade center.

RESOURCE DATA:

Well Depth: 3950 ft (1204 m)

Date Complete: 7/4/80 (rig dismissed, well not completed)
Completion Technique: Open Hole

Wellhead Temperature: 68°F (20°C)

Flowrate: 600 - 700 gpm (38-44 &/s)

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 Madison County
weéll intersected a fault at- 3,000 ft (914 m).

But the very porous formation has made it impossible
to sample the formation fluid temperatures below
2400 ft, just below the casing. '
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Madison County (Continuced)

SYSTEM FEATURES:

Application: Potato processing and district heating
were originally proposed.

- Heatload (Design): 25 x 102 Btu/hr potato processing (proposed)
60 x 10~ Btu/hr space heat (proposed)
Yearly Utilization (Maximum): Geothermal resource not
confirmed to date.

Ener to be Replaced: 1. " '
& ® 4:8 % 18- BEWYE BRfatonBrecqsrand.and
Facility Description: Nine public buildings, residences
§ and the American Potato plant were
originally proposed.

"Disposal Method: One injection well was originally proposed.

Summary: The Madison County project was originally proposed
as a combination district heating and industrial
‘process system. A deep well was to supply 250°F
(121°C) water to the American Potato Company for
use in blanching and drying equipment. An additional
well supplemented by the geothermal water discharged
from the potato plant was to be used in a district
heating system for the Rexburg business district.

STATUS: Drilling below the 3150 ft level, using water as the
drilling fluid, proceeded without returns. Severe
lost circulation, at a number of known depths. Bridging
occurred at several locations, and the hole has never
been logged below 3480 ft. Drilled to 3950 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 drawndown and no change in
wellhead temperature (68°F). Well is cased to 2304 ft.
Rig was dismissed. Well is bridged at 2800 ft. Flow
meter logging revealed a 40gpm natural flow into well at
2400 ft, flowing down. It is therefore, concluded that
the cold water production at 2400 ft must be sealed off
before anything definitive can be determined about the
formation water temperatures below this depth.

CURRENT ESTIMATED
PROJECT COSTS:

Total: $3,422,500

DOE Share:$1,677,025 Participant Share: $1,745,475
49% 51%

Expenditures to date: $660,000
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Madison County (Continued)

LESSONS LEARNED:

The $6,000 perday expense of the rig dictated that it be
dismissed. Now there is pending remedial action with a
workover rig. However, had it been known that downward
flow in the well was masking the formation temperatures,
liner could have been ordered in advanced, along with
smaller diameter drill pipe to work within the liner
using the rig that was then over the hole. Also, with
half of the budgeted drilling funds uncommitted, there
was the option of this being the reinjection hole, and
drilling another well for production.

In retrospect, the choice of dismissing the large rig
in favor ,of a workover rig was the least expensivg option
in pursuit of true formation water temperatures near the
bottom of the hole. However, if much deeper drilling is
to be done (as a result of encouraging bottom hole tem-

~ peratures), the overall effect will be greater expense
then had the large rig been kept over the hole on standby.

Currently, the project is awaiting authorization to proceed

with a workover rig, to install a 7 in. liner from 2,300 ft

(casing bottom) to top of £ill at 3,700 ft. A cement plug

will be spotted at 3,700 ft, and it and the fill drilled out
to 3,950 f¢t.

¢
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MADISON COUNTY WELL PROFILE

7/23/80

GEOTHERMAL WELL #1

(Everything Referenced to the Kelly Bushing " KB ")
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* bridged zone 1200'

2304
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OQ§ o 0.
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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, 702-738-3108

Project Team:

- Elko 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.

- Displace a significant portion of the primary fuel consumption
in Elko for identified energy markets with geothermal energy.

- Determine the economics of the required investment and
characterize the economics of a variety of applications of the
resource. '
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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.

In September, 1980, two additional gradient holes were drilled on the
western 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 0 100’ 15.4°C
Average Temperature Gradient 3.73°C/100'
BHT @ 995 48.8°C
Maximum Temperature Gradient observed 5.8°C/100'
Water Quality Good

Test Well EHC No. 2

Water Temperature @ 100° 14.5°C

BHT @ 900’ . 36.4°C
Average Temperature Gradient 2.74°C/100'
Maximum Temperature Gradient observed 2.8°C/100"
Water Quality Good

Test Well ECH No. 3

Water Temperature @ 100' 61.9°C

BHT @ 565 71.2°C
Average Temperature Gradient : 2.97°C/100°
Maximum Temperature Gradient observed 2.97°C/100"
Water Quality . . TDS - 694 ma/2

' Silica - 56 mg/g
Test Well EHC No. 4 ‘

Water Temperature @ 100' : 15.1°C
BHT @ 625' 29.0°C
Average Temperature Gradient : 2.65°C/100"
Maximum Temperature Gradient observed f” 2.65°C/100°
Water Quality _ . unknown

(15)



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

It is theorized that test holes No. 1 and 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.

It should be noted that the resource temperature is estimated to be
115°C based upon silica geothermemetry.

Design:

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.

This effort is the first.step in a system design and wmodeling effort
which we feel is somewhat unique. The three selected buildings will be
computer modeled using DOE-2, a detailaed building loads and system simulation
model used to certify compliance to Title 24 of the California Administrative
Code - Energy 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 number 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 particularly useful in-the evaluation of system economics.

The buildings selected for retrofit to the gcothermal 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
project team to design and operationally test systems for a variety of retro-
fit applications. This experience will be useful in the effort at
continued development of the resource.

(16)



Building Systems and Load Summary:

1. Henderson Bank Building

The fifty year old Henderson Bank Building is a four-story,
21,000 sq.ft., brick or stone faced concrete building. The first floor
(bank lobby) rises the equivalent of two stories. A mezzanine covers
approximately one-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 primary energy conversion equip-
ment.

The primary energy conversion equipment applicable to geothermal
retrofit is a 200 HP hot water boiler. The boiler is coupled to a peri-
meter radiation distribution system. Cast iron radiators are located
normally at each window. Each radiator is controlled by a thermostatically
actuated modulating valve.

2. YOgue Laundry

The Voque 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 Toads 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 equip-
ment 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 lbs. Discharged waste. water 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 Qriging] motor court building. This is a two-wing, three-story, motel-
type bu11d1ng with a heated swimming pool located in the court yard.
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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. In 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 usually only one boiler on 1ine at a time. The 60 PSIG steam is used
as the main heat transfer medium to the steam coils or hot water generators.

There are several types of distribution 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 convertors. 180°F hot water is supplied to the system from
a steam fired hot water generator. The heated swimming pool utilizes 100°F
hot water, again from a hot water generator.

The casino/restaurant is serviced by three air distribution systems
and an outside air preheat system. The four systems utilize steam coils
for heating. 60 PSIG supply steam is pressure reduced to 10 PSIG at each
coil. .

The two floors of hotel rooms overhead of the casino/restaurant
is serviced by a four-pipe hot/chilled water system. Again, individual
terminal room fan coil convertors are utilized. 180°F hot water is supplied
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 utilize either 60 or 30 PSIG steam.

Cooling is accomplished by utilizing two centrifugal water chillers
supplying chilled water to the various systems noted above. The feasibility
of retrofitting the Stockmen's heating systems will .be two-fold. First,
all hot water systems will simply be tied into the geothermal source via
heat exchangers. Secondly, all steam boilers, distribution piping, and
coils will be retrofitting to hot water and connected to the geothermal
source. This will be a major undertaking and requires extensive repiping.

(18)



PROJECT TITLE: Pagosa Springs Geothermal Heating and Distribution System

PRINCIPAL INVESTIGATOR: Fred A. Ebeling, Planning Administrator
(303) 264-5851

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, CO
Population: 1500

Area Activities: Ranching, Lumbering, & Tourism/Recreation

RESOQURCE DATA:

Ps-3 PS5
Well Depth: ' 300 ft. (91 m.) 275 ft. (84 m,)

Date Complete: 7/2/80 7/31/80

Completion Technique: Open hole Open hole

Wellhead Temperature: 131%. (55%.) 148°F. (64° C.)
Flowrate: 600 gpm (38 3/s) for 12 hr test 1200 gpm (76 #/8) 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 mg and produce waters ranging in
temperature from 130°-170%. (54°-77°C.). The hydrothermal
fluids are produced from a Dakota Sandstone acquifer.

SYSTEM FEATURES:

Application: District Heating

Heatload (Design): 27 x 10° BTU/hr (7.9 MW)

Yearly Utilization (Maximum): 28.6 x 109 BTU/yr (.96 MW-yr)

Energy Replaced: Natural gas -~ 40.8 x 106 cu.ft.
Facility Description: 10 public buildings, 54 businesses, and 63 residences

Disposal Method: - The State of Colorado has agreed to discharge of the
geothermal fluid to the San Juan River, 3

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 4/5) but will be capable of
expansion to 1800 gpm, (113 #/s).
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STATUS :

Technical Scope

The objective of this project'is to demonstrate the engineering and
economic feasibility of the utilization of a moderate temperature geothermal
resource for space heating.

For the proposed closed distribution 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 designed
for 1000 gpm; however, initially it will carry only 500 gpm. This is to
permit future expansion of the distribution system into the growth areas
of Pagosa Springs. A schematic diagram of the overall design is shown on
Figure 1. Briefly, the system will operate as follows:

1) Clean city water will be heated with the geothermal fluid usiﬁg
two plate heat exchangers. The geothermal fluid leaving the plate heat
exchangers is then discharged to the San Juan River.

2) The clean heated city water will be circulated in each of two
closed loops by means of one to four pumps, depending'on user demand. Each
of the loops consists of large diameter concrete asbestos pipes, 6 inches
to 10 inches, referred to as trunklines, and smaller dismeter service pipes
carrying the water to the individual users. Two parallel trunklines aré 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.

3) 2t the terminal point of the supply line, 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 entire process is repeated.
SCHEDULE :

The wells required for the project were completed earlier this summer.

Based on results from the well drilling program, the final design was completed
in October and has been reviewed by DOE. Recommendations coming from this
review are currently being incorporated into the design and bid documents.

The major milestones for the remainder of the project are now scheduled as
follows.
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1. Send out bid documents Mid-November 1980

2. Construction contracts January 1981

3. Construction March - July 1981
4. System testing August 1981

5. System operation ' September 1981

CURRENT ESTIMATED PROJECT COST

Total 1,364,280

: * Includes $115,500 of existing
DOE share 1,111,000 8% facility credits. Also, Parti-
Participant share 253,280 * 19% ipant has agreed to pay back

$60,000 from revenues after the
system becomes operative,

LESSONS LEARNED

1. With the rapidly escalating costs of materials and labor, an appropriate

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 escalat:on during that time.

2. Keeping the public informed of project progress is important for success-
ful acceptance, and to minimize erroneous information and rumors. Interviéws
by media reporters frequently result in partiql, mi.sleading infcrmationbbeing
published or broadcast. Carefully 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 communicate

with the media and the public on a regular basis.

3. Predicting the existence of geothermal fluid underground, and especially
quantification, is not reliable even in close proximity to existing wells.
FIt seems the only dependable way to determine the exiétence of , and to quant-
ify, 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 109F 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 sub-strata. 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 17°F hotter and at a depth
considerable less than predicted by geological analysis of the sub-strata.
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4, Drilling geothermal wells, particularly artesian wells, presents problems

and 'situations not encountered in ustal water well drilling. This applies not
only to the temperatures. and preassures involved but also to the subsurface strata
which may have.bean affected by the geotharmal conditions. Anomalies from usual
geologic situations sﬁbuld be expected..

S. Keeping state agencies and local government bodies informed on the pro-
gress of the project and particularly about well drilling is of great value

in aesisting various permitting and approval requirements.

o (23)
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PROJECT TITLE:

PRINCIPAL INVESTIGATOR:

PROJECT TEAM;

'PROJECT DESCRIPTION:

PROJECT LOCATION:

RESOURCE -DATA

SYSTEM FEATURES:

Holly Sugar/TRW GeothemmalvProjéct

Louis P. Orléans, Holly
Jay Seidman, TRW

Holly Sugar Corporatlon
TRW Energy Systems Group

This project is the second phase of
an 1ndustry/DOE program to exploit
geothermal energy at a sugar beet
processing plant in Brawley, Cali-
fornia. The program intends to
capitalize on the geothermal energy
potentially available from & company=-
owned resource and apply the energy
dlrectly to the processing of sugar
beets in the company facility. At
its completion, .and assuming the re-
source 1s adequate 1in composition,
temperature and flow rate, the avail-
able geothermal energy will replace
over 225,000 equivalent barrels of
fuel ¢il per year through a techni-
cally straightforward, economically -
sound and- environmentally acceptable
geothermal appllcatlon

The well site is located on Holly
Sugar property, roughly half way
between the cities of Brawley and
El Centro in the Imperial Valley
in California.

Well Depth: 8758 feet MD

8500 vertical depth
Completion February, 1981
Date: : _
Completion Slotted linetr/liner

~Technique:

Well -20" conductor, 13 3/8"

Diameter: casing, 9 5/8'" casing,
7" liner (Figure 1)

Wellhead 350°F (typical)

Temperature:

Flow Rate: 500 gpm (typical)

TDS: IZS 000 ppm (typical)

Application: Energy from the geo-
thermal well will be used to heat
air to directly replace gas-heated
air in the drying of sugar beet
pulp. If the temperature is high




SYSTEM. FEATURES :

(Continued)

enough, and if there is a large
enough flow, some steam will be
generated for general plant appli-
cation. . .

Heat Load and Yearly Utilization:
For the pilot plant, the heat load
will vary with the temperature of
the resource. With a minimgm ac-
ceptable temperature of 292°F the
hegt load is approximately 3.8 x

Btu/hr or an equivalent of
182,500 Bbl of oil for the duration
of the~campaign.

1f the resource cofmes in at higher .
temperatures an added amount of oil
can bé replaced by supplying heat
to other users in addition to the
low pressure steam and the pulp
drying; potentially upwards of
300,000 Bbl of oil/year.

Energy Displaced: Approximately.

300,000 barrels of oil equivalent.

‘Facility: During the pilot plant

operation,; the geothermal energy
will be used to completely replace
the gas used for the beet pulp
dryer, and depending on the quality
and quantity of the resource, some
of the make-up steam for auxiliary
plant operations. In the final
configuration, the geothermal energy
will be used to make up steam for
beet processing, electrical gener-
ation, mechanical drivers, refrig-
eration and drying. (The dryers
use approximately 45 percent of the
total energy used by the plant)-

Disposal Method: During the test
operation, waste brine will be dis-
posed of in approved sumps. During
the pilot plant and subsequent op-
erdtion, the waste brine will be
reinjected into a different strata

at the well site,



STATUS =

COSTS:

LESSONS LEARNED:

*$3
$

546,897--DOE
236 998--H011y Sugar

Preliminary siting and obtaining

of permits have been completed.

Roads and well pad have been con-

structed. Cellar has been in-
stalled around 75 foot conductor.
Subcontractors and suppliers .have

béen selected for the production

and injection well casing, the

casing inspection, casing slotting,
the mud program, well héad, ceéementing,
drilling, direction drllllng, logging
and permeablllty tests. We anticipate
drilling will start January 2, 1981.

Pilot Plant Facility: $ 3,266,795

‘Total Program: . $ 4,000,000

Total .Contract $ 3,783,895%
Amount to Date:r

Shortages in supply; particularly
casing, poor quality casing, and
accelerating costs.



(THIS DIAGAAM NOT TO SCALE)
BOTTOM HOLE LOCATION
FROM SURFACE COORDINATES!
GAOUNDLEVEL 1785’ S25W

;\ 321N, HOLE

e ) 20 tN, CONDUCTOR PIPE
rol 17:4/2 IN. HOLE
i 133/ IN, CASING
~132BEY - i
._: 12-%/4 IN. HOLE
g 130 FT : .
O AL - B5/81N. CASING
2400 FT KICK OFF POINT
BUILD' TO 17 BY 2968 FT MD

HOLD AT 17°
MD 6300 FT
VD 6200 FT

. §1/2IN. HOLE

" COMBINATION

MD 8758 FT
VD 8500 FT.

7 IN. LINER/SLOTTED LINER



PROJECT TITLE: Geothermal Heating of Warm Springs State Hospital

PRINCIPAL INVESTIGATOR: Xaren L. Barclay, Montana Energy Research and Development
)  Institute, (406) 494-6246

PROJECT TEAM: State of Montana
— MERDI, Inc.
‘Energy Services, Inc.
CH2M Hi11, Inc.

PROJECT OBJECTIVE: To develop the geothermal resource at Warm Springs for
’ ' domastic water and space heating.

LOCATION DESCRIPTION: Warm Springs State Hospital, Deer Lodge County, Montana
' 15 miles {24 km) south of Deer Lodge
Population: 10,700 (Deer Lodge County)
Area Activities: Mining, state hospitals, and agriculture

RESOURCE_DATA:

Well Depth: 1498 ft (457 m)
" Date Comp1etei .12,5/79
-Completion Technique: Slotted Liner
Wellhead Temperature: 171°F (77°C)
Flowrate: 250-300 gpm {15.8-18.9 2/s} required for system design

Summary: Warm Springs is located adjacent to the State Hospital and
" discharges 171°F (77°C) water with a dissolved solids content
of 1250 mg/z. The source of the geothermal fluid is attributed

to deep circu]ation in fault zones.

SYSTEM FEATURES:

Application: Space and water heating

Heatload (Design}: 6.6 x 10 Btu/hr (1.93 MW) estimated

Yearly Utilization (Maximum): 26.0 x 10% Btu/yr (.87 MW-Yr) estimated
~Energy Replaced: Natural gas - 7.5 x 107 cu.. ft.

‘Facility Description: 2 buildings out of ¢ at the complex will be served
: with geothermal water. .
* Disposal Method: Surface discharge to migratory waterfow! wet]ands.

Summary: Two plate-type counterflow heat exchangers will provide space
. and domestic water heating to the Warren and Food Service
i, buildings. A geothermal side AT of 100°F will be achieved by
'placing these heat exchangers in series.

(25)



STATUS:

The. Narm Springs State Hospita1 project was 1n1tiated in February, 1979
with an ‘environmental assessment being done of what impact the project
would have ori the surround1ng area. This assessment addresséd both humin
‘and natural environment factors with respect to development of the
geothermal resource. Concurrent with this assessment a legdl/statutory
review ‘was conducted to determine those legal requirements having to

be met prior to, during, and after development of the resource.

Resoiircée evaTuat1on a1so ‘commericed in the same time frame with the primary
objective being the selection of the most favdrable geo]og1ca1 location
for siting of the geothermal well.

Al readily dvailable data {reports, maps surveys and studies) were evalu-
ated in. regard to the natiure of the geotherma1 resource. The Montdna
Bureau- of Minés and Geology also conducted a gravity and resistivity

survey within the immediate area of Warm Spr1ngs existing surface manifest-
ation (hot spring mound). The resistiv1ty survey indicated a ow in the
area of the mound and main buildings. The gravity data indicated that a
northwest trend1ng Tinear exists =1300 feet nortHeast of the mound and

a grav1ty high 1s 1ocated on the south s1de of this 1ihear just east of

the mound.

Two independent structure studies were made of the Deer Lodge valley which
resulted in the mapping of a number of features with identifiable surface
expression and three questionable faults running northeast to southwest and
north to sSouth.

Taking into consideration all the geophysical and geo1ogica1 information,.
the Warm Springs State H05p1ta1 production well was sited {see Figure 1)
northeast of the mound in the area of the facility's heating plant.

The well was. spudded in at 12:25 p.m: Qctober 12, 1979. A 17- 1/2 inch

hole was drilled to 900 ft. where 12-3/4 ‘inch casing was set and cemented
in place on November 6, 1979, Drilling resumed, with an 11 inch hole from
300 to 1500 feet where temperature and geophys1ca1 Togs were run on
November 17, An 8-578 inch Tiner was suspended from 850 feat to 1498 feet.
The s1otted sect1on of the liner extended from 1040 to 1370 feet with 16
“slots per foot, The well was preparéd for pumip testing by circulating fresh
water to remove drilling fluids. :

A five stage, 6 inch turbine line. $haft pump was sét to 260 feet on November

20, and alternative pumplng/recovery cycles were initiated to slowly

deve10p the we11 while awaiting arrival of a larger pump. On November 26

_an electric submersible pump was set to 700 feet and pumped =100 gpm for
7-1/2 hours at 160°F. The submersible pump was then lowered to 1000 feet

and pumped =132 gpm for 7 hours. The well was allowed to recover and

then continued pumping for another 24 hour period at variable flow rates.

(26)
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During thesé pump tests, the decision was made to perform d matrix acid

. tréatment oh the well. The acid treatment of thé Wari Springs well was
conducted on November 30 using Hydrochloric Acid {HCL) based on an analyses
of ac1d ‘redction to well cittings. )

The actual acidizing job consisted of pumping 4000 gallons of 15% Hydro-
chléri¢ Acid down the drill pipe and displacing acid by pumping fresh water
dowh the annilus side. The pressure was bled off and then the well was shut
ift for 24 hours, Jon Carlson, MERDI consultant on the job, indicated that
it was likely that the acid went into one or two prodiuction zones and that
the remaifiing zones were probably untieated. Diring a pump test conducted

on December 3, 1980, the well flowed 200 gpm for two hours dt 160°F, however,
the test was stOpped due to pump failure.

The decision was made to pursue a mofre extensive. clean-out and well test
program due to the 1imited information obtained froii the short tests prior

to acidizing and Yack of tests after acidizing.
A tést plan was developed that would meet the objectives as listed below:

. Determine local aquifer characteristics.

Determine specific capacity.

Estimate "long-term" well production.

Estimate well Yosses.

Evaluate any influence from shallow ground water aquifer and

vice versd.

6. Determine aquifer boundaries 1n the 1mmediate v1c1nity of the wéll,
7. Détermine thermal characteristics of the well.

T NY O
- - - .

MERDI contracted with Xnudsen Irrigation Company of American Falls, ldaho
to provide equipment and services to clean-out and test the geothermal
prodiuction well. The contractor installed a new Worthington line shaft
vertical turbine pump on April 29, 1980 and attempted to initiate testing.
The teést never commenced beCause upoii startup the pump vibrated excessively.
The pump was removed and upon examination 1t was discovered that the rubber
bushings spaced every 10 ft on the 830 ft stain1ess steel shaft had pulled
out of the bronze spider bearings.

After examindtion By Worthington éngineers, the 19-stade 1iné shaft pump
was again set in the weéll with bronze Bushings and spider bearings rather

than rubber biushings. Thé well was pumped at varying flow rates for =120
hours at which time the pump began vibrating excessively again. Investi-
gation into thé cduse of the vibration is currently underway. -

CURRENT ESTIMATED
PROJECT COST:

Total: $1,166,755

DOE Share: $995,108 Participant Share: $171,647
85% . 15%
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PROJECT TITLE: Floral Greenhouse Industry Geotherma] 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 OBJECTIVE: To demonstrate to the public the potential offered by
geothermal space heating in a highly populated area,
by using geothermal heating in a commercial app11cation _

LOCATION DESCRIPTION: Sandy, Utah

13- miles (21 km)} south of Salt Lake City

Population: 51,227 . Metropolitan area of 50,000

Area Activitfes: Agriculture, light industry and
commercial development

RESOURCE DATA:

~ Well Depth: 5009 ft (1527 m)

" Date Complete: 12/8/79

“Compietion Technique: Slotted Liner
Wellhead Temperature: Y24°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 within 100 yds. (91 m) of the site.
which has 93°F (34“0? water. The present well was drilled
into loosely consolidated sandstone formations beneath the
Utah Roses property, and encountered the primary productxon of
132 to 140°F water at. 2300 to 3800 ft,
SYSTEM FEATURES

| App?jeat1on; Greenhouse spage heating geotberial handles full load
- Heatload (Design}: 4.9 x 10~ Btu/hr (1.44 MW) bo 35°F outside tenmperature
;Year1y>Ut1112ation (Maximum}: 20 x 107 Btu . (0.67 Mi-Yr) estimated

Energy Replaced: Fuel o1l - 40,000 gal gese.ntly used only for peaking

_ : _ Natural gas - 4 % 10 cu.

Facility Description: Six acre (24,300 m ) commercial greenhouse
_Disposal Method: Surface discharge to adjacent canal 1s proposed.

-Summary: The Utah Roses facility, in a rapidly growing suburb of
' Salt Lake City, used $130,000 of fossil fuels during the
winter of 1979-80. It is anticipated that the: well will
provide 25% of the heating for the greenhouse which’ produces
cut roses for the national floral market.
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Utah Roses, Inc. (cont'd)

STATUS =

Well was drilled and temperature logged to a depth of
5009 .ft, With casing to 2244 ft. Bottom hole temperature
160°E. Liner (5-1/2") was hung to 3885 ft. to prevent
bridging; After pump testing, liner was selectively per-
forated at 3100, 3650, and 3785 ft, with pump testirg
after each perforation. Production temperatures between:
3100 and 3800 ft. are 132 to 140° F, but 1/2 hour transit
time to surface results in 8 to 16 F temperature loss.

.Long term (3 months) drawdown at 230 gpm continuous. pumping
“will be 900 ft. Dissolved sollds 2800 ppm {mg/l). Awaiting
decision by State Environmental Department to determine if
discharge inte surface streams will be permitted. Jordan
River salinity would bBe increased 1/2%, but not exceedlng
thieé natural high salinity levels reached in June when geo-

thermal heat would not be used,

CURRENT ESTIMATED
PROJECT COST:

Total.: $856,200
- DOE Share: $478,312 Participant Share: $377,888
563 44%

TOTAL EXPENDITURES
TO DATE: $444,000

LESSONS LEARNED:

Cost of well and remedial work was only $350,000 for 5000 ft.
total depth. TFormation is tlght, and temperature not as high
as anticipated, though about normal gradient for Basin and
Range. 1In the future, wells drilled into this formation should
be multlple legged; to increase production;or multlple less
expensive wells drilled with 9 5/8" surface casing, 7" pro-
duction casing. Required depth is 3200 ft. Two wells of this
type might be drilled for not much more than single cost of
this well, Cable tool or drill-and-drive rotary should prob-
ably be used to set surface casing through the very loose
gravels. Present economics (competing with 20¢/therm natural
gas) cannot justify expenditure of a deep well for reinjection.
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PROJECT TITLE: Direct Utilization of Geothermal Resources, Field Expériment
- at the Utah State Prison ‘

PRINCIPAL INVESTIGATOR: Jack Lyman, Director, Utah Energy Office
(801) 533-5424

PROJECT TEAM: Utah Energy Office

Utah Department of Social Services.
Utah State Building Board

Utah Geological and Mineral Survey
Terra Tek, Inc.

PROJECT OBJECTIVE: To demonstrate the economic and technical viability
- of using a low temperature geothermal resource in a
variety of direct applications at the Utah State Prison.

LOCATION DESCRIPTION: Utah State Prison (near Draper, Utah)
. 16 miles (25 km) south of Salt Lake City
Population: 5500 (Draper) 560,700 (Salt Lake County)
Area Activities: Mining, Yight manufacturing and
: agricultiure

RESOURCE "DATA:

. Well Depth (300 m) proposed ‘
Date Complete: To be drilled ih the Spring, 1981
Completion Technique: Not applicable
_ Wellhead Temperature: 160-190°F (71-87°C) estimated
~ Flowrate:r 600 gpm (37 1/s) desired for peaking
" Summary: The Utah State Prison is located adjacent to Crystal Hot
Springs. This spring area has a maximum measured discharge
temperature of 176°F (80°C) and.surface discharge of
. approximately 640 gpm (35 1/s). A shallow well drilled by
Utah Roses in the hot springs area has a reported flowrate
of 198 gpm (12.5 1/s) at 192°F (89°C).

SYSTEM FEATURES:

Application: Space and wateg heating

‘Heatload (Design): 4.3 x 107 Btu/hr (1.45 MW) estimated
Yearly Utilizaton (Maximum): 18.54 x 10 Btu/yr (.62 MW-Yr) estimated
Energy Replaced: Natural gas - 18 x 10" cu. ft -

. Facility Description:

« The minimum security cellblock of the Utah State

- ) Prison.

‘Disposal Method: Injection well.
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Utah State Pvison (cont'd)

Summary: The project is designed to provide geotherma)l space and water
héating systems for the minimum security block of the prison.
Future expansion of the project may include the extension of
these services to other buildings, as well as the use of the
thermal water for a variety of other direct applications at
the prison dairy and s]aughterhouse

STATUS:

The project is preésently approaching the end of Phase 1 - Resource
Assessment. The following tasks have been completed:

1)  environmental report (conditinally approved)

2) gravity and aeromagnetic, data collection and
initial interpretation

3) test drilling program

The. following tasks are presently in progress:
1)  spring monitoring progiam
2) feservoir testing

CURRENT ESTIMATED
PROJECT COST;

Total: $637,326
DOE Share: $458,704 Participant Share: $178,622
72% 28%

LESSONS LEARNED:

1) Detailed gravity surveys can provide important struc-
tural . ihformation in the immediate vicinity of thermal systems of
the Basin ahd Range province.

2) The reservoir of the Crystal Hot Spring system:

a) consists of highly fractured quartzite

b) ~ is bound by two normal range-Front Faults

¢) is capped by relatively impermeable sediments and
further sealed at the top of the reservoir by the de-
position of calcium carbonate, and

d) s under pressures of 5 to 10 psi.

3) Results of the detailed gravity survey suggest the poss1b1l1ty
of a reservoir of greater lateral extent than previously known.

(34)
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PROJECT TITLE

.PRINCTPAL INVESTIGATOR

PROJECT TEAM

PROJECT DESCRIPTION

SUSANVILLE GEQTHERMAL ENERGY PROJECT
PHILIP A. EDWARDES

AERQJET (Design)
Carl Schwarzer
Ken Unmack

GEOTHERMEX, INC. (Resource Engineers)

Subir Sanyal
Jim McNitt
Carol Peterson

KOEPF & LANGE, INC. (Engineering)
Monte Koepf

LAHONTAN, INC.

(Technical Support and Construction Management)
Fred Longyear
Peter Klaussen

A field demonstration utilizing a low temperature (165°F) geothermal resource
for the space heating of 14 public buildings. Cascaded fluids to be utilized
in an agri-industry Park of Commerce for economic development purposes.

LOCATION DESCRIPTION

The City of Susanville is located in Northeastern California at the base of the

Sierra Nevada Mountains.

The City has a population of 6500, is at an elevation

of 4300 feet and forms the seat for Lassen County.

RESOURCE DATA
Well Depth - 950 feet

Date Completed - 10 Noyember 1980

Completion Technique - Rotary Air Drill

Wellhead Temperature - 165°F%

Flowrate - expected to be in the 300 - 500 gpm range

Cost - $120,000

Well Name/Description - Susan I
Drilling Contractor - The Water Development Corporation, Woodland, CA
Well Size - Nominal 18" to 540', 12" to 950'
Casing Sizes - 12" cemented solid casing-to 350'
12" slotted casing to 540'
8" slotted casing to 950'
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DRILLING SUMMARY
Drilling was commenced on October 14 and completed by November 5, 1980.

Considerable problems were encountered in the first 75 feet of drilling which
was in the main through old river bed consisting of fine gravel through to
rocks the size of a football. Due to the instability of this zone, a "grapel"
was used at various stages to extract the larger rocks.

75 - 235 feet - consisted of volcanics and ash and was relatively fast dri]Ting.

235 - 250 feet - mainly ash that caused considerable caving problems. This cav-
ing occurred having reached the 500 foot zone. An attempt was made to stabilize
the caving by continual circulations in the caving zone. This effort failed, so

a cement plug was formed in this zone; and after partial set, was drilled through.
The caving ceased until the 300 foot zone was reached when it started again.
However, it stabilized after approximately 3 hours.

250 - 800 feet - consisted of volcanics, ash and basalts - medium to fast drilling.
300 - 950 feet - consisted of volcanics, ash and basalts - slow to medium drilling.
LOGGING

Logging was undertaken at 820 feet due to some mild caving from the surface zones.
Logs were taken according to the following Logging Plan:

Procedure Just1f1cat10n
Immediately after drilling, run a Need for absolute temperature is obvious.
combination differential and abso- Differential temperature log will show us
lute temperature log. the anomalous zones due to fracture,
- lithology or water quality changes.
Run electrical log (SP, 16 in. For correlation, detection of fractures
normal, 64 in. normal, detailed). - (if possible), location of sedimentary/
volcanic contacts.
Run radioactive log (gamma ray Correlation, qualitative estimates of
and neutron). porosity, possibly sedimentary/volcanic
contacts.
Run 4-arm caliper log and Fracture detection, possibly indication
run 3-arm caliper log. of lithology changes.
Wait for 6 hours. ' To allow temperature build-up.
Run combination differential and Same as in #1. Will allow use of
absolute temperature log. temperature build-up information.
Inject water in the well to achieve The spinner will allow detection of
at least 100 gpm rate. If not fractured zones. At least 100 gpm 1is
possible, increase the head by required to ensure proper operation of
placing a surface casing on the the spinner.

well. If possible, use a pump.
Run spinner log.
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SUMMARY OF WELL DRILLING AND LOGGING

The well drilling program was considerably enhanced by having a temperature
gradient hole to a depth of 818 feet 10 feet from the production well site
(Suzy 9A) which allowed the driller a preview of the type of drilling to be
expected. )

Suzy 9A was temperature monitored throughout the drilling program and was
extremely useful for the purpose of identifying possible production zones
as temperatures changed during the course of drilling and circulation in
the Susan I well.

Considerable water losses occurred from approximately 350 feet to 380 feet and
water was added at the rate of approximately 50 gpm throughout the drilling
program. Some evidence of water gain was evidenced at the 800 foot level for

a short period. Due to make-up water at 40°F being added throughout the drill-
ing operation, return fluids from the drilling operation did not reflect down
hole temperatures. No additives were utilized to stem the water loss during
drilling thus minimizing damage to potential flow zones.

The contractors, The Water Development Corporation of Woodland, California,
should be complimented on the high degree of professionalism that prevailed
throughout the contract period. Equipment was in excellent condition and
no delays were caused through lack of backup support from their head office.
Materials required to complete the program were always on site well before
they were needed.

STATUS

Construction packages are being advertised and program completion is projected
for June-August 1981.

CURRENT ESTIMATED PROJECT COST
TOTAL: $2,039,499.
DOE SHARE: $2,011,187. PARTICIPANT SHARE: $28,312.

LESSONS LEARNED

Well Drilling - Considerable fear of bidding for geothermal production yells
by the drilling industry. Greater education is necessary to separate high
temperature well drilling problems from low temperature operations.

Large diameter holes limit the number of capable drillers able to respond to
bid notices.
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Procedure Justification

If the spinner 10g has not run well, The spinner may not run well if either
continue water injection for 4 hours, ‘the flow rate is less than 100 gpm or
re-run combination differential and due to unforeseen mechanical problems.
abso1ute temperature log. Then temperdture log preceded by further

cooling due to water injection may allow
fracture detection.

Based on an on-site interpretation of the logs, the decision was made to solid
case to 355 feet. The logs clearly indicated the magor flow to be in the 355
to 380 foot zone at an estimated temperature of 162° F. Other flow zones were

identified at: 420! - 480" estimated temperature 170°F
. 530' - 620" 178°F
630" - 640' " " 178°F

760' - 780" : 179°F

9]5‘ - 950 1 mll n ]BOOF+

' SYSTEM: FEATURES:

Application Space heating, cascading effluent fluids of 120°F
through an agri-industry Park of Commerce

Heatlcad (Design) (14 Buildings) 8;241,000 btu (549'ga]1ons/minute)

Yearly'Utilﬁzatibﬂ (Maximum) 15,930 mbtu
Energy Replaced (Type/Amount) Approximately 142,000 gallons-oil per year
Facility Deséription - The Public buildings consist of: County Courthouse and Jail
o : _Washington School
Lassen High School

Veterans Memorial Building
City Fire Hall .

Disposal Method . Until water samples have been analyzed, no final decision
| will be taken on disposal methods. The following methods
have been identified by the Water Quality Control Board
as being possible:
T) Injection {worst case)
2) Agricultural use
3} Wild fow! habitat
4) Recreational purposes
) 5) Introduction into the City water system to enhance
i the ambiéent temperature of water supp11ed to
o residences in winter months
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The type of contract to "let" is probably the most difficult decision to make.
. The City does not regret the decision ‘to place a fixed-price contract under
‘the conditions that were anticipated for Susan I well. wWhere no hard rock
dr1111ng is ant1C1pated other options could result in. a cheaper well.

It is extremely difficult to time-plan a program until. well development and
well ‘production testing has been completed. The necessity of a well=plannéd
logg1ng program cannot be over emphasized. . I would recommend a close inter-
‘face with contracted loggers prior to contract signing to ensure availability
of all logging tools and capability of equipment. .

No two geologists w111 dgree on the 1nterpretat10n of logs obtained.. Be
prepared to make final decision on the flip of a coin for best results.
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PROJECT TITLE: Boisé City - A Field Experiment in Space Heating

PRINCIPAL INVESTIGATOR:. Phil Hanson, Director, Boise Geothermal
‘ (208) '384-4013 ‘

PROJECT TEAM: Boise:tify ,
' , Boise Warm Springs Water District
CHZM Hi11 Engineers

PROJECT OBJECTIVE: To develop a geothermal space heating system to serve
T the. Jargest possible market in and around the Boise
central business district.

LOCATION DESCRIPTION: Boise, Idaha
: o Population: 111,100
Area Activities: Commercial, government, and
iR manufacturing center .

RESOURCE DATA:
a) Existing Boise Warm Springs Water District (BWSWD) Wells No. ) and 2:

Well Depth: 400 ft (122 m)
Date Compléte: 1890
- Completion Technique:r Open Hole
Wellhead Temperature: 170°F (76°C)
, Flowrate: 1700 gpin (107 2/s) combined flow of wells No. 1 and 2
b) MNew Wells (Boise City No. 1 and 2, BWSWD No. 3)

Well Depth: Boise City No. 1 and No. 2 - 1000-1500 ft (305-457 m)
' - BWSWD No. 3 - 500 ft (152 m)

~ Date :Gomplete: To be drilled Wintér 1980-81
Completion Tachnique: Stetted Liner or Screen
Wellhead Temperature: 170°F (76°C) estimated

Flowrate: BWSWD No. 3 = 1000 gpm (63 z/s) estimated

« . Boise City No. 1 and No. 2 = 1000 gpm (53 2/s)

o . _ esttmated per well

¢} Summary:
The resource area is commonly referred to as the Boise Front.
This appears ‘tc be fault controlled, with the source of water
be1ng the annual runoff in the mountains immediately behind
Boise City. Two wells presently servé the existing BWSWD system
and provide a peak flow rate of approximately 1,700 gpm (107 ¢/s).
A third well developed under the current progect is expected: to
increase that. flow by 1000 gpm (63 £/s). Preliminary planning. for
the city system has been for two 1000 gpm wells. Ultimate flow

rates will depend upon further -geology work and testing to be done
_{dur1ng the dr1111ng of the first wells.
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SYSTTM _FEATURES: |

Applicationt Di&frlct fleating v

Heatldad tDesugn), 1 % 108 Btu/hour (?9 3 Mw)

Yearly UtiVization (Maximum): 2 1011 Bru/year: (s 7 Md-Yr)
'Energy'ﬂép}ated: Natural .gas - 2.92 X 108 cu, ft

faci?ity Description: 500-1000 residences and T off1ce bu11d1nqs

D1sposa] Méthod: Alternatives presentiy under revlew Dtsposa1.to ‘Boise
: River is presently preferred method

Surmma ry ¢ The proposed Boise City and PWSWD systems w11! utilize the 1oca1
geothernal resource, as described above. Production wells for
the city systen w111 be located approximately 1.5 miles (2.4 km)
from the primary load located in downtown Boise. The pipeline will
be sized for 4,000 gom (250 1/s) to allow for future growth, al-
though initial production capacity is expected to be appr0x1mately

2,000 gpm (126 1/s). The BWSWD pipetine will be s1zed for 3,000
qpm (189 1/s).

STATUS:

Envirenmental report '; . 'éomp1et9d
Geology data review o ~ compléted
Well siting report- . -cbmpleted
Preliminary system design : c0mp1eted
Market-&-rate study - | completed
'dustqmer confirmation ' - : due:12/80
BWSWD well specifications , . completed.

. Boise City well ngCﬁficatﬁphS " completed
‘Wéste'diﬁposa]jrenort - completed (draft:)
Ori1ling fund .and leasg ‘ conpléted . ‘
DFiTl BHSWD well #37 -~ o due: 10/80
Drill Boise City well #1 © due: 12/8)

OriT1 Boise City well #2 duer  3/81°
Fina) design of BWSWD system . . due:  2/8]

Final des1qn of Roise City system . due: 5/81-
Construct1on of BWSWD ektended system ' - due: 11/81 |

Construction of Beoise City system due: 2782
PROJECT COST: . | B

TutaT: .$z,sb&;3ﬂ0' - o .

Dok share: “ $4,226,000  Participant share: 531332;090
LESSONS. LEARNED | -

The area assigned to me .is "1nst1tut1ona1“ with d1rect10n to. discuss problems
and resolutions gver the past six months. ‘Unfortunately, the institutienal
dssues in Boise wwth which we have had to deal date to at Ieast 1975 Since
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thése issues have acaguirved many Yayers of political, legal, and organizational
fact and opinion I wild s1mp1y defirie the problem for you, describe the form

- which our resolution of it took, and try to leave you with some qeneral time

houndarins.

1.

Problem: The State of Idaho began working with geothermal, as a heat
source their buildings, about 1974. In 1978 they connected a 34,000 foot
office building to the historic Warm Springs system. Other of the1r
activities resulted in a $190,000 budget td retrofit buildings in the
downtown Gapital Mall area, and a $105,000 budget to drill an exploratory
well. The exploratary we?? was to be dr]]led déwntown, on state property,

to a target depth of 2,200'. The product of the well was to be used to
heat major state bu11d1nus which were also candidates for the planned

Boise Geothernial system The well was to have been compléted in June 1980
but it was comp]eted in Noveimber. The problem resu}t1ng from these c¢cir-
cumstances was our need to khow the States mind so that we could desian

a delivery/disposal system that either did or did npt include the state

buildings..

Resolution: Time heals all wounds, almost. Our schedule due to funding
romm1ttments, product approval, and task delay slipped so that the states
decision "window will be close to ours., Unfortunately, the decision al-
ternatives ‘they face have very différent impacts on our project. The

dec1swon opt10ns are:

a. Connect their buildings to our distribution and d1s—
posal system.
b. Connect their buildings only to ocur d1suosa1 system
¢. Have no interface with their buildings.
Their five buildings have a heat load of approximately 14. 2 X 108 Btu/

“hour wh1ch would require about 600 .gpm. out of pur: fnitial product10n
.goaT of 2,000 gom.-

Problem: Qur original project was proposed to be about $9. 5 million but

. DoE offered to providé only $4.9 million. This necessitated that the pro-
‘. ject be cut back and at the same time some additional funds were raised fror
“EDA and the City. The end result was about $5.5 million available to the

proeject. The problem is when pre11m1nary engineerina est1mates were com-.
pleted we needed a total of $8.3 million, or $2.8 m1111on more than we had,

and the City did not have that kind of funds rior was the City Counéil, be-

. cause of ‘the 1% initiative, willing to try raising that amount throuqh )
. bonds or other conventional financial mechanisms available to cities. THis
" problei was fFurther complicated by DoE wishing to cut about $700,000 more

our of their nr1q1na1 commlttment

) Reso?utxon The' Bowse Warm Springs Water D1str1ct comm1tted $625, 000 to-
ward the $2.7 million of which they have 0b11gated and spent.about $265,000
.on new piping. The balance was raised through an LID to serve the CBD mail”
warea ($300, 000} and 2 drilling fund of about $2 million to develope produc- .
‘tion wellg. THis resolution has raised the spectre of ahother problem, '

1.e. the dr1}11nq fund being private cap1ta] will increase the price per
therm of delivered energy even though it enjoys the benef1t of assuming

. total risk of failure in drilling for water of theé r1ght temperature and
_ quantity. The proposed cut of $700,000 in'DoE funds: is not yet resolved.

Problem: The Bo1se Geothermal progect is a joint effort of Boise. Warm
'Spr1ngs Water District, a special utility district of the State, and Boise
City & municipality. These two governments are tota11y separate .and inde-
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pendent :entitics. They are suff1c1ent1y chary of- each othersso that. 1nv -
working on- this jeint project.they have not wanted to relinquish any of

" their individual authorities to a common venture. Thé problem has been

to- determ1ne how to make a two headed organization work

Resolution: The. basic prob]ems created by this dichotomous 51tuat1on
tdn not bé tota??y reso?ved ‘The resolution has involved a number of
approdches. .
a. Develope an agreement to define ground ‘ryles for in-
teraction between the governments. This agreement -
helped to c1ar1fy ‘the relat1onsh1ps but has no Teqa1
" force and effect.
'H.. Establish an Executive Committee with members drawn
equally (tota] of four) from BWSWD and the City. THis
Committee reviews. all activity and refers decisions, as
appropriate, either to the Bo1se City Councii or BUSWD
Board.

. Problem: The withdrawal of large volumes of water in other parts of the
U.5. has requlfed in préblens of subsidence and: interference. The geolo-
gical engineéring solytioh to this problem is to develope a mon\torwng oroqra
- _to track changes of ground or water levels. This solution s straight-
: forward but costly. The institutional problem created is one of finding
. sgmeone to assume technica) and financial responsibility for fonitoring.

The City believes the State should assume this rpsponsxb111ty, and vice
Vversa. \ v

Resolution:. The only .action taken so far’ is toward a partial resolution

of the prob1em ‘The state does not want to assume respon51b111ty because
they do not have suffcient financial resources for the purpose {up to
$500,000 may be required)}. The absence of some monitoring system poses.

the future thredt of litigation over interference. or subsidence, and if
that occa51on shouId arise it is ¢ritical to have baseline data. The
act1on taken by Boise Geothermal is part1a1 in the sense that we are arr-
ahging monitering. equ1pment to be installed on those wells now in existénce
and over which we have ‘some contro? as well as those we are contemplating .
drilling in near future. If a comp?ete program would really cost a half
million doTlars then our level of effort will be 2 very small fraction of
that amount.

. PrOthm We vwill be produc1nn up to 4,000 gpm in the initial phase of our
pro19ct which means, after use, we must provide for disposal of this -amount.
Al1 of the optiens for disposal are:under the regqulatory authority of the
Department of Hater Resources, the federal EPA, State Health. & Welfare,

the Corps: of Engineers, or/and the Bureau of Lands The preferred disposal
option s to return wasté water to the river. In this case Health & Wel-
fare and EPA would have principal respons1b1]1ty EPA requires preparation
of an MPDES but, since the volume of water 'is sma11 by their standards;
théy will not be- 1ssu1ng a permit.: On the other land Health & Welfare will
oniy grant permission for d1sposaT of a limited guantity for an indetermin-
- ate periocd of time. The problem s that we will have permission to dxspose -
of some quantity vevocable at.any twme

Resolution: This problem is not yet resolved but we are pTann1ng some
,method perhaps a -contract, that will give us dfscharqe permission for, hope-
fully, & 1arqe fraction of the planned useful life of 'the’ system. This for-
malized permission will be required before we invest large amounts of money
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6.

' hurying ;:'J;m"}' in the tmund

Problem:  The usé of a we!} dr1111nq fund is5 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 comm-
1ttments, by bu11d1nq owners to purchase the water but building owners will
not make committments until they know the delivered price of the water.
These pr1ces cannot be finally determined 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 dritling fund raises money

Resolution: The needed; committments are being acquired in stages,
' o a. A pre11m1nary connection agreement has been prepared for

' signature. by bu11d1ng owners. It provides the owners
with a maximum price for the water and the dr1111ng fund
with a preliminary committment that can be used to raise
funds for well dr1111nq The ]ocat10n 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-
ceived a final connection agreement will be s1gned by
building owhers that specifies -a definite price per
therm. This will be backed up by a geothermal service
_ordinance.
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PROJEET TITLE: Multiple Use 6f Geothermal Energy
’ at Moana KGRA

PRINICPAL INVESTIGATOR: ODr. David J. Atkinson, President
) " Hydrothermal Energy Corporation-
(702) 323-2306; (213) 464-6446

PROJECT TEAM:

4-Hydr0thermal Energy Corporation, Déveloper and

. Heat Supplier .

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

- W.L. McDonald & Sons, Drilling '

A‘Global Geothermal Technologies Inc., Drilling
Supervision o

- Elliot Zais & Associates, Well Testing

PROJECT DESCRIPTION.:

For several tens of years, the hot groundwatér of the
Moana KGRA has been used in southwest Reno for small-
scale heating projects in homes and a few apartments and
motels,

Our. project involves using these thermal waters in a
, district heating System supplying space and water heating
" needs in condominium dnd apartment buildings, an office
buiiding, and a school.

After space and water heating needs are handled, we
shall add whichever auxiliary uses prove most fea51b1e,
to more fully use the available heat, and to aid in
disposal of spent geothermal waters.

[LOCATION DESCRIPTION:

The site of the project is in a small section of south-
west Reno bétween Plumb Lane and Moana Lane to north and
south, and between South Virginia and Piumas to east and
west.

RESOURCE. DATA:

The first well has not yet been completed.

SYSTEM FEATURES:

Application:

Space and water heating of condominiums and apartments,
a school and an office building,
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Heatload (Design), estimated:

Yearly Utilization (therms):

Annually 30 Year Project Life
Salem Plaza Condominiums: 156, 000 4,680,000
Country. Club Villas: 36,000 1,080,000
Anderson Elementary School: 31,000 930,000
Nevada National Bank 21,000 630,000
"TOTAL 244,000 7,320 ,000

‘3,500,000 BTU/HR.

Energy Replaced:

The bulk of the fossil fuel energy replaced will be natural
gas, amounting to about 732,000, 000,000 BTU's over the thirty
year life of the project., About 93,000,000,000 BTU's of fuel oil
will also be replaced. ~

Facility Description:

Saled Plaza is a 150-umit condominium complex, with a swimming
pool. In both of the large L-shaped buildings that make up the
complex, heating of space and water involves a single open-loop
system that supplies domestic hot water and provides heat to
forced-air systems in each unit. Theé two roof-mounted boilers
are natural gas fired,

Country Club Villas consists of 51 ‘apartments arrangéd around
a central recreaticnal area with a pool. Space heating is handled
by a closed-loop system independent of the system that supplies
domestic hot water. A third system heats the pool., All three
systems are fired by natural gas, ‘

Anderson School is a year-round elementary school, which
“u5es a large oil- fired boiler rurning oh #5 fuel oil,

_ The office building is a twofsfory structure with a natural
gas fired heating system mounted on the roof.

_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..

Alternatives include surface: disposal by various methods, and
relnjectlon .
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Summary:

The project involves retrofitting a condominium complex,
an apartment complex, a school, and an office building.

The first production well is about to be drilled at the east
"edge of the Salem Plaza property.

Buried, insulated pipelines will carry the geothermal fluid
to and from the existing boiler facilities in the various buildings,
which will be retro-fitted with plate-type heat exchangers.

 Disposal may be at surface or by reinjection. Additional use
of available heat will involve whichever auxiliary applications
prove most feasible after the space and water heating systems are
operating. ' :

STATUS: .

Environmental clearance for the project has been given by DOE,
and we have been granted our applications for water rights in
the avea by the Nevada State Engineer.

The ‘first well site has been selected in the eastern part of the

Salem .Plaza property, and the site selection has been approved by  ~
DOE and its consultants. A revised version of our well teésting

plan for the first well is required to meet the reviewing group's
Teconmendations..

As a result of this review process relative. to the first well,
we have changed the well design. We are submitting a proposcl
asking for approval of these changes and the effect.they would
have on the budget.

I preparation for the start of drilling we have handled all the
othef necessary steps, including filing the notice of intent to
drill.

Preliminaty design work om the heating systems, and the retrofitting
and transmission systems is complete. The final design can be
completed as soon as the first well gives us the temperature, :
depth, and chemical composition of the geothermal fluid we shall be
using.

CURRENT ESTIMATED PROJECT COST! Total: $982,667

LESSONS LEARNED:

By virtue of our work in changing the project site, we have. '
learned an énofmous amount about the practical aspects of marketing
geothérmal énergy to the public, and continue to do so. Some

of these lessoris wete discussed in detail in an earlier Teport.
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Since ‘that time the impértance of broad-scale public educatlon
about geothermal energy has become even clearer,

Ih recent surveys we have dong,of about, one thousand lorg-time

' residents of Reno, where gedthermal energy has been used directly
for fifty years, we still found that 77% consider they know little
or nothing about geothermal enmergy. Fortunately, of those giving
their viewpoints, 89% approve or strongly approve of geothermal
development. The majority view it as a cheap, clean and available
resource that should be used, with only 26% aware of -emy drawbacks..
Of ‘the drawbacks, high development cost is seen as the most
51gn1f1cant. The public's perception of barriers to development
again puts high initial cost as the most important factor, followed
by the utilities, tHe large oil companies, the government, and
public ignorance.

In Reno, (and this reaction is probably typical) the overwhelming
wish is for geothermal energy to provide a reduction in fuel bills
(79% naméd this as the most importdnt potential benefit to them of
geothermal ‘development).

Recently, the local utllity has raised prices for natural gas by
89%, and another large rise is plamned for January 1981. This
accounts for much of the emphasis on price benefits of geothermal
energy.

Our project has been arousing much interest locally, with at least
six developments now allowing for geothermal retrofitting in
thelr future plans, if our demonstration dis successful. Two
private homeowner groups have been looking at the posszblllty of
small district heating schemes.

Most. of those. who have expressed. interest have 1nd1cated that

they are awaiting the outcome of our project ot decide whether
to proceed with geothermal development.

.D¥. David J. Atkinson
Hydrothermal Energy Corporation
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EL CENTRO
GEOTHERMAL ENERGY UTILITY CORE
FIELD EXPERIMENT

Principal Investigator: George S. Parker
| City Manager
City of El Centro

Projec‘i Team: =~ City of El Centro, WESTEC Services, Ine., Chevron Resources |
1.0 PROJECT DESCRIPTION

The City of El Centro is proposing the development of 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) which will be
utilizéd direetly or processed through an absorption chiller, to provide space condi-
'ti'c-nn{g and water heating for the El Centro Community Center, a publie recreational
facility.
2.0 LOCATION DESCRIPTION

' The proposed pilot seale facility is located ¢h a 2.75 acre (1.1 hectares) parcel
of vaeant land owned by the Imperial Irrigation Distriet. It is ppr.t of a mich larger
parcel of ID land  within the northeastern corner of the City of El Centro (see Fig-
‘'uré 1). The El Centro Community Center is located approximately one-half mile south
of the proposed well site.
3.0 - RESOURCE DATA ‘

The geothermal resources of the ‘Imper'ial Va‘lley are incorporated into six

Known Geothermal Resource Areas (KGRAs): Selton Sea, Brawley, Heber, East' Mesa,
Dunes, and Glamis. Four of the KGRAs have been drilled and are ‘considered to be
economically viable: Salton. Sea, Heber, East Mesa, and Brawley. The geothermal
_reservoir. which is the energy 'sou-t-ce for the El Centro field experiment is located on
the penphery of the 13.5 sq m (35 sq km) Héber KGRA, which is estimated to contam

12.4 pereent of the Imperial Valley's total geothermal resources.
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" The geothermal production well will be drilled to ‘approximately 8500 feet
. (2580 m), a-depth at which it is highly probable that 250F (121C) brine will be. found in
the absence of geothermal anomalies This depth was chosen based on gathered data
mterpreted by Chevron Resources and Eugene V. Ciancanelli of Cascadla Exploration.
The actual target depth will be set after analyzing temperature data obtained during
the drilling of the 4000 £t (1219 m} injection well, whieh will be drilled first.

The geothermal production well will be completed with a.slotted liner as this
is the most ecommxeaﬂy advantageous completion technique available for this partie-
ular we].l It 13 expected that this well will be capeble of flowing up to 730-gpm, though
the downwell geothermal productxon pump will be sized for a considerably smaller pro-
diietion output based on system economics.

. ‘'The contract for drilling the well is currently out for bid with drilling expected
to commence in January
4.0 - SYSTEM FEATURFS

Heat extracted from the geathermal brine mll he used to operate a packaged
]ithium bromide absorption chiller to provide chilled clean working fluid (water) for
space cooling, or to dii‘éctly heat the working fluid for space heating and domestie hot
water nieeds, depending on seasonal space conditioning- requu-ements |

' A total of approximately 6.02 x 108 Btu/yr of energy presently consumed by-
the 'El;Centro Community Center is potentially replaceable by geothermal energy. For
this demonstration, the geothermal hot/chilled water plant will be sized to handle
apprommately 97 percent of this ahnual load. This means that approximately
2.0 x 10 cubic feet of natural gas and 8.7 X 104 kilowatt hours of electricity will be
. replaced each year by géothermal energy.

After the usable heat has been removed from the geothermal brine, it will be
disposed of by pumping the fluid down a 4000-foot deep injection well into & shallow,
comparatively cool geothermal region. '
© 3.0 SI‘ATUS

Durmg thé past six’ months, final permits:for weﬂ drﬂlmg, mcluding the permit
issued by the California Dw;smn of Qil aqd Gas;,; were obtained. Permission was.
received from Southern Pacific Railroad for utilizing a portion of its right-of-way for
an ACCcess road to the -well site and also to use a storm drain which lies beneath portions

of Southem Pacifie property for & plpe TUn.-

©(54)



PROJECT TITLE: KELLEY 1HOT SPRING GEQTHLRMAL PROJECT -
' Kelley Hot Spring Agricultural Centér Preliminary Destgn

PRINCIPAL INVESTIGATOR: Alfred B. Longyear

PROJECT TEAM: Geothermal Power Corp., Prime Contractor - Frank G. Metcalfe,
President and Program Manager; Lahontan, Inc. - A. B. longyear, P.I.,
Peter Klaussen, Construction Manager; Ecoview - James A, Neiison, Environ-
mental Assessment; Agricultural Growth Industries, Inc. - Richard H. Matherson,
Agriscience; International Engineerihgfco. - Sam F. Fogleman, Leonard A. Fisher,
. LAFCO, Systems Engineering; Coopers & Lybrand - William R, Brink, Market and
ECQnUmTGS-hSSESSmeht.

PROJEQT'DESCRIPTION: A new 1,360 sow, totally confiped, environment controlled

swine raising complex is being designed to utilize geothermal direct heat
for space heating and process energy. The complex will produce over 29,000
Tive swine per year to be trucked to slaughter in Modesto, California. The
complex includes a feed mill, "farrow-to-finish” swine»naising facilities
and: a waste management facility to process animal wastes to produce methane.
The space heat1ng will displace 350,000 gallons of fuel ofl per year and the
generatTon of methane will displace an additional 300 s000 gallons of fuel
ail per year,

LOCATION DESCRIPTION: The Project is located near Kelley Hot Spring, Modoc County,
California. The site is about one (1) mile north of State Route 299, fourteen
(14) miles west of Alturas and four (4) miles edst of Canby. The site is on
bench Tand above the Pit River - composed mostly of low y1e1d range Tand.
‘State Route 299 is an all weather truck route (E-W} between Alturas and Redding.
Itfconnects with US395 (N-S) at Alturas and I-5 (N-S) at- Redding. The Southern
Pacific Railroad crosses State Route 299 near Canby.

- RESQURCE. DATA: «
Well Depth:  GRI #T (near Kelley H.S.) 3,200 ft.-
. KHS #1 (1-1/2 mi. east.of GRI #1) 3,396 ft.
Date Completed: GRI #1 in 1969; KHS #1 in 1974.
Completion Technique: Uncased exploration wells
WeTlhead Temperature: Unpumped; Bottom Hole Temperatures:
| GRI #1 = 110°C (230°F); KHS #1 = 115°C (239°F).
Flowrate: Unpumped test wells
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Pagu 2
RESOURCL DATA: (continued) .
Summary: The geology, high heat flow, similar lithology in the twa test
‘wells, temperature gradients in the test wells, plus the chemistry,
large flow and boiling temperature of Kelley Hot Spring, indicate a
reservoir on the order of 2,000 ft, thick by four square miles, with a
minimum estimate of heat in the fluid on the order of 6.73 x"!OT6 calories,
(not including additional heat by conduction). The system is designed
for a flow rate of 325 gallons/min., peak, at 98°C (208°F). Over a thirty
(30) year plant 1ife, less than 1% of the reservoir would be utilized for
: this first application.

SYSTEM FEATURES: .

' Application: A single well will be drilled to supply 325 gpm at 98°C (208°F)
to the complex, Heat will be transferred through heat exchangers for
space heating and process energy. The manure Sturry is heated through a
tube 'and shell heat exchanger, and processed in an anaercbic digester.

* Heatload (Design): |
Twelve Swine Buildings: 7,718,000 Btuh (peak)

Metharie Fermeritation: 1,960,000 Btub (peak)
Totals 9,678,000 Btuh {peak}

10 Btu

Yearly Utilization (Maximum): 4.8 x 10
Energy Replaced: | '
Space Heating and Process Energy: 350,000 gal/yr, fuel o1l
Methané Generation (Equiva1ent): 300,000 ga1/y%; fual o1}
Total 650,000 gal/yr.. fuel oi)
Note that this is a new facility and not a retrofit.

Facility Déscfiption: The swine raising buildings have all concrete floors
witﬁ sunken gutters that are flushed several times each day. The gutters
are covered with slats. The pen shape plus the natural cleanliness of the
animals causes waste elimination in the slatted gutter area. The buildings
are pre-engineered, metal, one story structures with R-23 insulation in
walls and ceilings. Incoming air passes over a double row of finned
tubing Tocated in the ceiling air inlet. Summer cooling s accomplished
with evaporative pads located in the air plenum in the attics of the
bui1d1ngs. Air is pumped out of each room by exterior wall-mounted fans
that are thermostatically controlled. In addition, the farrowing and
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Pagé 3

SYSTEM FEATURES: ({continued)

Facility Description: (continued)

nursery building floors contain radiant heating pipes in the piglet areas
only. The piglet areas requ{re.up to 90°F and the immediate adjacent sow
areas require 65 + 5°F. To assure minimum maintenance/maxiium reliability,

' the radiant heating utilize$ a fresh water loop, receiving geothermal heat

through a heat exchanger. A stand-by boiler (water heater} will furnish
emergency heat to the piglets. The adult animals need no emergency heat.
Humidity moisture must be controlled in all areas by air exchange once
every 2 to 8 minutes, depending on cooling or heating mode and animal age
and function. Emergency power will be available to run fans and operate
pumps .

The feed mill has space conditioning for operator comfort and for sprouted
grain production. The mill produces on the order of seven (7) different
feed formulas for a total of 357 tons/day.

A1l animal wastes are flushed separately from each voom, as a 75% water
sturry, through a closed sewer system to-.an. anaerobic digester. Thermo-
phillic bacteria at 131°F are utilized to convert the 71 tons/day of

slurry to 105,000 scf of methane plus other gases. €O, and H,S -are scrubbed
and the c¢leaned methane is piped to the facility boundary for use by the

'utﬁ]ity company to generate electricity. About 400KW continuous power

can be generated. The facility buys electricity from the utility at an
average demand of 560KW and a peak-demand of 750KW. The digéster by-products
are essentially sterilized fertilizer (1,400 ffsfday) and agricultural
quality water (5+ gpm). This water 1s recycled for manure flushing in

some of the swine facilities. The farrowing and nursery facilities are -

“flushed with frékh water,

Disposal Methods:ﬁ The surplus agricultural waste water will be disposed of

‘in. accordance with 10taT"regu1ations {overland drainage or spray irrigation).

4Residua1 geothermal fluids will be utilized for flush makeup and any surplus
Will be disposed of by overland drainage or spray irrigation. If unacceptable

constituents are found in these Ffluids, a re-injection well will be drilled
and utilized. '
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Page 4
SYSTEM_FEATURES: (continued)

§ummargﬁ At the preliminary design state, $8.6 million in facilities and
wovkiﬁg_éapita1 (including inflation), will be utf1ized in final design,
construction and the first year of full production by the end of 1983,

. The owner's equity should be returned in 3+ years with an internal rate
of return of 28+%, The facility requires very professional management,
experienced 1n totally confined swinesraﬁsing for the production of
premium pork. This includes a working knowledge of marketing from such
a facility,

The désign'is based upon Scandanavian and European technology as practiced
in the midwest today and adépted to west. coast conditions,
STATUS: The Project has completed criteria development, over 50 trade studies,
a conceptual design and conceptual economic assessment, a preliminary design,
construction plan and economic assessment and an environmental assessment.
This comprisés Phase I of the Project. The final design and construction
phase is dependent upon final agreeﬁents for the private share. As a part of
this latter effort, thefseleétion of professional staff will be required.

CURRENT ESTIMATED PROJECT COST:

Total: $9,099,729 _
DOE Share: Participant Share:

Phase I  $473,303 Phase 1  $41,426
Phase I1  $1,344,000 ' Phase II'  $7,241,000

LESSONS LEARNED:

1. MWherever there is a possibility of historical significance related to
the Project site, such as a hot spring or other surficial evidence of a
geothermal resource, the Project should plan on an archeological field
survey as a first activity. '
2. The phased program with discrete design activity has preéluded considera~
tion of some unique low cost approaches to this livestock complex.
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LESSONS: LEARNED:  (continued)

3.

‘The current. economic climate can jeopardize the final financing of the

Project. The concept was develaped and prdposed in 1977-78, contracted.
in September, 1979, and Phase I studies completed in August, 1980. The

- investmént climate has changed considerably during this period.

The Project i$ in consort with the trends in medium and large size
swine raising practices in the United States. However, being located
in the West, it is best owned and operated as a medium sized facility

- with the necessary flexibility in purchasing .of feed constituents and

marketing of 1ive hogs.

. . The Project is an economic development effort. The geothermal energy

utilization is & strong plus, but the easiest part of the problem.
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PRINCIPAL FLOWS THROUGH KHSAC -

Item

Geotherma?l F]u%d {peak)}

Geq Heat (peak)

Effluent Water (ave.)

Pork Production-Animals (design)
Pork.Productidn;Animals {max)

Pork Production-Weight (design)

~ Methane (design minimum)

_Manure slurry (75% water) (design)
Feed {design)

Fresh Water (design)
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Rate

——

325 gpm
9.68 X 10° Btuh
5.4 gpm
29,353/ year
33,000/ year
6.69 X 10° 1b/year
105 X 10° scf/day
71 ton/day
35.5 ton/day
37,000 gal/day



PROJECT Tlipﬁé Water and Space Heating fot A College 4nd HOSpital by
! Utilizzng Geothermal Energy at Corsicana, Taxas

PRINGIPAL-lNVESTICREOR: C. Paul Green, Director of Inetitutional Development,
Navarro College, Corsicana, Texas

PROJECT TEAM:

-Prlme Contractor Navarro College, Coreicana, hod
Principal Utilizer° Navarro County Memorial Hospital,
S , . Corsicana, TX.

Geothermal Congult-

ing‘Engineers Radian Corporation, Austifi; TX
HVAC Consulting ' . -
Enginéers? Ham-Mer Consulting Engineers,

o ' ‘ Austin, Texas

ﬁrilling Consultant: N: K. Hardgrave, Cor51cana %
Tublng Armco Stesl, Houston TX
Financial: 'Wolens & Ivwin, Coreicena, %

PROJECT DESCRIPTION:

The purpose of this geothermal project is to retrofit a college
student union bu}lding and county hospital space and water hieat-
ing syetems to ise, geothermal energy, thereby reducing thelr
dependence on fossil fuels The geothermal heating system will
supply heat to the domeatic watér aystem, ae well as the forced
air heating and out51de air preheating systems of the college SUB
and hoSpltal At present heat input to these systems i$ accom-
pllshed vie steam provided by low— ressure, natﬁral gas-fired
bollers. These boilers w1ll be nalntalned in place as backup and
augmentation Readlly available commercial piping, PpuULEpS, valves,
controls, fletplate heat exchangers, d 1nsu1atlon will be
utilizéd in the retrofit of the system.

The final phase is a one—year operatlonal demonstretion phaae,
during which potential geothermal users wlll be encouraged: to
visit and observe the geothermal heating system

LOCATION DESGRIPTION:

Navarro College and Navarro County Memorlal Hospltal are located
in Cor51cana, Texas (populatlon 22,300}, approxlmately 45 tiiles
sauth of Dallas.

RESOURCE DATA:

The production well (Well No. 1) is 2664 feet in total depth and
was completed in_ February 1979. The production zone is shot per-
forated in several intervals from 2400 to 2600 feet Well pumping
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tests have produced sustained flow rates of 315 gpm of 125°F
fluid, at about 5900 mg/l (ppm) total dissolved solids, The source
of the heat is faulting assoclated with the Ouachita fold belr,
which outcrops iIn Arkansas and underlies much of ceantral Texas. '
The Woodbine Formation 1is the groundwater reservoir that makes up
the aquifer. Hydraulic interconnection. of deeperaand shallow
formations provided by the Mexia-Talco fault system is the factor
responsible for the area's low-temperature geothermal value,

SYSTEM FEATURES:

Geothermal fluid to be used for water and space heating in the
College Student Unioh Building and the adjacent 150-bed County
Hospital will be supplied by one 2,664 ft. produétion well.
Flat-plate heat exchangers Jocated in each o6f the buildings, will
be used to achievé maximum geothermal heat, utflizatlon and for
ease of cleaning. Geothermal fluids will be maintained in a closed
system So as to control corrosion and scaling phenomena. At
peak winter heating periods, the geothermal heating system will
delive¥ approximately one million Btu/hr to the college's Student
Union Building (SUB), and about 3.5 million Btu/hr to the hospital
water and space heating systems. This load 1s represented by a
fluid temperature drop of about 35°F at 250 gpm. The utilization
of geothermal energy will displace about 7300 million Btu/year
(theoretical) now supplied by natural gas. In addition, energy
conservation methods will result in further savings of approxi-~

.+ ‘mately 9, 000 million Btu/year for a total savipgs of 16,300 million

- Btu/year. The geothermal fluid will be disposed of by injection
into the producing formation via a second well which hds been
completed

STATUS:
Preliminary design efforts are nesring COnpletlon pending results’
of planned additional production/injection well development -and

testing.

CURBENT ESTIMATED PROJECT COST:

The ‘total estimated project ‘cost as currently approved is'§l, 074 860
" with DOE contrlbutlng $861,650 (80%) and the participant and 1ts
benefactors- contrlbutlng $213 210 (20%).

(65)



(99)

_ ;flfn fats W l..-' Hu-Pase

A ’ P

- i
I e Fil it ]
i ]
j i}
Cusyanpo £V} .
ugﬂ‘éﬁmg -‘_» : A htamena
- HOSFTAL &l ] ‘
[;n-_l ) B -
j‘ =. —I' - E h = "l .
o | @anvanns g T B S 8 Sl = | e =
[ Ratie, S e RIS T 0 L 2] |
M - " = " ] At [l g..g .TI - B F p-l - H ;.
[ ‘:n-l-u E » - T ‘i\:"

Angaquuwu’,} '
ENLARGED IN <

. FIGURE 1-3

N '.l‘
|
len
™) I: &
.
)
/71
t-iin
Y
:

b F| lﬁ. ’
Y ¥ o - Gl maml e ol
i - . nE ; ;
- iy 'l l‘ ‘é“ % s /
‘ d 6{" - 7
. R
aui 1 /'/
1'3“' S Ly
i = 4 -
4 9 1 o f—'f.\:“
) A 'y - ’ . .f:’.
1 centimeter = approximately 360 meters ' h R Y

1 inch = approkimately 3,000 feetr’ : —

Figure L. -The Cit& of Corsicana, Texas




ING AV,

APPACKIMATE
SEGTHERMAL
Mg NGUTE

NAVARRD COUNTY'

MEMORIAL

HOSPITAL .

'“lﬂ WIS O

INJEETION

GEDTHEAMAL WELL

WELL

STUBENT
NN
UG

1

=

= N ,
: NAVARAD COLLECE

LS LELk

Figure 2. ‘Location of Wells in Relation to Navarro College
and Navarro County Memorial Hospital (not to

scale)

(67)




KLAMATH FALLS, OREGON
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PROJECT TITLE: KLAMATH FALLS GEOTHERMAL HEATING DISTRICT

PRINCIPAL. INVESTIGATOR: HAROLD DERRAH

PROJECT TEAM: City of Klamath Falls; Balzhiser/Hubbard & Associates, Design
' Engineers; LLC Geothermal Comsultants, Conceptual Design and
Master Planning; Geothermex, Inc., Reservoir Engineering;
Lawrence Berkeley Laboratory, Reservoir Engineerifng; Bruun &
Sorensen, Engineering and Pipe Line Design; Eliot Allen &
Assoclates, Land Use Planning.

PROJECT DESCRIPTION: The project is the first phase development of the Geothermal
Heating District application for use initially within 14 city,
county, state and federal buildings. The project is designed in
size to service an 11 block commercial area with planning being
made for eventual expansion to serve an urban area of 50,000
people. The project is composed of several segments, the first
being the wells which will provide fesotrce from two production
wells and a primary deep heating line of approximately 4400’
in length in concrete conduit to a cential heat exchanger
building whetre two plate heat exchangers transfer the heat from
the geothermal fluids to a secondary line will be a direct buried

'F or P line that will take closed loop domestic water to the
individual buildings to provide the necessary heat. Geothermal
waters will be injected after passing the exchanger into an
existing well.

LOCATION DESCRIPTION: 'Klamath Falls is located in South Central Oregon approximately
twenty miles north of the California border. Klamath Falls is
located in the second largest KGRA, a$ designated: by the U.S.
Gaolozlcal Survey. The designation carrles w1th it a gcuthermal
equivalent eriergy resource équal to B.18 x 10 15 BTy's, or approx-
‘imately 2 billion barrels of 6il,

RESOURCE DATA:

Well Depth: Two production wells have been drilled with Well No. l s depth
to 350’ and Well No. 2 drilled té a depth of 900'.

Date Completed: Well No. 1 was completed in September, 1979 and Well No. 2
was completed in January of 1980.

" Completion Technique: The wells were compléted with casing complete to the
o ' bottom of the well with perforations in the heat flow
and water flow area:. The wells were drilled with a
rotary rig, using both mud dand air as the removal
agent of the cuttings:

Wéllhead;Tempe:a;ﬁres: Both wells have temperatures of ZQSOF.
Flow Rate: Well No. 1 has been pump tested to 680 g.p.m. with minimum

drawdown., Well No. 2 has been pumped to 900 g.p.m. with a 60'
vell drawdown.



Sumfary: The wells were completed at a cost of approximately $65,000
: .d@nd provide approximately 1600 g.p.m. with minimum drawdown

within the production wells themselves and, more importantly,’
with a minimum drawdown, as indicated by reservoir sampling
techniqués, of 3' in the closest sirrounding wells. The wells
will provide. sufficiérit resource for the pro;ect which has an
estimated peak requitement of 780 g.p.m: The mean for average
flows tequired for the project are 300 g.p.m.

SYSTEM FEATURES:

Applieatioﬁ:

Heatload:

" heat load will be 15.3 x 10

The applieatian of the preject is’ for geothermal district
heating with initial service to 14 buildings with sizing
adequate enough for heat load requirements of an 11 block
commercial area.

The design heat load for the 14 buildings is based on a
cubic foot project size of g ,021,610 cu. ft. The peak

BTU's with a Delta T of 40°
requiring a peak flow of 756 g.p.m. Expansion to the
total downtown d%etrict will require an estimated heat
1oad. of 135 x 10° BTU's per hour and will require approx-
imately 6,750 g. p.m. at 200°F with -a 40°F temperature-
drop.

Yearly Utilization: Yearly atilization will be 10 x 6° therms of

geothermal energy.

V'Energy Replaced. Energy to be replaced will be 7.06 x 108 therms

with the development of the 11. block area equaling
approximately 250,000 barrels of o1l to be replaced
du¥ing a 20-year péfiod.

facility'ﬁeseription' The project will involve the use 6f the two

production wells which will be tied dnto a primary pipe

line. The primary pipe line is to be placed within

concrete conduit for a distance of approximately 4, 420,

The concrete conduit will run along existing right-of- .

ways and will be 51zed adequately epough to handle additional
pipe. The pipe to be placed withinh the conduit will be 8"
steel pipe with 2" of polyurethane insulation. The purpose
of the use of the concrete conduit is to provide easy Access
for future pipe line, increase the life expectancy of the pipe
which was determined based on c¢orrosion testing and provide
for -easier maintenance for the future of the pipe line. At
the end of the primary pipe linme, the water will circulate
through two plate heat. exchangers that will transfer the

heat to a secondary closed loop system. After the geothermal

- fluids have passed. through the heat exchanger, the fluids

will be injected into the existing well directly adjacent
to the central heat exchanger. The closed loop eeeondary
system will then proceed with the distribution of the fluids
‘to the 14 buildings. The sizing of the secondary line will
be initially with a 10", then telescoping down to an 8" 6"
and 3".



Disposal Method: ' : .

Summary:

The wells have been completed and final Hesign has been‘completed both on the

secondary and primary pipe line. The primary pipe line which includes the

heat exchanger biiilding and associated exchangers was bid on October 21, 1980.
the contractor has been notified to proceed with construction. It is anticipated
the project will be completed by May 31, 1981: ’

CUSRENT ESTIMATED
PROJECT COST:
Total: $2,331,769
DOE Share: $1,547,183 Participant Share: $784,766
LEARNED: Perhaps: the greatest lesson learned to date on this project is

LESSONS

associated with the cost ‘estimating completed in the original ‘proposal.

In developing the estimates for the original proposal, they were done under
the assumption that the project would nroceed within a one to one and one-
half yéar time table. Because of the tire involved in the environmental
reservolr confirmation and design aspects, .the project was delayed for
approximately three years and the original cost estimate was not subjected
to inflai tonary review. The inflationary affécts on the original proposal
amounted ‘to approximately 1% per month. Additienally, the exchanger .
building and associated équipment was underestimated by -approximateély
100%. With the primary pipe line and the exchanger building bid out, the
associated costs for this project may be useéd in other projects to determine
the accuracy of other district heating projects -estimating.

One other lesson learned was the ability of the City of Klamath Falls. to
drill its own well. The City ram into a bidding process for the production
wells twice and in both cases received substantially higher bids than had
been allowed for. The City then obtained through a 1easing agreement a
drill rig :and hired well drillefs as its employees and drilled the wells
under its own internal. operation. There is approximately $70,000 to
$80,000 saved over the bids received for the initial well development,

One additional lésson learned was that of project management. The city
in undertaking the project and because of its limited financial resources
was not able to obtain the full-time services of a principal investigator
whidse sole responsihilitv wanld he for the management of the project.
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In turn, the City has spread the responsibilities of the project to
various, department heads who have undertaken their specific requite-

ments of the project along with.their other City requirements.

In futire projects, it should be recognized that because of the involve-
ment in non~traditional aspects of the district heating geothermal develop-
ment, that a principal investigator should be assigned to the project with
full-time responsibilities directly.associated with the project only.



PROJECT TITLE: Direct Utilization of Geothermal Energy for Space:
and Water Heating at Marlin, Texas

PRINCIPAL INVESTIGATOR: J. D. Norris, Jr., Administrator, Torbett-Hutchings-
Smith (THS) Memorial Hospital, Marlin, Texas

PROJECT - TEAM:

Prime Contractor: THS Memorial Hospital, Marlin, TX

Geothermal Consulting

Engineers: . Radian Corporation, Austin, TX

Architects: . Spencer Associates, Austin, TX

HVAC Engineers: Ham-Mer Consulting Engineers,
Austin, TX

Drilling and

Completion: Layne Texas Co,, Dallas, 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 this geothermal project is to retrofit the 130-bed
hospital space and water heating systems to use geothermal emergy,
thereby reducing its dependence on fossil fuels. The geothermal
heating system will supply heat to the hospital domestic water
system, as well as to the space heating and outside air preheating
systems, At present, heat input to these systems is accomplished
via steam provided by a low-pressure, natural gas-fired boiler.
This boiler system will remain in place as backup and augmentation.
Readily availsble commercial piping, pumps, valves, controls, flat
plate heat exchangers, and insulation will be utilized.

The final phase is a one-year operational demonstration phase, during
vhich potential geothermal users will be encouraged to visit and

observe the geothermal heating system.

LOCATION DESCRIPTION:

" THS Memorial Hospital is located in Marlin, Texas (population
6,350), approximately 30 miles southeast of Waco, Texas.

RESOURCE DATA:

The production well is 3885 feet in total depth and was completed
in July 1979. The production zone is screened (5-1/2" 0.D. mill
slot screen) from about 3613 to 3883 feet. Pump testing of the
well has produced flow rates of 310-315 gpm of 153°F fluid at
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4,000 mg/1l (ppm) tovlLal dissolved solfds.  The source of the heat

is faulting associated with the Ouachita fold belt, which outcrops

in Arkansas and underlies much of central Texas. The coarser-grained
sandsones (especially the Hosston member of the Travis Peak
formation) are the groundwater reservoirs that define the aquifer.
The factor which is responsible for the area's geothermal value is
the hydraulic interconnection of deeper and shallow sandstones
provided by the Mexia-Talco fault system.

SYSTEM FEATURES:

Geothermal fluid to be used for water and space heating in the
130-bed hospital will be supplied by one 3,885-foot production
well. Flat plate heat exchangers, located in a proposed structure
adjacent to the hospital, will be used to achieve maximum geo-
thermal utilization and for ease of cleaning. Geothermal fluids
will be maintained in a closed system so as to control corrosion
and scaling phenomena. At peak winter heating periods, the geo-
thermal heating system will deliver approximately 3.6 million
Btu/hr to the hospital heating load. This load is represented

by a fluid temperature drop of about 45°F at 160 gpm and will
reduce the THS Hospital average annual natural gas consumption

by 84 percent. The utilization of geothermal energy will displace
about 9,400 million Btu/yr (theoretical) now supplied by natural gas.
The geothermal fluid is to be discharged to the Brazos River via
the city storm sewer and connecting surface water courses, pending
approval by Region VI EPA.

STATUS:

The Final Design Report and Draft Bid Package was submitted to

DOE for review in September 1980. The Final Design Review

meeting was held on October 15, 1980. Letting of bids for conmstruction
is anticipated in the near future pending DOE approval of the final
design construction package.

CURRENT ESTIMATED PROJECT COST:

The total estimated project cost as currently approved 1is $693,550.
This total cost includes a donated existing well ($100,000) originally
planned for use as an injection well. However, it was found that

' this well would not accept an appreciable quantity of fluid and
surface disposal was considered. Deleting this amount decreases
the total approved project cost to $593,550 with DOE contributing
$466,820 (79%) and the participant and its benefactors, including
the Texas Energy and Natural Resources Advisory Council, con-~
tributing $126,730 (21%).
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PROJECT TITLE: Direct Utilization of Ceothermal Energy for Philip Schools

PRINC1PAL INVESTICATOR: Charles A, Maxon, Superintendent of Schools
(605) 859-2679

PROJECT TEAM: Haakon School District 27-1
Hengel, Berg & Associates

LOCATION DESCRIPTION: Philip, South Dakota
80 miles (128 km) east of Rapid City, SD
Population: 1000
"Area Activities: Agriculture, light industry, and
trade center

RESQURCE DATA:

" Well Depth: 4266 ft (1300 m)

Date Complete: 2/23/79

Completion Technique: Open hole

Wellhead Temperature: 157 degrees F. (69 degrees C)

Flowrate: 300 gpm (18.9 1/s) artesian

Summary: The Madison Formation extends under the western half of
South Dakota and into the bordering states of Wyoming,
Montana and North Dakota, Most Madison wells in South
Dakota are naturally flowing with temperatures ranging
from 110 degrees F (43 degrees C) to 170 degrees F (77
degrees C).

SYSTEM FEATURES:

Application: Space, water and district heating
Heatload (Design): 5.5 x 100 BTU/hr (1,61 MW)
Yearly utilization (Maximum): 9.53 x 10° BTU/yr (.32 MW-yr)
Energy Replaced: Electricity - 122,989 kWh
Fuel 0il - 54,729 gals,
Propane - 23,858 gals.

Facility Description: 5 school and 8 business district buildings

Disposal Method: Surface discharge to the Bad River after treatment
to remove Radium 226,

Summary: The school heating project has stimulated the development of
a business district heating system, Philip Geothermal, Inc.
In addition, Little Scotchman Industries, the city water plant
and county maintenance building use geothermal fluids from
other wells for space heating.

STATUS:

Construction complete. Adjustment of the flow through the system and
monitoring to start.
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CURRENT ESTIMATED PROJECT COS'T:

Total: $1,205,804
DEO Share: $ 936,199 Participant Share: $269,605%
78% 22%

LESSONS LEARNED:

The initial phase of thils project was the development of the geothermal
resource, -A well was drilled into the Madison Formation. The total depth
of the well is approximately 4,266 feet. During the drilling operations
we had a full time drilling consultant at the well site during drilling
operations. He was to be available in the event that drilling problems
would shift the drilling operation from a footage basis to a day rate.
We would recommend that on a future well that the drilling consultant be
placed on a retainer so that he would be available to come to the well
site with 24 hours notice. This would reduce the cost of the drilling
consultant by eliminating that expense when the drilling operation is
proceduring without any problems.

After setting the main casing the open hole completion of the well was
drilled. Problems developed during the open hole drilling which included
shale lenses and sand pockets in the limestone. This condition could create
future problems during operation of the well such as sloughing of the

sands and shale into the open hole. A 5" 0.D. flush joint casing was
sugpended inside of the 7 5/8" casing previously installed. On any future
wells drilled into the Madison Formation we would recommend that the open
hole completion be completed before setting the main casing. If shale
lenses or sand pockets that are drilled through they can be cased out with
the main casing at a considerable savings in cost.

Samples of the geothermal {luld were tested by the Faderal Environmontal
Protection Agency. Their tests indicate the presents of Radium 226 in the
geothermal waters. The level of Radium 226 is approximately 99 pico curies
per liter. This exceeds the EPA standards for drinking water 5 pico curies
per liter or less. To obtain a discharge permit to discharge the geothermal
fluid into the Bad River, the Radium 226 level had to be reduced to less
than the 5 pico curies per liter,

Among the various methods investigated for removal of Radium 226, was the
method used by the Uranium Mining and Milling Companys. The method they
used involved adding a 10%Z aqueous solution of Barium Chloride to. the water.
The -resulting chemical reaction provides a Barium Sulfate to which the
Radium 226 adheres.. The result is a floculation that will settle out of
the water. This process has a 99% efficiency. The Barium Chloride Treatment
facility consists of a building to house the mixing tanks, a short section
of discharge line, and an in-line static mixer., The Barium Chloride
solution is added by metering pumps to the in-line static mixer. The
barium chloride solution is mixed into the geothermal fluid and piped to
the holding pond. The holding pond was designed for a three day retention
time. The retention pond was divided into two cells so that maintenance
could be preformed on one cell while operating would be the one remaining
cell,
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The heating system in the High School-Armory building and in the Elementary
School building were. low pressure steam systems, During the planning for
the modification of these sytums Lo a low temperature hot water it was
anticipated that the control valves could be reused., lowever, as the
modification contract proceeded it became apparent that the seals in

many of the control valves had deteriorated. This showed up when the
contractor pressurized the system during standard test procedures.

Another problem that became apparent during the testing of the system
was that a few of the baseboard radiation units had developed pin holes
at their connections from the years of use. When the pressure test was’
applied, these areas started to leak water and had to be repaired. On
future. conversion projects, consideration should be given to pressure
testing sections of the system prior to design to determine if that
portion of the system could be used or if would have to be replaced.
This would add additional cost to the preliminary engineering phase of
the project. However, under certain circumstances this may be money
well spent.

The contractual arrangement between the Owner and Contractor on this
project has been very good. Changes to the construction contract have
been kept to a minimum. The negotiated Change Orders with the contractor
have been reasonable.

In some of the classrooms the existing steam fin tube radiation and the
‘baseboard radiation units were replaced with hot water fin tube radiation
units. The hot water fin tube radiation units were sized based on using
water at approximately 140 degrees F. Engineering calculations show that
in some instances it was more economical to add a cabinet unit heater
along with the baseboard radiation units to provide the required heat for
the room. The tabinet unit heaters were installed at the end of the
baseboard radiation units were possible, however, in several instances
the cabinet unit heater was placed in the middle of a baseboard radiation
run. This created a problem because the baseboard radiation covers had
to be cut. To make a neat joint between the baseboard radiation cover
and the cover on the cabinet unit heater, the contractor provided a

PVC window glazing gasket with a profile that covered the raw edge of

the baseboard radiation cover.

The piping the boiler room of both the High School and the Elementary School
is designed to vary the flow to the space heat exchanger. During periods of
maximum heat demand, all of the geothermal {luld Ls dirccted to the space
heat exchanger, From the space heat exchanger, the geothermal [Iluid flows
to the domestic hot water heat exchanger. During periods of moderate to

low space heating demand, the geothermal fluid is diverted around the space
heat exchanger to the domestic hot water heat exchanger. The flow is
controlled by a pneumatic actuated three way valve. The pneumatic actuated
three way valves normally used in commerical installations would not
operated against the artesian flow of this project. We were directed by

the manufacturer to their industrial division. All of the three way

valves on the geothermal side of the system are of the industrial type.
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Pipeline

‘The geothermal fluid is piped to the school buildings, the business district
buildings, and to the Barium Chloride Treatment plant using a filiment wound
fiberglass expoxy resin pipe. This pipe is designed for applications up

to 210 degrees F (99 degrees C).

This pipe is assembled in a bell and spigot method. Whenever the pipe has
to be cut in the field the cut end has to be shaved to provide a new spigot.
This shaving is done with a specilized pipe shaver provided by the manufacturer.

All of the fittings, sockets, pipe ends and pipe sockets must be clean and
dry and must be sanded within 2 hours of assmebly. The sanding was accomplished
using a flapper type sander on a drill,

If there is just the least bit of moisture or grease from the hands of the
individuals handling the pipe, a perfect bond is not obtained. During the
construction of this projéct we had only two joint failures. The contractor
was exceptionally careful butting the pipe together because of the high
cost of repairing the pipe failure. The joints if made properly are as
strong or stronger than the pipe itself.

To repair a joint failure requires that a section of the pipe be cut out
and new bell and spigots be cut on each then sanded and the pieces put
back together.

The pipe was bedded in a layer of sand. The sand all passing a 3/8" screen
was obtained locally. Approximately 6' of sand was placed under the pipe
and another 6' was placed over the pipe. The soil in which the trench was
excavated is composed primarily of the pier shale. This soil will expand
and contract with changes in moisture. The sand was placed to provide a
cushion to the pipe during these periods when the soil around it is moving.

The discharge line from the school is the supply line for the business
heating district. The heating district was designed to provide a geothermal
fluid at the same relative elevation to all of the eight building to be
heated.

The construction of the system was recently completed. We have entered
the adjustment and monitoring phase. All of the building in the heating
district have not been connected to the system as of this date, As each
building is added to the system a readjustment of the valves in the fire-
‘hall and the various businesses will have to be made.
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PROJECT TITLE: Diamond Ring Ranch Geothermal Demonstration
Heating Project

PRINCIPAL INVESTIGATOR: Dr. S. M. Howard, Professor of Metallurgical
Engineering, (605) 394-2341

PROJECT TEAM: South Dakota School of M1nes and Technology
Re/Spec, Inc.
Diamond Ring Ranch

PROJECT OBJECTIVE: Utilize existing Madison well to provide grain drying,
and space heating for homes.

LOCATION DESCRIPTION: Haakon County, Central South Dakota
50 miles (80 km) west of Pierre, SO
Population: 2900 (Haakon County)
Area Activities: Agriculture

RESOURCE_DATA:

Well Depth: 4112 ft (1253 m)

Date Complete: 1959

Completion Technique: Open hale
Wellhead Temperature: 152°F (67°C)
Flowrate: 170 gpm. (10.7 2/s) artesian

Summary: The Madison Formation extends under the western half of
South Dakota and into the bordering states of Wyoming,
. Montana, and North Dakota. Most Madison wells in South
Dakota are naturally flowing with temperatures vary1ng
from 110°F (43°C) to 17Q°F (77°C).

SYSTEM FEATURES:

Application: Space heating and grain drying

Heatload (Design): 3.35 x 10° Btu/he (.98 M)

Yearly Utilization (Maximum): 7.87 x 10° Btu/yr (.26 Md-Yr)

Energy Replaced: Electricity - 185,288 kWh

: Propane - 49,415 gal.

Facility Description: Six structures and a 700 bushel/hr grain
dryer are served by geothermal water.

Disposal Method: Surface discharge to ranch reservoirs

Summary: Two heating loops circulate water through water-to-air
heat exchangers and fan coil units to provide space heating
for the h05p1ta1 barn, mobile homes, shop, employee's home
and owner's home. An additional Toop provides hot water to
the 700 bushel/hr commercial grain dryer.
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Diamond Ring Ranch (cont'd)

STATUS:
The system is operating. Monitoring equipment is being installed.

CURRENT ESTIMATED
PROJECT COST:

Total: $403,198
DOE Share: $250,725 Participant Share: $152,373
62% 38%

LESSONS LEARNED:

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.

The ‘'space heating system is comprised of a plate-type isolation heat
exchanger used to heat recirculating water to six structures: four homes,
a hospital 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 likely in the barn and shop since these structures have low
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 lines
(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 lost several times during
the system's life. -

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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PROJECT TITLE: Geothermal Application of the Madison Aquifer for
St. Mary's Hospital

PRINCIPAL INVESTIGATOR: James Russell, Hospital Administrator
(605) 224-5941

PROJECT TEAM: St. Mary's Hospital .
Kirkham, Michael and Associates
Sherwin Artus, Reservoir Consultant
Dr. J. P. Gries, Geologist

PROJECT OBJECTIVE: To demonstrate that 106°F (41°C) water can.be used
for preheating domestic hot water and space heatingi

LOCATION DESCRIPTION: Pierre, South Dakota
Population: 14,500
Area Activities: Government (Pierre is the state
capitol) and agriculture.

RESOURCE DATA:

Well Depth: 2176 ft (663 m)

Date Complete: 4/21/79

Completion Technique: Perforated casing
Wellhead Temperature: 106°F (41°C)
Flowrate: 375 gpm (23.7 2/s) artesian

Summary: The Madison Formation extends under the western half of
South Dakota and into the bordering states of Wyoming,
Montana and North Dakota. Pierre is located on the
eastern edge of this formation.

SYSTEM FEATURES:

Application: Domestic water preheating and space heating
Heatload (Design): 5.55 x 10° Btu/hr (1.63 M)

Yearly Utilization (Maximum): 11.44 x 109 Btu/yr (.38 MW-Yr)
Energy Replaced: Fuel o0il - 115,000 gals.

Facility Description: The existing 832000 ftz £7710 m
a new 65,000 ft° (6038 m“)

2) hospital and

Disposal Method: Surface discharge to the Missouri River,
Summary: Three plate-type heat exchangers provide make-up air heating,

addition will be served.

space heating via fan coil units and domestic water preheating.

The new addition heating system is designed to utilize the
geothermally heated water in the hot deck coil of the air
handling units and the heat pump.
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St. Mary's Hospital (cont'd)

STATUS :

The 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 is completed. The
systems were put into operation in mid-October of 1980 and balancing
and final adjustments of control systems are now under way. System
performance to date have exceeded the anticipated capability as

follows:

Completed Well 'System Operation
Well Supply Temp. = 106°F 108°F

Closed Loop Supply Temp. = 100°F 104° to 105°F
Domestic Hot Water Supply = 100°F. 106°F

CURRENT ESTIMATED
PROJECT COST:

Total: $718,QOO
DOE Share: $538,500 Participant Share: $179,500
) 75% 25%

LESSONS LEARNED:

1. There is great difficulty in estimating the cost of a producing geothermal

well. OQur original estimated cost for the well was $125,000. The final
well cost was $316,000 which exceeded our original estimate by 150%.

2. Resource and discharge permits can be a problem. We were not familiar
with all that was required when we began and, had we been, it could have

speeded up the process. Cooperation of the reviewing agency was excellent.

3. Perseverance pays off. In proposing the project, we originally hoped
.to find 117°F water. When our well came in producing 106°F water there

was considerable skepticism even among ourselves that we could accomplish

much of what we had set out to do. With the support of DOE, our project

continued and is now complete and operational. It appears that our annual

fuel savings may be even greater than originally projected. In addition,
the temperature of the geothermal fluid increased 2°F in production.
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Project Title

Klamath bounty Direct Use Space and Water Heating Project -
Project No. 1978-YMCA-1

Principal Investigator

Brian C. FitzGerald

Project Team

Engineering - James K. Balzhiser

Drilling Contractor - E. E. Storey & Sén

Retrofit Contractor - Patterson Plumbing

Electrical Contrator - East Side Electric

Pump Supplier - Valley Punp

qump Components —~ Nelson Drive

Legal - Alan M. Lee

Well-Testiné - OIT Geothermal Heat; Lawrence Berkeley Laboratories

Environméntal Reporting - OIT Department of Natural Sciences

Project Description

The project is a direct use~extraction, exchange-retrofitted to an existing
boiler system, relnjection format. Water is extracted from a production well
1410’ in depth, piped 540’ to dn exchanger, and then pumped into the rein-
jection well some 90’ from the heat exchanger. The heat exchanger circulates
boiler fluid which in turn maintains necessary heat levels in a swimming

pool air coil, swimming pool water heat exchanger, domestic hot water heat
exchanger, and multi-zone air heated deck.

Location Description

The project is located on the grounds of the Klamath County YMCA, 1221 South
Alameda, Klamath Falls, Oregon 97601. The YMCA is centrally located to the
30,000 population base approximately three miles south of the central business
district and two miles north of a suburban population center. The area is
well-known as Klamath K.G.R.A. with proven resources ranging from 110°9F to

230°F.
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Regource Duata

Well Depth -- Production well - 14]0°
Reinjection well - 2016’

The main production zones within the production well are
located at 1150’ with approximately 135° and at 1350’
with approximately 165° water.

Completion Date -- January, 1979

Completion Techniques -- Six hours of 300 psi air surge followed three
days later by a 22 hour pump test at a variable rate
averaging 310 gpm.

Note: Eight hours into the pump test the geothermal fluid
was still clearing up. .

Wellhead Teﬁperature ~— 1470F - flow rate of 310 gpm capacity with actual
use set at 250 gpm, bowls set at 320°. Drawdown from static

of 91 to a total of 270’.

Flow Rate -- Available source is 310 gpm. However, the system is designed
to fluctuate according to need from a minimum of 60 gpm to
a maximum of 250 gpm. Reinjection well capacity for acceptance
of water is such that reinjection at 250 gpm requires a head
pressure of 3] pounds. Water flowing into the reinjection well
at a rate of 110 gpm requires no pressure whatsoever. It is
beyond the 110 gpm rate that pressure is increasingly necessary.

Summary —- The system appears to be intact, completed, and functional. The
most critical element of work completed in process in our opinion
was proper cleaning of the well through air surge and extended,

continuous pump testing.

System Features

Application -- Geothermal fluid moves through a 66 plate, stainless steel heat
exchanger heating boiler fluid for delivery of heat to various
locations within the facility.

Heatload (Design);

Yearly Utilization; .

Energy Replaced -- The system was designed to replace a gas—fired, low tem-
perature boiler unit originally engineeered to deliver
77,000 Therms of heat per year. Actual practical heat
loads averaged 66,000 Therms per year over a nine year
conventional heating history. 1In order to determine
necessary heating requirements, our conventional system
was preset to generate 140°F boiler fluid delivered from
the boiler, in order to approximate a geothermal supply
system. The nine-month program provided through practical
experience that a 1470F geothermal supply at 250 gpm would
more than adequately serve the needs of the facility.
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Facility Description -- Klamath County YMCA is a 30,000 square foot masonry
building located on 14 acres of ground in Klamath Falls,
Oregon. The structure has approximately 20% of its exterior
walls in thermopane glass, the remainder is in brick. With-
in the facility exlsts a gymnasium (40x20x24), three class-
room facilities (averaging 20x20), two racquetball courts
(20%x20x20 ea), a martial arts and fitness area (40x40),
five offices, mens’ and womens’ locker room facilities housing
100 lockers and eight showerhead rooms, and a swimming pool
(44x74) holding 95,000 gallons of water with an average temp-
erature of 870, and swimming pool area (60%95x25) with an
average temperature of 8590,

Disposal Method =- Reinjection pressure range from 60-110 gpm, Zero pounds
pressure required. 11-250 gpm, maximum load required is
31 pounds of pressure.

Summary -- The system is intact, functional, and capable of delivering heat
at an effective level beyond the conventional system. We have
also been able to renegotiate our maintenance contract with
Honeywell, Inc. for care of our heating facility from a previous
average of $500 per month cost down to $280 per month since we
have removed two direct gas fired heating units previously taking

care of our gymnasium and swimming pool area as well as being able
to shut down our boller system. ’

Status
Complete - BTU Meter ordered - expect delivery
Reinjection wellhead cover repaired

Electrical panel moved

Coaling system for Nelson Drive unit recalibrated

Current Estimated Project Cost

Total Cost - $267,254
DOE Share - 5§209,000

Participant Share - $58,254

Lessons Learned

Our experience is limited to this one project, of course, but, should we be
entering this project with what we now feel to be true the following areas
seem to be valuable.
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1. Problem: Signing the driller’s contract without the benefit of °
the competitive bid process places the owner in a poor
position.

Solution: Take the time to specify what 1s desired in an Original
bid specification package.

2. Problem: Lost circulation

Solution: Not always lost circulation material, often drilling blind
and temporary casing off of the flow can solve the problem. Watch
for mud ring of the drilling shaft.

3. Problem: -Should we test reinjection.

Solution: We tested the reinjection capacity of a 2016 ° hole which
produced an excess of 500 gpm 110°F with a drawdown of only
60’ to 70’ as an afterthought. It turned out that it takes
35 pounds of head pressure to push 250 gpm back into the hole.
Without the test, we would have assumed negative head pressure.

4, Problem: How far do you case.

Solution: Our first hole was cased only to 512°, some 400’ from the
beginning of basalting layers. This uncased area allowed mixing
of cooler ground water with the warmer geothermal fluid. Using
log data from the first hole, we were able to decide to case the
second hole to 968’ insuring correction of the mixing problem.

5. Problem: How soon should you test, how long, in what way, and who should
do it.

Solution: We built air and pump testing into the contract signed by the
driller. After desired depth was reached, the driller was
required to develop the hole with air. The bit was lowered into
the hole within 24 hours of depth attainment to 300’ - 300 to 400
psi was developed intermittently, thus alternately blowing off the
-top 210° of fluid and then allowing the fluid to subside. This
exerted tremendous surging forces on the well. We think this
cleaned the well properly and avoided the problem of sour bentonite
caking the production zones. We also had the driller pump test the
hole for 24 hours (8 hours of it in reinjection phase). The well
cleaned up after 4 hours of surging and 10 hours of pumping.
Presently, the fluid has a suspended solid level of less than 350 ppm.
With the exception of 8.2 Ph and the sulfate content the fluid passes
city code for drinking water. Incidentaly, since the driller
could not remove the rig until the test was complete, he borrowed a
large tractor and used the power take-off to drive the test pump
since local pump people could not meet his time schedule. At $100
per hour cost to the driller for rig time, they can get very creative!

6. Problem: How do yOu'determine the system’s ability to provide necessary
heat in a retro~fit situation?
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Solution: Turn the existing boiler down in cycle temperature and expand
the quick recovery capacity of the boiler to approximately the
" specifications of available geothermal fluid. We had nine months
of demonstration data going in which proved that a 1359 fluid at
250 gpm - exchanger approach of 79 and draw of 40° would take
care of our complete needs.

Presently, the system, functioning at full 250 gpm capacity, is entering
1460 geothermal fluid at the exchanger - reinjecting at an average of
1429 - boiler fluid in is averaging 133° - boiler fluid out after
exchanger is being maintained at a constant 146° ~ approach of O.

A sample test can be run by shutting off the swimming pool air boiler
fluid loop allowing that to cool fro 1330 to 70°0. After circulation is
created, boiler fluid in drops from 1339 to 859, geothermal fluid out
drops from 1420 to 1250. Boiler fluid out moves from 1460 to 145°

for about five seconds.

We also discovered that'retrofit of conventional systems allows for renego-
tiation of maintenance contracts for heating systems and for insurance costs
for boiler and pressure vessels since a 1470 geothermal system can be
guaranteed to never exceed boiling temperature creating pressure stresses.
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DEMONSTRATION PROJECT OF RAISING PRAWNS WITH GEOTHERMAL WATER

IN THE COACHELLA VALLEY, CALIFORNIA

PRINCIPAL INVESTIGATOR: Dr. Grajcer, Aquafarms International Inc. (AII)

PROJECT TEAM: Rick Visoria, Project Manager, DOE, Oakland
Dr. Dov Grajcer, President, AIIL
Rebecca Broughton, Deputy Project Manager, AII
AIl’s Technical Staff: Vincent Price
Rodney Chamberlain
Mary Price

Dr. Tsvi Meidav, Geothermal Consultant, Meidav Assoc.
Oakland

Krieger and Back, Accounting, Palm Desert

PROJECT DESCRIPTION:

Aquafarms International Inc., a small California corporation, is developing
a 50 acre prawn farm on its property in the Dos Palmas area, east side of
the Coachella Valley. By utilizing geothermally heated water, AII intends
a continuous, year round prawn farming operation.

LOCATION DESCRIPTION:

AIl’s headquarters is located off of California state highway 111 near North
Shore (mailing address POB 157, Mecca, CA 92254) DOE project site: Dos
Palmas area, Coachella Valley, CA.

RESOURCE DATA: A-1% A-2 Fl F2 F3
WELL DEPTH: 910 100° 325° 180° 800’

DATE * COMPLETED: ‘ Jan 80 Feb 80 June 80 July 80 July 80

COMPLETION TECHNIQUE: 1" casing SCREEN GROUTED AND CEMENTED

-

WELLHEAD TEMPERATURE :-. 820F 79/920F 830F 107°F
FLOWRATE: L testing in progress
SUMMARY : ‘Hydrogeo- well to 2 temp. Used for Best geo-
‘thermal control- avaiable tempering thermal
peephole Not used being pre- water. well- cave
for time pared for in occurred-
being service awaits hydro-
while pump- fracturing
ing tests
are made
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SYSTEM FEATURES:

Al

Application: The water will be taken from the wells and delivered to the
ponds where it will be used directly. That is to say that AII hopes to
use the energy with the fluid as opposed to a heat exchange setup.

Yearly Utilization: The geothermal fluid will be used throughout the year
as the desert is subject to extreme temperatures as well as extreme tempera~
ture fluctuations. This use of the geothermal fluid will enable these
temperatures to be mitigated.

Energy Replaced: If fossil fuel were to be used to heat irrigation water,
a total of 170 billion BTU/yr would be required per year for a 50 acre farm.
As the pond heating 1s to be 100% geothermal, that amounts to approximately
30,360 barrels of heating fuel/yr (heat value 5.6 X 100 BTU/bbl) replaced.

Facility Description: The shrimp grow-out facility is located on approximately
250 acres of land. The northern part of this area is being developed into

50 acres of ponds. 25 of these acres are completed with the plumbing now
being installed. Ten new acres are in varying states of completion. The
remaining ponds will be developéd in the areas indicated by stiples on the
attached map.

Disposal Method: When AIIl’s water resources reach a point that a disposal
procedure must be adopted, several techniques can be employed. Much water
is lost to evaporation and some is percolated through the pond substrate.
Surplus water could be impounded and recycled.

Summary: With the direct use of geothermal water it seems to be possible
to develop an economically sound 50 acre prawn farm in the Coachella Valley
Dos Palmas area. At today’s prices there is no payback period if fossil
fuel is used as the total production is below the existing value of the
conventional fuel saved.

STATUS:

A substantial schedule slippage was caused early in the contract by a very
slow reaction to and often ambiguous requirements of various environment-
related agencies. Therefore, in order for a cost overrun to not be incurred,
AII, with cooperation and advice from the DOE, choose an equivalent expense
time extension. Through efficient management and a highly qualified total
capability team we have been able to complete some tasks under budget. The
reserved funds will be channeled into tasks in which inflation made the
largest inroads. In effect, we have completed 75% of all work assigned and
thereby, with the extended time, there is no foreseen reason why the contract
should not be fulfilled with no added cost to the DOE.

CURRENT ESTIMATED PROJECT COST:

Total: 575,266
DOE Share: 363,000

Participant Share: 212,266
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LESSONS LEARNED:

Over the last winter some valuable lessons have been learned and some
modifications in pond construction have been made. Incidents during
pond construction have underscored the need for various types of equip-
ment needed to excavate ponds. The property being utilized is sand and
rock in some areas and boggy clay 1n others. The same earth move can
not be used under both conditions.
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