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ABSTRACT

Utah Roses, Inc., of Sandy, Utah proposes to conduct a commercial
geothermal development program for heating floral greenhouses on
its property at Sandy, Utah. The program site is located near
the Wasatch Faultline which runs along the eastern fringe of

Salt Lake City, Utah. This fault zone has the promise of being
the major geothermal source for the metropolitan Salt Lake City
area and its population of 3/4 million.

The purpose of this program would be to:

1. Extend the commercial applicability of the Wasatch Range
geothermal resource by tapping and proving a geothermal
resource of considerable potential lying within a huge
metropolitan market area where space heating represents
25% of the energy requirements.

2. Use moderate temperature geothermal energy for process
heating in commercial floral nursuries, which seem to
be well suited for use of geothermal energy at tempera-.
tures as low as 100°F.

A e

3. Supplement usage of scarce fossil fuels with a renewable
resource of energy.

-

4, Provide exhibition and demonstration of the svstem through
affiliated floral businesses across the nation and customers
in the Salt Lake City area.

The annual fuel consumption (natural gas) for process space heat
will be cut from 70,000 million Btu to about 5,000 million Btu,
plus electrical power usage additions equivalent to $24,000
(800,000 kwh) annually. An adjacent machine factory will save
10,000 million Btu.
The program will be directed by Utah Roses, Inc. which will also
_own the resource. Technical development and direction will be
supplied by Forsgren, Perkins & Associates, Energy Services Divi-

sion.

The schedules given for this program could realize a portion of
the total system as operational for demonstration by February
1980 (54 weeks from the start of contract):; the full system by
October 1980.

The project has three major milestone décision points:

1. Decision on type of well and drilling contractor
after additional geology, geochemistry, and geo-
physics is completed in Phase I.

2. pegigion on adequacy of the production well after
initial testing, following Phase II.

3. Decision on disposal method to be used and the design
of heat transfer system. Occurs after additional de-
sign following well testing and water quality analysis,
at the conclusion of Phase III.
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UTAH ROSES, INC.

SUMMARY DATA (VOLUME I A)

L

c.1 PROPOSER'S NAME AND ADDRESS:

Utah Roses, Inc.
567 West 90th South, Sandy

Salt Lake City, Utah 84070 Utah Congressional District # 2
c.2 TOTAL CAPABILITY TEAM:

The principal team to complete this project consists of

Utah Roses, Inc., Sandy, Utah; and Energy Services Divi-

sion of Forsgren, Perkins & Associates, Salt Lake City,

Utah.* Utah Roses will provide the commercial and finan-

cial management of the project and assume complete owner-
ship of the facilities when the project is ended. Utah

Roses thus would be solely responsible for the completion

of the project and utilization of the geothermal energy.

The other principal team member will be Forsgren, Perkins,

s Associates who would provide all the engineering services
and supervision of the contractors performing the well drill-
ing, installation of pumps, distribution lines, heat exchangers
and any components that are a part of the geothermal system,

as well as the environmental assessment. With its Energy
Services Div., Forsgren, Perkins & Associates is able to

offer total capability in both resource development and
conventional engineering design and construction management
(the latter is often refered to as A&E services). Other
team members include consultants from the Univ. of Utah
Research Institute and a private consultant in geothermal
resources.

C.3A PROPOSED DIRECT UTILIZATION APPLICATION: Floral Process Heat

The geothermal energy from the well to be drilled on Utah
Roses property would be used for floral industry process heat.
The geothermal water would be of moderate temperature (120°
to 190°F) - adequate for this industry. A reinjection well
might be used if the chemical content of the geothermal water
required such a well. Continual pressurization of the geo-
thermal loop would prevent scaling in the heat exchangers.

If the quality of water is adequate for direct use in water-
to-air heat exchangers, the secondary circuit could be elim-
inated. The discharge water could also then be discharged
directly into an adjacent irrigation canal, cancelling the
need for a reinjection well and reducing the project cost.

‘There is substantial evidence of a reservoir of the desired
temperature throughout a 1000 sg. mile belt in and south of
Salt Lake City. Three warm wells exist within three miles _ /
of the proposed drilling location. Further confirmation of
the nature of this reservoir would stimulate future uses of
geothermal energy in this very heavily populated, highly in-
dustrialized area. The general geothermal potential extends |
50 miles along the Wasatch Mtn. Front, including a population
of 3/4 million in the Salt Lake Valley and an additionaal

1/4 million in the adjoing areas of Brigham City and Provo.

* This project will be operated through the Salt Lake City
office, Forsgren, Perkins & Associates headquarters is in
Rexburg, Idaho.
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STATUS :

Utah Roses began a study of floral greenhouse heat with
with geothermal energy in 1976, with the intent of seeing
such utilization spread nationally among the floral indust-
ry. This culminated in a cost sharing proposal submitted
to ERDA just prior to the DOE/PON announcement. Realizing
that the DOE had created a demonstration program with which
Utah Roses was already definitely in step, Utah Roses 1is
again requesting a cost sharing program which would be of
national benefit to the floral industry, and is the sub-
stance of this PON. Current status is as stated herein.
Preliminary conceptual design is complete and the facili-
ties to use the energy exist and can readily be retrofitted.
The proposed work begins with Phase I.

MAJOR PHASES:

Phase I: (Initial Phase): Preliminary Investigations and
Well Drilling. Environmental assessment report prepared and
submitted to DOE. Review geological data for this area, and
develop qualitative models for the subsurface geology. Pre-
liminary reports of geothermal potential are good and the more
detailed study before drilling would allow more accurate well
design and specification preparation and the type of drilling
equipment both technically and economically suitable to the
task. The actual drilling of the exploratory production well,
if conditions are favorable, would be scheduled for late summer
or fall of 1979. The well site is on the property of the Pro-
poser. Phase I would establish the precise drilling technique
and the type of rig to be contracted to probe for the antici-
pated geothermal target.

1) MILESTONE DECISION POINT - Design of well, depth

target, and type of rig to be used-critical to cost.

Phase II: Well Drilling and Development. Obtain usage permits
and any other necessary clearances. Prepare specification for

test production well. Contract for driller. Prepare site and

complete drilling of the exploratory production well as a geo-

thermal source well. Test its productivity and evaluate reser-
voir parameters. Phase II would be completed by Fall 1979.

2) MILESTONE DECISION POINT - Is well useful? or, should
well be used for reinjection and second well of differ-
ent design drilled? Should stimulation be attempted? Or
should project be terminated?

Phase III: Design and procure permanent well head and pump in=-
" Stallation. Continue testing well as needed for system design
data. Design disposal facilities that will meet applicable
state and federal regulations. Design heat extraction system.

3) MILESTONE DECISION POINT -
a) Method of disposing of used geothermal fluid
b) Decision on need for and type of primary heat
exchanger.
c) Overall design review and approval, in-
cluding economics with the contirmed re-
source.
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Phase IV : Fabrication, Construction, & System Engineering.
Completion and installation of pipe lines, heat exchangers,

pumps, controls, and monitors. Start up and check out of
system and monitors. Phase IV would be completed by Sept.
1980. Note: If the well is artesian, some heat exchangers

would be installed in one greenhouse for performance testing
during the 1979-80 winter, before finalization of specifications
for all the heat exchangers.

Phase V: Utilization & Performance. Starting in Oct. 1980,
efficiency, economics, service needs, and consumer accept-
ance will be recorded and evaluated over a period of one
year. Reports and documentation pursuant to the program

as outlined in the PON will be submitted. Any deficiencies
in the gystem that degrade its performance, so as to be un-
economic compared to conventional systems, will be corrected
by modification. The owner will receive a final system re-
view and operating manual. Phase IV would end August 1981.

PROPOSED SITE OF PROJECT:

The proposed site would be on the property of Utah Roses, Inc.
at 90th South, just west of I-15 in Sandy, Utah. Sandyv (pop-
ulation 25,000) is in metropolitan Salt Lake City, 10 miles
South of the Main City, but part of an extensive urban growth
that merges with the city. The property is one mile east of
the Jordan River and ten miles west of the Wasatch Range.
Additional application of the energy is proposed for Beehive
Machinery Inc., on the adjacent property, where geothermal
space heating could displace much of the present 15,000 MCF

of gas used per year for space heating. Many other commercial

potential customers are within % mile. ‘ -
| : W YRS Y
.5 EVIDENCE OF GEOTHERMAL RESOURCE: g LvTle  ofefefaies

Utah Roses is located within 6 miles of a major system of
faults that extend from St. George northward through Salt

Lake City, Ogden, and on inton€llowstone, Montana. Thermal
o springs are common all along this fault system. A less well-
.....defined east~-west cross fault cuts through Sandy near Utah
- Roses property. Within a radius of 2 miles of the proposed
site there are 3 thermal wells. Many thermal wells and springs
exist in the metropolotin Salt Lake area. Geothermometric
calculations, based on geochemical properties of spring and well
water, indicate likely source temperatures at about 170°F to
350°F. Because of the large cool aquifer that exists at
shallow depths, few wells deeper than 800 ft. have beer “rilled
in this area.

Major thermal anomalies within the immediate area are as
follows:

a) A 1150 ft. deep city well (Sandy) 2 miles south
with 90°F water delivered at the surface. Since
being plugged at 315 ft., the temperature was re-
duced to 72°F. (Inactive presently)

b) A county well, 800 ft. deep, within 150 yards of
the Utah Roses property. Well delivers 76°F water
at the surface. (Inactive presently)
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c) A 74°F city-owned (Midvale) well 2 miles north.
The thermal water is so heavily diluted with cold
water that the geochemical themometry has given
erroneous results,

d) Crysta} Hot Springs, 6 miles south, 137°F at sur-
face with geochemical indicators of 347°F for the
reservoir.

e) A rgcen?ly (April 1978) drilled well 6 miles south
Qellveglng 176°F water from 260 ft. depth. Geochem-
i1stry indicates 315 to 350°F reservoir temperatures.

Thermal anamolies d) and e) are within 3/4 miles of a known
fault, one that intersects the Wasatch Fault. A similar fault
(USGS circular 75 - 616 passes east-west through the Utah Roses
property and intersects the Wasatch fault. THis latter fault
1s encouraging, not merely as a conduit for hot water from
,J@epth, but as an indication that fracturing and good permeabil-
ity should exist at depth.

In summary, the latest geological surveys and interpretations -
indicated that this region has an extensive groundwater res- 2/
ervoir penetrated by fault systems which allow vertical flow /
of heated water from depth and provide good permeability in//
the regions of these faults. The major fault runs past seﬁeral
large population centers. The chemical content ofwgggﬂkn6wn
sources indicates reservoir temperatures in the 3009 to 350°F
range, much higher than the minimum required 120°F. The total
dissolved solids in the indicated reservoir are moderate

(4000 ppm). If such proves to be the case, using a pressurized
primary fluid system, heat exchanger, and possibly a reinjec=-
tion well will be required, as budgeted. A mining canal carry-
ing water with high dissolved solids adjoins the property and
could possibly be used for disposal of the used fluids. Since
part of this proposal is the proving of a well, if the initial
well does not meet the expected potential, then the second well
drilling could be altered to improve its potential as a geo-
thermal source. A successful second well could then be used as
the source and the first as the injection well. The overall
probability of success of the project is thus increased without’
significantly increasing cost.

STATUS OF GEOTHERMAL RIGHTS AND REINJECTION

Utah Roses, Inc. has clear title to the 8-acre site. No
mineral or water rights have been reserved by any other
party. Utah has no existing or pending legislation con-
cerning the legal status of geothermal water, rather it
is treated as a water resource by the State Engineer's
Office. As the geothermal resource for this proposal
lles’below a large, dynamic, open, groundwater system,
pumping and consumptive use of geothermal water is per-
missible. However, if reinjection is required, it appears
that communication with groundwaters shallower than

1000 ft. depth is largely prevented by confining beds
that minimize cross flow between the geothermal and dom-
estic aquifers. Permission for disposal into the Galena
Canal will depend on the condition of the water.

4P




STATUS OF OWNERSHIP

The proposal site is on 8 acres of property owned by
Utah Roses, Inc., and this property is completely
sufficient for the implementation of this proposed
program. Utah Roses owns subsurface rights. ©No rights
of way will be required for delivery of the geothermal
fluid or disposal into the Galena Canal. The greenhouses
are owned by Utah Roses, Inc., with a mortgage lien of
$315,000 (7/78) from the Federal Land Bank.

FINANCIAL ARRANGEMENT:

User/Developer financing would be provided by Utah Roses,
Inc., using working capital and an existing line of credit
for capital improvements with the Federal Land Bank.
Ownership of the system will be by Utah Roses, Inc., and
would be a part of their commercial enterprise - the loan

S et e e e i

. would be repaid on the fuel cost savings over present cost.

FUNDING SUMMARY :

 The total estimated project costs using geothermal
energy and proposed funding by each partcipant is:

DOE Share - 459,500%*
Utah Roses, Inc. Share 416,700
Total Cost 876,200%*

Includes an extra-ordinary contingency of $100,000 as
a differential for a Qggg disposal well if disposal
into the adjacent mining canal or into a 1500 ft. well
is not permitted.

stimated total cost using conventional energy. — -

s and oil-fired boilers are presently being used, con-
uming annually 70,000 MCF(MBtu) per year at Utah Roses.
bviously additional conventional energy systems are not
*eded.) Beehive Machinery Inc., a neighboring industry
nsumes about 10,000 MCF/year for space heating. Net
Vings per year would be approximately 75,000 MCF, allow-
g the present conventional systems to be used for peaking
the coldest days.

Current gas price = $1.22/MCF

Gas-company projected price in 1982 = $1.84/MCF

Average annual savings, first three years = $124,000
less $30,000 electricity = $94,000/year

Enhanced production output: '‘About 10% on sales of
$1,000,000 annually, as a result of more benificialand
effectlve climatic control for the plants.

%
@MCF = thousand cubic feet MBtu = Million Btu - both
- 5 — terms by convention




D. TECHNICAL PROPOSAL (VOLUME' I B)

SUMMARY

The direct use of geothermal energy would be a-
chieved by modifying the present steam supplied
space heating system in a six acre greenhouse to
accept the use of geothermal water of moderate
temperature. Approximately 70 billion Btu of
energy (20 million Kwh) will be displaced annually
from gas and o0il to geothermal energy. (See TableII)

Using 500 gpm source water at a probable temperature
of 170°F and reinjecting it at a temperature of

120°F would provide heat equivalent to 12 million
Btu/hr. The total use would amount to approximately
60 billion Btu annually for the greenhouse and an-—
other 10 billion Btu for the adjacent machine factory.

Drilling would occur on the 8 acre property of Utah
Roses, in the heart of the industrial belt known as
the Wasatch Front, with nearly one million population.
The property is ideally situated in what appears to
be an ideal geothermal drilling target area. Water
of less than 200°F temperature is sought, and it is
hoped to find this at a depth of less than 3000 ft.
Temperatures as low as 120°F can be used, but the
ecomomics will be less favorable. See Fig. 1 for location.

Using current fuel prices with utility company pro-
jections through 1982, payback, without considering
tax benefits, will occur in 8 years, if 180°F water
can be obtained. The utility projection is likely
optimistically low. :

DETAILED NARRATIVE
PROGRAM OBJECTIVES:

The overall objective is to demonstrate an economically
successful system for extraction of process heat* from
a moderate (120° to 200°F) temperature, geothermal re-
source. The outcome will be competitive over similar,
but conventionally powered facilities. The application
is to an existing operation that is a small business.
Implicit in this success would be a reliable physical
system: reliable operation, needing minimal repairs.

A supplemental benefit is to increase the reliability of
tapping potential geothermal sources such as these that
lay under large population centers. This would come
from the demonstration that a resource of satisfactory
temperature and productivity exists in a region where
there was positive but not conclusive evidence that a
useable resource for space heating exists at economical
depths

*The production of roses requires the maintaining of the app-
ropriate envirorment for the process. This is a much more

energy intensive process than merely maintaining temperature,
For instance, fresh air for CO; & humidity control is a dem-

anding requirment.
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TECHNICAL BACKGROUND

Utah Roses in common with florist and nursury operators
across the nation, has been concerned about the rise in
energy cost and their access to it. An endowment

fund has been established among the Society of Ameri-
can Florist to promote R&D efforts beneficial to their
industry. Solar energy has been proposed, but with-
out extensive storage facilities must be considered
Unreliable (except for sunny day heating capability).
Adequate and cost effective system do not exist for
storage of solar energy to provide for extended, cloudy
periods. It was this unreliability that lead the floral
industry to fossil fuels for space heating. A

current estimate of their total national gas consump-
tion is 40,000,000 MCF* (4x10*° Btu = 0.04 Quad) annually.
The setting of Utah Roses, near a moderate temperature
geothermal source, 1s shared by a number of other comm-
ercial nursuries with greenhouses in the Rocky Mountain
West. Thus the concept was developed that if geo-
thermal could be shown to be practical for Utah

Roses, it would also be applicable for other floral
businesses. Taking the incentive, Utah Roses con-
ducted a study of the technical and economical merits
of a geothermal system in 1976-~77. Concluding that
such a project had substantial merit, but unable to
bear the risk of drilling dry wells, Utah Roses sub-
mitted an unsolicited proposal for cost sharing of

the project, paricularly that of drilling the wells,

to ERDA in May 1977. Since this type of project would
fall under the soon-to-be-issued, original DOE/PON,

no action was taken. This second proposal by Utah
Roses 1is a strengthening and refining of their original
concept, designed to meet the encouragement and quide-
lines of the current PON. Fig. 2 shows the Utah Roses facility.

PRESENT AND PERSPECTIVE USER GROUPS:

Utah Roses would be the sole immediate user. An adjacent
machinery factory, Beehive Machinery, Inc., with 50,000

sq. ft. and an annnal space heating energy consumption of
15,000 million BTU is a second near-term potential user.

This demonstration project in a metropolitan area, would

be readily accessible for exhibit to other florists, HVAC
engineers, drillers, equipment manufacturers, architects,

and civil engineers, schools and universities, and civic
leaders. 1In addition to personal visits, the national org-
anization among florists, Society of American Florists (SAF),
has a monthly newsletter for posting the results of this pro-
gram as well as yearly conventions where details can be re-
viewed. A proven, working geothermal well, allowing a small
business a competitive edge over the market because of the
lower energy costs, would provide considerable incentive

* MCF = 1000 cubic feet
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to develop the geothermal potential all along this
fault zone - Provo, Salt Lake City, Ogden and Logan as

a start. Much of the needs of commercial processing
and space heating are of low or moderate temperatures
where 170°F geothermal water would be ideal and tempera-
tures as low as 120°F could be adequate. Furthermore,

it would be a project that a small business could identi-
fy with and duplicate.

ENERGY DEMAND

Approximately 40major floral greenhouses are located in
the Idaho, Utah and Colorado region. Moderate temper-
ature geothermal sources have either been found or are
quite probable throughout these states, even near the
centers of population. (Not to mention California,
Oregon, and the southwestern states.) The total annual
gas consumption in the Intermountain West by these major
greenhouses is about 5 x 106 MCF (5 x 1012 BTU). These
needs could be almost entirely met with 170°F water
with wells no deeper than 5000-6000 ft. and more prob-
ably 2000-3000 ft. deep in most cases in these western
areas. Similar temperature reservoirs are believed to
be common in many parts of the east, but at depths ex-
ceeding 5000 ft. These may eventually prove feasible
for economic development.

Nationwide the prospects are much more encouraging,
particularly now that DOE has launched a "normal
gradient" geothermal direct heat program in the
eastern states. According to U.S. Department of
Agriculture statistics, there is in excess of
137,000,000 square feet of greenhouse space in

use at the present time for flower production. (See
Table I.) Estimated fuel use is in the range of
40,000,000 MCKF of natural gas or the equivalent

in other fuels, primarly fuel oil.

Leaders in the flower-growing industry are serious-
ly concerned about the future source of heat for
greenhouses. The Society of American Florists*
Endowment, a research fund for the industry, has and
is funding research programs on heat conservation

in greenhouses and on solar heating. Energy costs
for most greenhouses have more than doubled in the
last four years, and they are expected to double
again.

Solar heating for greenhouses is far from feasible
now, because of the large amount of heat needed to
be stored. Cost effective storage methods have yet
to be devised.

b

* The principal investigator, Mr. Ralph Wright, is the

immediate past-president of the 6500 member Society of
American Florists.




Yet, the industry is ready to change. The heating
methods outlined in this project could be adopted
immediately, and cost effectively, by the industry.
Also, it is possible that the greenhouses that might
be able to utilize geothermal heat resources could
serve as the nucleus for a heat-supplying company
to supply heat to businesses and homes in the vicinity
of the greenhouses. The funds now paying for the
greenhouse heat load could serve as the source of
funds that would be used to discover and develop the
reservoir, and, once available, the reservoir could
be used to serve other customers.

TABLE I

Total Heat Load in Greenhouse Industry*

Twenty~three states:

Production Area: 1976 Sg. Ft.
Standard Conditions ' 28,768,000
Miniature Carnations 2,706,000
Standard Chrysanthemums 22,441,000
Pom Pom Chrysanthemums 37,412,000
Potted Chrysanthemums 17,689,000
Hybrid Tea Roses 23,420,000
Sweetheart Roses 5,240,000

Total square feet 137,676,000

*Source: USDA: Flowers & Foliage Plants, Production & Sales,
1975 & 1976

Sp.Cr. 6-1(77)

Using a variety floral greenhouse in Farmington, Utah
(between Salt Lake City and Ogden) as a typical case:

1976, natural gas used: 93,355 MCF for 250,000 sg. ft. =
.373 MCF/sq. ft.

Project usage for seven major crops in twenty-three
major producing states:

137,676,000 x .373 = 51,333,000 MCF of natural gas, or the equiv-
alent in other fuels. (9.2 million BBI of oil.)




Table II shows that Utah Roses' 1978-79 season gas and
oil bills will be approximately 13% of gross expenses
Utah Roses is supplied natural gas by Mt. Fuel Supply
(of Salt Lake City) that has one of the lowest rates
in the nation ($1.22/MCF presently with a boost to
$1.35/MCF scheduled later this year for interruptible
industrial customers). In neighboring states served
be Intermountain Gas, the rates are $2.25/MCF for in-
dustrial customers, closer to the national average.

In examining the range of heating costs in Table III,
category I, the coldest areas of the country, repre-
sent the greatest incentive for fuel cost reduction.
Category 3, the warm regions present the least incen-
tive. Indeed many floral items (roses in particular)
grow poorly in very warm conditions, and forced
ventilation and evaporative cooling becomes the major
cost consideration in this area. Salt Lake City
(location of Utah Roses) lies midway between category
1 and 2 with about 6000 degree F - days of heating
requirements, and about average sunlight (annual in-

tegrated total). Thus, the Utah Roses situation does
not represent the most desperate type of situation,
either in climate or in fuel costs. Yet Utah Roses

feels very high incentive to find an alternative fuel
supply, in part because the gas supply is demand in-
terruptible..  (Fuel- -oil~heating costs are 220% those
‘of present gas costs.)

A real but still intangible and hence difficult to
estimate benefit of a geothermal heating system to

the floral industry is the flexible options offered

to increase productivity and quality by better con-
trol of envirenment. Fresher air and better humidity
control will be practiced if the incremental cost of
the additional heat energy is virtually zero. It 1is
not unreal to anticipate 10% higher yields, perhaps

by increasing energy usage 30%. If this increase

added 30% (instead of just a few percent) to the en-
ergy bill, such practices would not be cost effective.
An even more intangible benefit is the option of en-
hancing quality with better climate control. The
returns of such an effort can be tremendous in terms

of a more stable and higher priced market. Experiment-
ing with quality enhancement of the product by more en-
ergy consuming climate control would not be attempted
with expensive fossil fuels. (62° to 64° with low humid-
ity is considered ideal climate for roses. Maintaining
COy enrichment consumes about 600 MBtu annually, less
than 1% of fuel usage.

Should the above arguments be construed as a push toward
profligate use of geothermal energy, we hasten to stress
that these are merely some of the advantages that Utah
Roses lists in arriving at -its decision to develop its
own geothermal resource. The net result, in DOE's eyes,
is a reduction in scarce fossil fuel consumption and a
demonstration to prompt similar geothermal attempts else-
where.




TERLE 17
UTAhE SQOSES FUEL CONSUHAPTTON
EERORTED IN MCF 0GR MITU*

1975 1976 1977
Jon P21 9028 11145
LRk 10230 Gu77 10050
MAF: BEEY 7743 8983
SR 6513 5607 5284
LY 402t 3346 5045
JNN 2020 1980 197
JNL 244 €75 85
ALG 1141 1167 143
TP 2111 2938 2028
ner 7425 5018 5141
NCY 9174 7870 7681
DrC RETL 0400 0957
FUET OTL* 5500 3000 0
YOTRT 73310 6B14E 65739 |

*¥CF = THCUSEKD CUBIC FEET:(@&mU = MILLION ETU
**RT 180,000 BTU/QAL (O
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TABLE IIT
VARIATTONS IN FLORAL GREENHOUSE HEATING
COSTE NATTOKHWIDE

TYPICAL RPPROGXTMATE TYPCIAL FRACTION
BEATIRG METU ANNUALLY NATURAL CF GROSS
SEESON FCE ACRE GRS COST EXPENSES
LOCRTION DEG.F+-DAYS OF GCREENHOUSE* S/MBTU FOR HTG*~*
1-H.THTYRUTY
WEST, NEW 65000 12,000 1. 20 9 %
ENGTAND,X, Te TG TO TO
PLRAINS S5TE, a000 18,000 3.00 34 %
2GS THTFR¥TN
WEST,PIDDLE 30600 5,000 1. 50 5 %
PLEING aT8,., T TO TG TO
BID-ATLANTIC £000 13,006 3.00C 24 7
STAETES
3=CALTFORNIB 1000 2,000 1. 20 2 %
COLET, DESERT TO TC T0 TO
S¥ & SEosTS, 3000 7,000 26 50 11 %

*%SSUFINC THE GREENHOUSES ARE IN AN ARRAY OF ATLEARST ONE ACRE
OF TOTRL ARER. SMPLLER UNITS WITL HAVE LARGER HEAT LOSS.

TPASSUNES THAT OWF ACEE OF GRPEROUSE GROSSES $160,000 ANNUALLY.
I8 FIGURING THE RANCES OF COSTS, PCCOUNT WAS MADE FOR VARYING
CLOUD COVER EVEN WITHIN THE GOON GREENHOUSE AREAS.




D.2.e. ESTIMATE OF OVERALL LIFE~-CYCLE ENERGY COST/INITIAL
& LONG TERM SAVINGS

Table IV summarizes the savings compared to natural gas,
the investment costs in the new system, and the projected
cost savings over 15 years by using a goethermal system
instead of a conventional system. For purposes of com-
paring with a brand new facility, a conventional vs a
hybrid geothermal-fossil system are compared. Both systems
are assumed to have a I8 year lifetime. The additional
electrical expense comes from the power demand of the
pumps particular to the geothermal system. The Salt

Lake City area uses coal predominately in its electric-
al power production network. Thus a much less amount

of a plentiful fuel (coal) is used to power a system
which uses a renewable resource (geothermal) as a re-
‘placement of a scarce fuel (gas). The energy used to
develop and install the geothermal system will be minimal
(a few percent) compared even to the first years facility
operation and has not been computedX

Designing For Total Cost/Benefit Effectiveness The

Utah Roses facility already has an operable gas/oil

fired steam heating system. It is prudent to adjust the
capital investment in a geothermal system to give optium
cost benefit by using the conventional boiler to peak

the system on the coldest of days. Figure 3 shows a
temperature frequency plot for Salt Lake City. It is
apparent that to add geothermail heating capacity to
supply needs below an outside temperature of 25°F would
not be cost effective in general. The exact design point
could only be determined once the production well water
temperature, water quality, and productivity are known.
But for an example, designing the geothermal system to
"hold its own' at 25°F, will require the conventional
system to burn 5% of its present normal annual fuel use
in order to supply the difference. (The conventional
system is only capable of maintaining 60°F inside with
outside temperature as low as 18°F. Lower temperatures
than this are not uncommon in Salt Lake City, though less

than 10°F is rare.)

SYSTEM DESCRIPTION & HYDROTHERMAL POINT OF
APPLICATION

The complete facility is comprised of the well system,
the pumps and motors, the heat exchangers, the distri-
bution system, the control system and the disposal
system. The well system would consist of two wells,

a source well (nominally supplying 170°F water) and

a reinjection well. Based on experience with the
first well, if it is not highly successful, it is ex-
pected that the second well to be drilled could be
designed to produce more energy (fluids and temper-
ature) than the first. In such a case, the best pro-
ducing well will be selected as the source and the other

* (We cite, as an example in a related, highly capital intensive industry,
nuclear power. There a study by DOE showed that total energy consumed in
building the plant was only 8% of the first years' energy production.)




TABLE IV

LIFE CYCLE EMNERGY COST AND SAVIMGS
1988 TO 1395

EMERGY SAVIMNGS ANMUALLYCL> — 75, 8o MILLION BTU. GAS & OIL

TOTHL OYER 15 YERRS LIFE CYCLE - 4. 12 ¥ BILLIOM ETU, GRS & OIL

LEZS ADDITIONAL ELECTRICY CONSUMED
ANMUARLLY ~ 206, 880 EWH EQUINVALENT TO P90 MBTU (23
OVER 15 YEARS - 412, 006, aaa KH EUUI?HLENT TO 114, 88a METU

g
s * £ :
. 4; ) 23 f i a

o b V Lo
MET SAVINGS UF FoO==IL FUEL -~ 6 » 488 METU AMMUALLY ;o2
- 1. 2 EILLIOM BTU OWER 15 ?EHR’ I
A??;ﬁﬁig%h j

COST OF EMERGY SAVED - ASSUMING 21, 84-°MCF GRS PRICE PROJECTED
EBEY MT. FUEL SUFPLY FOR 1982 WILL ESCA-
LATE AT 2% ANNUALLY UNTIL 19920, THEM 12X
AMMHUALLY TO 1235 (ASSUME NET ENERGY COST
OF ELECTRICITY AT BUSBRAR IS DETERMIMED
BY THE EQUIVALEMNT COST OF GRS FIXIMG THE
’ : GENERATING PLAMNT. 2

TOTARL DEBT COST

IF AMORTIZED TOTAL DEBT
TOTAL MWET OVER 45 YRS AT 16X COST IF S YR
FUEL SAVINGS COST OF CRPITAL AMORT. AT 1ax
THEL 1985 ¥ 745, 008 ¥ E52. BBA #1. 4123, 600
THRU 1999 1. 753, aERa 1, 224, B89 1,422, 888
THRU 1935 47, B 2, B8z, vea 1, 123, 886

LEZ, @28 808 IF
HOT ESCAHLATELD
AFTER 13822

Cld INCLUDES 18, 886 MBETUY FOR BEEHIVE MACHIMERY. IMC.
t2y BRSED OM ELECTRIC POMWER PLAMT HEAT RATE OF 29508 BTUSELHR
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as the reinjection well. The source well should be

able to supply at least 500 gpm of 170°F water when
pumped. Standard geothermal well drilling techniques
will be followed in terms of casing, well head finish-
ing and discharge/supply lines. Very careful monitor-
ing of the drilling will be enacted to provide accurate
data and avoid drilling inadvertantly past a moderate

or low temperature geothermal strata. The discharge
line will feed into a water-to-water heat exchanger

at nominally 170°F and into the reinjection line from
the heat exchanger at 40°F less with a line pressure

of 60 psi to prevent losing dissolved CO» (as biocarbon-
ate ion). Experience has shown that scaling problems
are minimized or almost non-existent if low-to-moderate
temperature geothermal water is kept pressurized and the
salts in solution. This prevents the formation of

CaCO3 scale. Silica scaling will not occur with 300°F
geothermal water unless it is cooled below 100°F. At
that temperature, the amorphous phase solubility becomes
less than the 300°F crystalline phase solubility. There

are few other deposition/scaling problems of significants.

The drilling plan is preliminary, presented in Figure 15
This plan would not be finalized until all nearby well
drilling logs had been examined and conclusions drawn on
the best approach to adopt in the near surface (first
1000 ft.) where loose unconsolidable formation might be
encountered. Well head equipment would be procured con-
ventionally using off-the-shelf equipment. A complete
geothermal unit (such as WKM) would be purchased if steam
pressures were to develop at the surface.

The pump system would consist of one large pump and motor
of nominally 200 HP and one or more smaller circulation
pumps. (The large pump would supply 500 gpm of geotherm-
al water into a head of 1500 ft., or 1000 gpm into a 750
ft. head. The selection would not be made until well
drawdown charecteristics were determined). The smaller
pump (s) would handle the secondary ion-free hot water
system for the water-air heat exchangers used to heat
the greenhouses. (Figure4.)

The heat exchanger system would consist of one

large counter flow unit to transfer energy from the
geothermal, primary system (pressurized) with ions in
solution, to the hydrothermal, secondary system with a
minimum of ionic content. About 1800 sq. ft. would be
needed in this unit. The smaller, water-air units would
heat the air inside the individual greenhouses. The
secondary lines would be ordinary galvanized steel pipe
with 3 inch diameter trunk lines and 3/4 inch diameter
branch lines. The primary lines would be of steel and
nominally 6 inches diameter. - Fig. 5 shows the present
layout of the greenhouse facility showing where the
well and main trunk lines would be placed.

e-.13-




RE- INJECTION WELL

} FLOW |
‘OR A
3S i
i
i
) O O i
|
i
i
|
) O O :
i
- s
s i
S ) 4 | | |
Q | : I
<
2 | GEOTHERMAL ) O = i
| WELL i
<
© i
, i
DISCHARGE ‘-ﬁ-’-: o
INTO ..‘..._ _L A 3
CANAL ) O o O
CIRCULATION
PUMP ;,
) O O O
) O O O
JL‘mmh o=n B BEm = e B eE=m
|
SCALE PROJECT NO.
DATE
REVISION SHEET NO.




e o o v s o e s e e e e e s e e

RE- INJECTION WELL

ORIZONTAL AR FLOW
RIPHAL RADIATOR

DOWN AR FLOW

-

.
o

/

L ' =

z D °
o B o =
L] . a 2 —lllll‘ll""ll “ M e s T e e G s TR e Sne e b Ean S o wh < Tﬁm .w,
wE - it e = . 3 g%
Os E 3oy i - v 5 &

w T 3
o < r & > 2

[11] w oo~ < Z 8

a xr I W = N & &

= < =
-t O z < =2 e 5 °
< S = =3 BN 22
1T} Z W I © | o i < =
T b= - - g = ®
=< = - i 18 L 3 i g 2
0 =5 i [ i T | =
a2 L | ;
< ] 1= d
58 | o |||

. 1

i = __.mm w
. i &
7 _ E
pp— 5

QL0 Q@

D
domn omn _m_d-mm_m—n-d-_mmduﬁmmL-

& -

GEOTHERMAL
WELL
CIRCULATION
PUMP

|+
|

" N z
TYNYO YNITVO 4wl 2
3| 3| &
&
—l
ToZ
HTN a g
GE€< wl | 823
@ © 5| 5| 5jas
e & =| 2jos
&) 8| &lE




Presently, the installed heater complex is as follows:

a) Perimeter pipe heating, 1%" pipe, 16,000 ft.
This provides about 1.5 x 106 Btu/hr.
(up to 4 lines on outside walls, 2 to 3 lines
between bays).

b) 12 Units, Modine Model V1020 (357,000 Btu/hr.
on 50 psig steam) downward discharging on per-
iphory of east greenhouse.

c) 36 Units, Modine Model V675 (236,000 Btu/hr.
on 50 psig steam) downward discharging on in-
terior of east greenhouse.

d) 21 Units, Modine GHS 296 (444,000 Btu/hr.
on 50 psig steam) horizontal discharging with
plastic tube distributors to end of greenhouse
and motor-controlled louver.

Boiler capacity is 23.5 million Btu/hr. and can maintain
62°F inside with 18°F outside (5 mph wind or less).

Figure 6 shows the performance characteristics of the
V-1020 heater units. Use on hot water at 180°F reduces
the energy output to 1/3 compared to 50 psig steam.
This hot water rating is taking a 40°F T water temp-
erature reduction through the unit. Under these con-
ditions, the V-1020 units each would required 5.8 gpm,
and would use 295 gpm.

There are several options that are being considered for
retrofit. 1In each case all of the peripheral pipe would
carry geothermal water, and might be added to with add-
itonal finned tubing. (The present pipe is badly corrod-
ed externally and would be cleaned, but would not be
finned.) The heater options are:

1. Convert part of the present steam system to
geothermal water plus the additional units.
Retain part of the 0ld on pure steam. Use
"steam bleed into a mixing bank to boost the
geothermal water.

2. Convert everything to hot water, using steam
bleed in a mixing tank.

3. Retain the present system and install a com-
pletely independent geothermal system.

The option to be chosen will depend on the geothermal
source, temperature, flow rate, and water guality.
Concerning the latter, we nominally prefer the use of
a primary heat exchanger and a secondary circuit with
corrosion inhibitors added. Since some metallurgical
effects can be anticipated from the geothermal water,
it is best to concentrate this in one unit. This app-
roach also avoids requiring steel (instead of the cus-
tomary copper tubing in all the heaters.

~15-




Fig. 6
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D.2.h.

The cost of doubling (exact duplication) of the present
heaters is approximately $31,000 plus installation.
Converting portions of the present piping to carry hot
water will require some additional mechanical support,
but these modifications will be minor.

Figure 5 shows the present Utah Roses complex of heaters,
as they would be connected into the geothermal system as
in option #2. Placement of additional heaters will be
determined during the final design, based on the charac-
teristics of the well.

The control system would consist of all those components

to control the pumping rate, motor operation, valve

action, heat output, etc. Final design and specifiamtion
of these will depend on the temperature and capacity of the
source well. In general, the finished system will be on

an operating convenience par with conventional systems it
replaces, which are all automatic. A variable speed pump
motor would probably be employed to minimize stops and
starts.

The performance monitoring system would consist of temp-
erature and pressure probes and flow meters coupled with
data storage units to adequately monitor the physical
state of the operating system. Retrofitting recorders to
control points on the present unit would be considered.
This data will be reduced to provide the performance fig-
ures for the required reports and the systems efficiency.

The deepwell pumps and motor and large primary heat ex-
changer are the long lead-time items for this program.
The lead times on these would be 6 months.

FINAL SPECIFICATIONS

Preliminary design specifications have been the basis of
this PON. Final design specifications are dependent on
the wells first proving themselves and then on the cap-
acity and temperature of the source well. When that data
is available (completion of Phase II) preliminary des}gn
specifications (in report form) will be prepared. Using
these, final designs will procede, resulting in specifica-
tions for the heating equipment.

= ] F e




D.2.1i.

DESIGN/CONSTRUCTION/INSTALLATION SCHEDULE

The graphic presentation of the schedule is shown

in Section 0-3-c of this volume. The schedule is

based on a start of the contract by mid-January 1979%,
after completion of negotiations following award on
December 15, 1978. The principal constraint on schedule,
imposed by nature (weather) and floral business con-
ditions, will be the necessity of making major retrofit
installations in the greenhouse between mid-June and
early November.

Phase I - Preparing for Drilling

Environmental report preparation will commence
during negotiations and be completed and the
reports delivered about one month after con-

tract signing.

Acceptance of Environmental Assessment position

is projected for one month later, as word from DOE.

Decision

Point = Drilling conceptual design and approval to
drill should be available by early May (two
months after environmental acceptance.)

Note: The above part of the schedule is the most easily
shortened portion, if approvals of documentation
are received in a timely manner. As much as two
months could be shortened at this point, provid-
ing some slack time on the long-lead time com-
ponent procurement and installation schedule.

Phase 2 - Drilling, Testing, Evaluation and Remedial
Action If Necessary

Completed by mid-December 1979.

Note - The drilling contracting schedule is realistic
based on present heavy drill-rig demand. However,
we suspect that o0il and gas drilling demand may
slacken by next year and that several months
might be trimmed from the schedule. We have also
chosen a drilling schedule which does not cross
fiscal years. The latter may not be a necessary
constraint.

Decision
Point - Decision as to whether the resource is adequate
and how useful, would be made by mid-January.

Phase 3 - Design for Using the Heat

The necessary lead time for procuring pumps and

especially heat exchangers is critical in order

to meet the mid-June to early November installa-

tion "window" for accomplishing the construction.
*We have chosen a month later start date than estimated by DOE in its
May 22 Questions and Answers because of floral industry rush season
through Christmas. - 18 =




D.2.3.

D.2.k.

Install small test geothermal heat exchanger (if
well is artesian). Obtain metallurgical data
from thisvunit for 3 months.

Six months lead time for ordering and delivery
is scheduled for the primary heat exchanger,

the down-hole pump and the reinjection pump.
Other items have shorter lead times. To gain
useful design data, a small heat exchange system
would be placed on test for 3 months, begining
in February 1980, if the well is artesian.

Decision
Point - Design approval on heat exchanger and method
and design for disposal of used fluid.

Phase 4 - Construction

Ordering equipment and installing it. Scheduled
for completion in early October 1980.

Phase 5 - Start-up, Operation, and Evaluation

Beginning in October 1980. Evaluate through
one heating system.

Phase 6 - Reporting and Information Dissemination

The final report would be completed by September
30, 1981.

Note

The above schedule gets a small geothermal unit
(-300,000 Btu/hr) on the lines by late winter
1979-80. The complete system will only be ready
for service at the start of the 1980-81 winter.

DRAWINGS OF PROPOSED SITE AND FACILITIES

Figures 7 and 5 show, respectively, the plot plan of the
Utah Roses property and the arrangement of the present
heating system if it were entirely converted to geotherm-
al. As discussed in D.2.f, additional heaters will be
needed, depending on the resource conditions. All activ-
ity will occur on Utah Roses property.

PLAN FOR DEVELOPMENT OF AN OPERATION AND
MAINTENANCE MANUAL

A manual describing the new system, recommended oper-
ating procedures and equipment specifications will be
prepared by Forsgren, Perkins and Associates. Copies
of this manual will be distributed to appropriate
personnel in the organization of Utah Roses for oper-
ating use and reference prior to start-up. After sev-
eral months of operation, revisions as required will be
made to the manual by Forsgren, Perkins and Associates.
Operation and design references will key to applicable
ASHRAE, state and local codes.

- 19 =
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2.

ACCEPTANCE TEST PLAN

Testing will involve distinct components: a) the wells,
b) the pumps and motors, c¢) the primary heat exchanger,
@) the distribution system, é) the secondary heat ex-
changers, f) the control system, g) the monitoring

system, and, finally, the overall efficiency and performance.

a) Wells. The wells will be monitored for temperature
and chemical content as they are drilled. Drilling
depth is estimated to be in the range of 1,500 -

3,000 ft. deep for 170°F water. Performance testing
of the well will be done at time of drilling. The
criteria of success are 1) 150°F temperature or
greater and 2) ability to pump to get 500 gpm capacity
with 20-year computed drawdown not to exceed the pump
setting depth.

b) through g) These components will be brought on line
and monitored to see if they meet désign operating
specifications with no operating failures following
established industrial practice.

Efficiency and Performance. An assesment of this will be
made on the basis of the operating data over a heating
season (Phase 5) and a statement prepared for Utah Roses
by Forsgren,; Perkins and Assoc¢iates showing the per-
formance parameters and efficiency of the system. The
same analysis will be included in report.

Specifically, the heating system acceptance test plan
will include balancing of the heating system, measure-
ment of heater performance, and monitoring of disposal
system operation for the initial one month period.

Heater Performance - To establish initial perform-
ance

Measure: Water AT vs inlet T for variety of
conditions. Report air temperature
outlet and inlet. Pipe-strap therm-
ocouples for water and probe therm-
ometers for air. One unit will be
equipped with a flow meter - orifice
Ap unit.

Primary Heat Ex-

changer - To establish initial performance
(parameter range) for later compari-
son to determine if fouling is ocurr-
ing on heat exchange surfaces.
Inlet and outlet primary and secondary
temperatures and flow rates. Flow rate
will be with orifice - Ap unit.
Variation in conditions will give a
short curve range on the variables.

= 21 -
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D.2.m.

D.2.n.

Disp03a1 systém Performance and/or Monitoring

a) If reinjection well: measure pressure draw-up
and calculate transmissivity for later compar-
ison, to see 1f formation is suffering with
time.

b) If surface Qischarge ditch: monitor condition-
ing facilitles (spray pond), HZS levels,
radioactivity (initially)

System Balancing - Adjust heater orificing (valves)
to provide the appropriate uniform-
ity (or non-uniformity as required
by horticulture conditions for vari-
ous flowers grown). Do same for
several different outside climate
situations. Include changes in sett-
ings vs. outside weather in operat-
ing manual.

RELEVANT ENVIRONMENTAL AND INSTITUTIONAL STUDIES

The environmental impact of the operating system is
expected to be very minimal. The primary and second-
ary systems are closed loops - avoiding any question
of unacceptable discharge, if reinjection is emploved.

An environmental assesment will be filed within 60
days (our schedule sets a 30 day goal) from time of
contract signing, according to the guidelines and
procedures for DOE-DGE Guideline ERHQ 0001.

We do anticipate that unusual thoroughness will need
to be applied to the analysis for the environmental
report. Geothermal energy is a new concept to be
applied to the Salt Lake Valley, and many citizens
will probably express concern. Exaggerated reports
of adverse environmental effects from southern Utah
geothermal developments may be incorrectly extrapo-
lated to the Utah Roses situation.

THE PLAL, TO ATTRACT OTHER USERS OF GEOTHERMAL ENERGY

Sandy is readily accessible to a high percentage of in-
dustrial Utah and within 30 mile of its two major uni-
versities. When the well is proven, then a series of
press releases will be initiated with the major papers,
covering the project an its progress. When the system
comes on line and its advantages are verified, then
appropriate detailed reports will be made to the Utah
Academy of Science, engineering departments of the
colleges and universities, the State Legislature (when

= 22 o~




in session). Reports will also be submitted to the Society
of American Florists Roses, Inc., and other floral trade
association monthly newsletters. 1In addition, Forsgren,

Perkins and Associates will have representitives make reports,
give technical and/or business analysis talks at suitable
levels to local business organizations, technical organ-
izations, and technical societies.

A key element to be stressed is that most cost analy§es
predict more substantial savings when business or private
groups drill their own well - compared to buying.geo—
thermal energy from a resource developer. The risk tbey
are reluctant to accept and usually unable to afford is
that of a dry well. The more successful wells that are
brought into existence, the more probable the success of
a new one. And that is a major part of the justification
of a program like this that has its setting in a large
industrial and urban area - where the potential for eco-
nomical geothermal applications and the associated savings
in cost and scarce fuels are great.

Reviewers are referred to Section 7 of Vol. II A where
the Public Awareness approach is discussed in more detail,
stressing the national reputations that the principals
have in the floral industry and the goethermal and energy
community.

"As to expanding the use of geothermal energy from the

Utah Roses project, much depends on the productivity and
temperature of the discovered resource. Beehive Machinery,
Inc., the adjacent factory, is interested in making the

conversion of an economical’price. They will add 15%

to 20% to the Utah Roses load. A major new shopping center
is being developed, within two blocks, and a large
pharmaceutical laboratory is less than a mile away. If
Utah Roses has excess geothermal energy available) they
would definitely plan on making a business proposition to
those other organizations. A second production well at

the opposite end of the property is a distinct possibility.
The 800 ft. spacing should reduce interference between
wells to a negligible level.

-

All other adjacent land is currently unoccupied, but
"ripe" for industrial development. Utah Roses would
sell geothermal fluids to any new industries to the

extent its well can supply these additional needs. _
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D.3.a.

MANAGEMENT PLAN

Utah Roses and Forsgren, Perkins and Assocliates
both have a proven record of expert%se, versa-
tality and successful growth in their respective
fields.

Utah Roses is one of the larger floral companies

and markets its products across the western states

and at several locations on the Atlantic seaboard.
Their management ability has provided their growth

and the foresight to aniticipate the need for a
program such as this PON. They have the depth of
leadership to see this project through to a success-
fully managed acquisition of new technology. (Their
growth rate has averaged 20% each of the last 3 years).

Forsgren, Perkins and Assoicates, P.A. This comp-
any is a multidiciplinary consulting engineering
organization, operating under its present charter
in the state of Idaho for the last 15 years. It
provides engineering services to a variety of in-
dustries, to towns, county, city, and the state
government. Since its beginning in 1963, Forsgren,
Perkins and Associates has been rewarded with the
opportunity to meet the many engineering challenges
attendant to new developments in the intermountain
area, using their personnel, experience, and facili-
ties accordingly. Presently, Forsgren, Perkins and
Associates handles the fesibility studies, design,
funding arrangements and implementation management
for projects and studies amounting to an equivalent
of $10 million for construction project yearly.

TECHNICAL APPROACH

The engineering skills and experience to design
and implement a project of this nature are avail-
able and proven. Supervision of geothermal well
drilling, geothermal well preparation, installa-
tion and choice of heat exchangers, distribution
lines, reinjection, control and performance moni-
tor installations are all within the range of the
team's successful engineering experience. It is
reasonably certain that drilling will produce an
adequate amount of hot water. Heat conversion
system fabrication is expected to be completely
successful. One scheduling limitation exists be-
cause of the heavy business from November to June.
Retrofit inside the greenhouse must therefore take
place between June and October. This is an appro-
priate time anyway, as the heating load is least.
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Well Drilling Success (Phase 2)

We are reluctant to place a probability figure

for the expected degree of success on the primary
uncertainty (problem), the success of striking

the desired resource. There are so very few

case histories for low-to-moderate temperature
geothermal energy that statistically assigning a
probability to success is without foundation.

What is certain is that there is hot water direct-
ly under the location but its temperatue and depth
are unknown. If similar to that water at the surface
6 miles to the south, the source temperature is
well above the minimum needed, by some 50 to 150°F.
Finally, an inferred fault runs directly through
the location, further enhancing the chances of
getting a productive hot water well.

There is little question adequate temperature

will be found. The prime concern is well pro-
—ductivity. The project manager directed the first

production enhancement program on a geothermal well,

using sidetracking techniques with a Dynadrill (or

Turbo drill). In that successful first-of-a-kind

technique application, the RRGE-3 well's product-

ivity was enhanced 500% with only a 20% increase

in cost. (Such a remarkable improvement would not

occur in a homogeously fractured formation, only

in a heterogeneous formation.) Therefore, we are con-

fident that expected success on this well has better

than 50% possibility.

Disposal Problem (portions of Phase 3 and 4)

The other principal concern is disposing of the
water in a satisfactory way - environmentally,
economically, and with negligible effect on the
geothermal resource.

Because of the small quantity of geothermal water :
involved with this project, production and ultimate ;
surface disposal would not noticeable deplete the
fluid content of the reservoir. Disposal into the \
0ld Galena Mining Canal and ultimatley into Salt \
Lake would be permitted for high solids content. |
However, unusually high solids content, significant f
presence of poisonous elements, or HpS, would require |
either treatment or reinjection. We anticipate no ,
serious problems with reinjection which has been
practiced for many years on several space heating
geotheraml projects in France (having 10% dissolved
solids in the water). Forsgren, Perkins and Assoc-
iates personnel have had first hand experience with

the reinjection experiments at Raft River, which
worked successfully except for motor control problems.
Therefore we do not foresee any natural situation

that would prevent successful reinjection.
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D.3.b. ORGANIZATIONAL ELEMENTS AND KEY PROJECT PERSONNEL

Utah Roses will be responsible for the financing
of the project and will be the contractor to DOE.
Utah ‘Roses is responsible for the interfacing of
the modifications of their physical plant with

their commercial product preparation activities.

% The key personnel associated with this project,
% and their principal duties, are shown on the
Project Organization Chart. (Fig. 9)

As projects have become more complex it has become
essential to secure modern computer equimpment for
technical analysis design and management control
and accounting functions. These capabilities are
regularly updated to better serve and satisfy a
growing clientele'. Forsgren, Perkins and Associ-
ates is one of the three major computer software
vendors for Wang Computer Equipment throughout the
United States, Canada, and Mexico. Their profes-
sional staff has increased to 29 graduate engineers
and 60 support personnel. As a general consulting
office, Forsgren, Perkins and Associates provides
extensive experience in all areas of municipal and
county facilities, feasibility studies, envioron-
mental engineering and many other areas unrelated
to this project. The Company currently has operating
offices in four Idaho, two Utah, and one Washington
cities.

Program Manger - Ralph M. Wright, Chm. of the Board and
founder of Utah Roses. MBA from Harvard. Fourteen
years experience as an owner/manager of floral
business. Recent past-president of Society of American
Florists.

Project Manager ~ Dr. Jay F. Kunze, P.E., Mgr. of Energy
Services Div. of Forsgren, Perkins & Assoc. Six
years in developing and managing geothermal energy
program at Raft River and Boise as Mgr. Geothermal
and Advanced Programs at the Idaho National Engineer-
-ing Laboratory, EG&G - Idaho, Inc.

Deputy Project Manager - Dr. Klane F., Forsgren, P.E., Mgr.
. of the Salt Lake Office of Forsgren, Perkins & Assoc.
A chemical engineer with 12 years commercial indust-
rial research on new product development, and 3 years
in consulting engineering.

Geologist and Reservoir Engineer - Roger C. Stoker, Mgr. of
Geological Engineering for Energy Services Div. of
Forsgren, Perkins & Assoc. Four years experience as
chief geologist on the Raft River & Boise geothermal
programs. -

Operations Mgr. for Geothermal System - C. Richard Wright,
President and General Mgr. of Utah Roses. Bachelor
of Business Administration.
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D.3.c. WORK SCHEDULE

The task listing for this project has been organized
into 6 main phases (plus the "zero" phase that includes
preparation of this proposal) Each phase has a number
of tasks. ZKey decision points (three)occur after phasges
1,2, and 3. There are other minor milestone and/or de-
cision points, which are obvious from the completion of
a task in the graphical presentation that follows (see
fold-out schedule) -

This same listing of tasks is also repeated in the
Statement of Work, Section D.3.4., with some elabor-
ation.

s

The fold-out schedule (following) is not arranged in
PERT diagram fashion, primarily because the phases are
sequential, by nature of the program, requiring very
definitive decisions to be made before proceding with
the next phase. (The interties of a PERT network would
unduly complicate the schedule chart without adding any
useful information at this stage.)

D.3.d. PROJECT MILESTONES
Milestone Phase

l) Prepare for Drilling

2/15/79 Environmental report completed _
4/15/79 Additional required geology and geochemistry
.completed

5/15/79  Decision on type of drill rig, well specification

2) Drilling for Resource

6/ 6/79 Drilling specs complete; bid package ready

9/ 1/79 Driller under contract

12/ 1/79 Drilling complete on production hole

12/31/79 Production testing complete

1/15/80 Decision on adequacy and usefulness of well and
technical limitations on proceding with system
final design and construction. Should project
procede to final design? Should this well be
stimulated, used for reinjection? Should an-
other well be drilled to supplement the first?
Or should project be term1nated°

3) De51gn for U51ng Resource

2/15/80 Small scale test unit in operation in greenhouse

2/15/80 Order well pump

3/ 1/80 Permanent well head installed

3/15/80 Preliminary design report delivered

4/ 1/80 Disposal facilities and heat exchanger design

complete

4/15/80 Decision - Design approval of disposal facilities
and heat exchange system. If deep well
is necessary, appropriate plans to drill
must be added to Phase 4.
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4) Construction

4/15/80 Award purchase orders for large heat exchanger
(primary) and heaters for greenhouse
6/ 1/80 Interim report delivered
7/ 1/80 All heat exchangers, small pumps delivered
9/ 1/80 Final design report delivered
9/ 6/80 Downhole pump installed
10/ 6/80 Construction and installation complete, includ-
ing disposal system. '
5) Operation
11/15/80 Start-up test completed; full scale operation
commences ,
6/15/81 One-season data collection completed
9/30/81 Final report delivered
6) Reporting and Dissemination
Major reports shown above. Information dissemination

schedule will concide with particular milestones.

D.3.e. DEFINITIVE ASSIGNMENTS AND RESPONSIBILITIES

Ralph M. Wright is Geothermal Program Manager, respon-—
sible for all financial management and contracting
with DOE. He is Board Chairman of Utah Roses, Inc.

Jay F. Kunze is Project Manager for the Utah Roses
Geothermal Project.

Klane F. Forsgren is the Deputy Project Manager.
Kunze is Manager of Energy Services Division and
Forsgren is Manager of the Salt Lake City Office of
Forsgren, Perkins and Associates, P.A. They are
responsible for technical project management, and
for purposes of this project are responsible to

Mr. Wright.

C. Richard Wright will be the Geothermal Operations
Manager once the system is acceptance tested. He is
the President of Utah Roses and the principal hands-
on manager for the floral business.

Figure 9 shows the organizational structure/management
plan for the project.




Fig. 9
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" STATEMENT OF WORK

The tasks to bring well sites into functlonlng,construct
units completing the geothermal heating system and haV1ng
the entire system function successfully and economically
are, more specifically:

1) Preparation for Drilling

~a) Prepare and deliver to DOE an environmental
report in sufficient detail for DOE to write
an assessment. The purpose of the report is
to provide backup data to support an assess-
ment of insignificant impact on the environment.

b) Secure additional permits, as required, by State
of Utah and City of Sandy, for drilling oper-
ation.

c) Conduct additional geochemical analysis on at
least two nearby warm wells. Determine reser-
voir temperature indicators, using the dilution
model (chemical and enthalpy) on both SiO2 and
Na/K/Ca.

d) Assemble all relevant geological and hydrological
data for final review and analysis and formu-
late drilling plan.

~--Decision--- and approval from DOE to procede with drilling.
2) Drill for Resource
a) Prepare a drilling specification in format for

an RFQ, and issue to latter to drilling compan-
ies. DOE stipulations will be followed, as

directed. .

b) Review bids, inspect drilling equipment of
bidders, make selection of driller (with DOE
concurrence) .

c) Drill 3000 ft. well by managlng drllllng con=
tract, ordering bits, casing, cement and casing
services, etc.

d) Conduct logging and testing during drilling to
evaluate resource in well.

e) Once well is apparently complete, conduct full-
scale testing to determine reservoir parameters
and well production characteristics over long

term.

---Decision--- Is well adequate? What are basic system design
specs. Should well be stimulated, or project
abandoned?

3) Design for Use of Heat
a) Plan and conduct well stimulation if necessary
(Dynadrilling side channels, acidizing, etc.)
b)  Install small scale heater unit if the well is

artesian. This would be a single water-to-air
heat exchanger with same tubing material as be-
ing planned for geothermal water heat exchanger.
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c) Procure and install permanent well-head that
meets applicable code and goethermal regula-

tions. ’
d)  Specify type(s) of downhole pumps, obtain blds,‘

procure the pump through RFQ. .
e) Design disposed facilities that will meet the'””

applicable regulations for the type of geotherm-
al water being disposed. Ditching to the Galena
Canal (with proir cooling pond aeration) or re-
injection are apparently the only options. =
f) Design heat extraction system, considering the
need for or desirability of intermediate (prim-
ary) heat exchanger. Also design greenhouse
heating system, considering several options on
the mix between geothermal system and the pres-
ent steam system. The most cost-effective systenm,
with emphasis on saving scarce fuel is the de-
sired result for the particular geothermal re-
source conditions and the Salt Lake City climate.

---Decision-~- and approval on e) and f) designs
4) Construction
a) Install pipeline from well head to greenhouse
utility room.
b) Install needed electric power additions for
downhole pump and circulation pumps.
c) Build pump station and install pump into well,

with appropriate controls and monitors in the
greenhouse utility room.

a) Construct disposal facilities - either cooling
and filtering and pumping (if into Galenal Canal)
and environmental monitoring equipment, or drill
reinjection well and install pump.

e) Specify and purchase retrofit heat exchangers
(air heaters) for greenhouse.

f) Specify and purchase intermediate (primary) heat
exchanger.

g) Purchase other miscellaneous equipment.

h) Install heat exchange and heating system.

5) Operation

a) Start-up and check out unit ready for operation.
b) Collect operational data during most of one
heating season.
c) Perform economic evaluation of long term use
of system.
d) Prepare operating manual which will specify

the most economical method of operation between
geothermal and steam.

6) Reporting and Dissemination of Information

a),b),c),d),e) - Prepare the necessary reports for
DOE as specified in the PON.
e) and f) Prepare press releases, business and tech-
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nical articles for trade journal, and make the
facility available at certain times for inspec-
tion by persons interested in a successful geo-
thermal application. :

In general, the above tasks are listed sequentially and num-
bered to correspond to the schedule and budget. Some time
overlap naturally occurs between tasks.

TAELE V

HELLS AND ARUIFER PUMPING IN JORDAN YALLEY

TOTAL WELLS - 14823 ¢1971 DATH>

LESS THAM 188 FT. DEEP 2321
188 TO =280 FT. 23959
280 TO S84 FT. 1216
o8e T 1988 FT. 284
MORE THAM 1806 FT. 18
DEFTH UMNEMOWM 2321
DIRMETER
=" OF LESS e298
2 1.4 To & 41322
MORE THAM &" r38
DIAMETER UMEMOMM 599
LG 7’3
ANMMUAL. PUMPING <1965) 187v. 888 ACRE-FEET
TOTAL GROUND WATER DISCHARGE 367, BOG

CINCLUDING EVAPOTRANSF IRATION. SEEPS, FLOW TO GREART
SALT LAKE. ETC. »

STORAGE IMDEM FOR PRIMCIPAL

UNCOMNFINED AQUIFER S8, 80A ACRE-FEETAFT
CAPPROXIMATELY
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THE GEOTHERMAL RESOURCE
.a. TOPOGRAPHY

The proposed geothermal site is within the Jordan Valley,
a structural valley in the Basin and Range physiographic
province. The valley occupies about 400 square miles with
Salt Lake City located in the north and east portion of
the valley. Sandy (Utah Roses) is near the southern end
of the valley, and is about 6 miles west of the mouth of
Big and Little Cottonwood canyons.

The valley is bounded on the east by the Wasatch Range,
with peaks higher than 11,000 feet K above mean sea level
and a local relief of about 6,000 ft. On the south the
valley is bounded by the Traverse Mountains, whose relief
is about 2,000 ft. On the west are the Oquirrh Mountains
with a relief of 4,000 ft. The northern boundary of the
valley is the Great Salt Lake and a low east-west salient
from the Wasatch Range. The valley floor is relatively
flat and gently sloping northward.

HYDROLOGY

1) Surface Water

The principal source of surface water is the north-flowing
Jordan River and six major creeks that drains the Wasatch
Range. Most of these creeks drain from about ten miles
back from the mountain front and flow westward through
deep canyons. When the streams exit from the Mountain
range they flow westward across deposits of coarse un-
consolidated material at the edges of the valley, losing
part of their flow by influent seepage. This water re-
charges the vast ground-water basin that consists of un-
consolidated deposits of gravel, sand, silt and clay. No
perennial streams enter the valley from the Traverse or
Oquirrh Mountains.

ii) Ground Water

The ground water in the Jordan Valley occurs in three
general divisions: a shallow unconfined ground-water
body, local perched water, and an artesian reservoir.
Ground-water is unconfined along the benches and forms

a continuous body with the artesian reservoir in the
central valley. Most of the recharge to the ground-water
system is along the benches. The bulk of the ground-water
resource is in the artesian reservoir in the lower por-
tions of the valley. Few wells exist below 1000 ft. depth
(Table V) and natural discharge from the valley's uncon-
fined aquifer are given in the same table, totalling
367,000 acre-feet per year.

The sediments that filled the Jordan Valley were deposit-
ed by several forces in several environments, and the
complex pattern of deposition resulted in ground-water
aquifers that range widely from place to place in permea-
bility and storage capacity. The lensey and discontinuous
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aquifers have been characterized into six districts bases
on geology, water-bearing properties of the deposits, and
the quality of the ground water.

The Utah Roses site is located above lenses of high quality
ground water, with dissolved solids less than 3000 ppm.

This is probably the result of the run-off from Big and
Little Cottonwood Creeks, whose canyon mouths are 6 miles

to the east. The run-off from these canyons is approximately
100,000 acre-feet per year. An influx of poorer quality
ground water ( 1000 ppm) seems to occur, being manifest

to the south and west, and may be related to geothermal water
influx.

Beneath the Sandy area are large thicknesses of well-sorted
gravels interbedded with lake-bottom clays. There are also
numerous channel gravels of ancient perennial streams. The
ground water moves generally northwest. There exists many
large diameter wells. Most wells are less than 150 feet in
depth. The deeper wells often are artesian. Specific capa-
cities range from 6-200 gpm/ft of drawdown with an average
of 45 gpm/ft of drawdown.

GENERAL GEOLOGY

The area is characteristic of the Basin and Range physio-
graphic province. The Jordan Valley is a graben and the
surrounding mountains have been uplifted relative to the
valleys. Faults mark the boundaries between the valleys
and mountains. In addition to the boundary faults sep-
arating the Jordan Valley from the adjacent mountains,
other east west cross faults define inner grabens which
contains a considerable thickness of sediment derived
from the adjacent mountains.

The Wasatch fault zone separates the Wasatch Range from

the valleys and is the predominate structural feature in
the area. The fault zone is a typical Basin and Range
normal fault zone. It consists of a several individual
fauit with a braided or branching pattern. Most of the
faults along the valley's edge strike N-S. The dip is
unknown, but the faults are believed to be high angle
normal faults. Some of the major faults included in or
associated with the Wasatch Fault zone are the Warm Springs,
the Lime Kiln and the East Bench faults, Fig. 7.

The Wasatch Fault zone and associated faults are currently
active and movement along them have resulted in 53 strong
earthquakes from 1850 to 1970 (above Richter magnitude 3).
The majority of the disturbances were relatively minor in
nature and undetectable to the general populace. It would
appear that the movements began in late Tertiary and have
continued intermittently to the present time. The latest
movement on the Wasatch Fault is that of normal upthrusting
and the mountain block has been uplifted, carrying sediments
of the Lake Bonneville group and younger alluvial fans up-
ward from 60 to 200 feet.
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The total vertical displacement along the Wasatch Fault
zone is difficult to estimate because of the amount of
sedimentation that has accumulated in the valleys and the
covering of many of the fault lines. Several faults have
been inferred from gravity surveys, but their displacement
can only be estimated. The earth movements that originally
formed the valley have continued into comparatively recent
times and have formed scarps in the unconsolidated deposits
of the valley. The most prominent of the faults showing
late movement is the East Bench fault which is marked by

a scarp that reaches a height of 80 ft. in the unconsoli-
dated deposits in the northeastern part of the Jordan Valley.

TEMPERATURE OF GROUND WATER

The temperature of ground water as measured and reported
in the Jordan Valley ranges from 46° to 139°F. The temp-
erature of the water in most wells and springs, however,
range from 52° to 60°F. Table VI lists the wells with
recorded temperatures above 60°F.

The temperature of the dround water exceeds 60°F in two
principle areas of the valley. One of these areas extends
from Point of the Mountain northward to the area around
Sandy. Several warm wells in the Sandy/Midvale region are
shown on Flgure 11 #, The highest temperature recorded in
this area is 139°F at Crystal Hot Springs near the state
prison, with the ground water temperature apparently de-
creasing away from this spring. Within a few hundred yards
of Crystal Hot Springs, a 290 ft. well was drilled in April
1978, striking 175°F water artesian pressure water at 250 ft.

The other area of high temperature ground water occupies
much of the northern part of the Jordan Valley. The east-
ern margin of this area is marked by several hot springs
which rise along the Warm Springs Fault. The warmest temp-
erature measured during this study was 131°F at Beck's Hot
Springs. Most of the wells west of Beck's Hot Springs yield
water warmer than 60°F. Another nearby spring (Wasatch) dis-
charges 106°F water. Figure 12 shows the distribution of

ground water temperatures, generally in the level above 800 ft.

depth.

The significance of the geological structure to the presence
of geothermal resources is the recent age of the formations.
The Wasatch Range has numerous granitic intrustions of late
Cretaceous or early Tertiary age. The many recent faults have
tended to maintain good permeability in the rocks at depths.
This, coupled with the abundant near surface water, leads to
the conclusion that the geothermal ingredients of hot rock,
water, and permeability are present, plus sedimentary lavers
of sealed cap-rock forming barriers and insulation to main-
tain the heat in the geothermal reservoir.

*Fig. 11 is a Topographlcal map of southern Salt Lake City
metropolitan area.
Warm wells near Utah Roses shown as ﬁ
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TABLE VI’
Average change in the water temperature, in degrees Celsius, per 100 feet in selected wells,
in Jordan Valley

Aquifer: A, principal aquifer; B, deposits of Tertiary age; C, principal aquifer and deposits of Tertiary
age.
Temperature: Determined by thermistor survey in well.

Change in
temperature
Well Temperature Depth Temperature Depth per 100 feet

number Aquifer (° C} (feet) (°cC) (feet) (° C)
(A-1-1)31ccc-2 A 13.8 160 14.0 370 0.1
{B-1-3)34bch-1 A 26.3 672 28.1 744 25
{C-1-1)19caa-1 C 265 452 32.8 1,038 1.2
20bdd-1 C 24.8 611 26.0 908 4
24bhd-2 C 17.2 484 19.2 740 .8
25aab-4 C 13.9 100 206 930 .8
. 25bdb-1 C 171 550 18.2 986 3
30dca-1 C 14.7 144 17.0 386 1.0
(C-1-2)24aaa-2 A 23.3 192 24.7 454 5
24dba-1 C 23.8 307 30.9 840 1.3
25aad-1 C 15.1 300 26.1 778 2.3
(C-1-3)15bca-2 C 15.3 60 27.5 520 2.7
8 27.6 520 27.7 869 A
15¢cbb-2 C 16.3 35 30.5 430 3.6
B 30.5 430 30.5 570 .0
15dbb-1 C 14.7 20 18.9 435 1.0
{C-2-1)3cdd-4 A 14.3 30 20.2 637 1.0
9ece- 1 B 16.6 187 23.8 781 1.2
12aab-1 C 14.0 150 19.2 608 1.1
{C-2-1)24bcd-1 C 12.7 80 253 986 1.4
25ddb-2 C 15.0 g0 24.2 785 1.3
(C-2-2)9hdb-1 B 136 100 14.2 448 .2
{C-3-1)1cab-2 C 16.2 50 29.3 766 1.8
Hdbb-1 C 13.9 185 176 440 1.5
(C-3-2)4adb-1 C 14.9 160 18.2 880 .5
{C-4-2)1bbb-1 C 13.0 82 17.0 531 .9
9bad-1 B 14.3 135 221 590 1.7
(D-1-1)16caa-1 A 11.2 60 13.3 466 5
(D-2-1)6dbb-10 C 115 20 18.0 650 1.0
8daa-b C 10.5 18 14.5 434 1.0
(D-3-1)2cce-1 C 129 550 14.8 996 4
4hbb-1 A 11.7 324 11.7 800 .0
B 11.7 800 13.0 886 1.5
18cha-1 A 16.5 80 20.5 308 2.2
20baa-1 C 15.7 197 19.9 542 1.2
2lada-1 C 11.1 400 11.5 626 2
29c¢be-1 C 18.0 58 30.6 269 6.0

Average of 24 wells above 140°C 1.85

(Dechnical Publication No. 31, Utah Dept. of Natural Resources, 1971)
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Figure 12.—Areal distribution of water temperature in the principal aguifer in
Jordan Valley. ‘ ‘
(Technical Publication No. 31, Utah Dept. of Natural Resources, 1971)
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D.5.e. THERMAL SPRINGS AND WELLS - Temperature and Geochemistry

Nearly all the thermal springs are near or in fault zones in
the Jordan Valley. Table VIIlists the springs and wells of
interest and relevance to this project. Total dissolved
solids content of these thermal ''seeps' range from 214 to
45,000 ppm (parts per million). Most of the ions are sodium
chloride, usually containing greater than 3000 parts per
million. Most of the wells are relatively pure, probably
because they have been diluted by meteoric ground waters.

Thermal springs within the area of interest number nine,
mostly associated with the Wasatch Front. All of the springs
appear to be associated with a fault zone (See figure 8).
Table VII describes the location and some of the geochemical
properties of these springs. Note that there appears to be

a trend of degrading water quality of the thermal springs
from south to north. Geochemical indicator of temperature
are all very encouraging, indicating reservoir temperature
well above boiling (212°F).

D.5.f. GEOTHERMAL RESOURCE SETTINGS

Although thermal springs and wells in the area indicate the
existence of the geothermal resource at some depth, they do
not indicate the depth and magnitude of the source of heat,
or the optimum location for subsurface exploration and
possible development of the geothermal resource. The detailed
information and data is not available concerning the move-
ment of the geothermal water at depth in the study area.

The structural geology is only generally understcod as
inferred from the evidence exposed on the surface. However,
several facts are known concerning the geothermal resource
that can be used to evaluate the resource potential.

The majority of the hot or warm springs are associated with
or occur along faults. (See figure 8.) The dissolved chemicals
in the water coming to the surface are a key to the temper-
ature of the reservoir from which that water originated. The
silica geothermometer indicates that the hot and warm springs
waters have been at a temperature of at least 160°F (Saratoga
Hot Springs) to 215°F (Crystal Hot Springs) somewhere at depth.
See Table VII. By applying the well-known dilution model to
match enthalpy (heat-content) and chemical content, reservoir
temperature of at least 250°F are indicated. Most of the
water temperatures observed are probably the result of the
normal geothermal gradient (v2 C/100 feet) for the area.
Considering the reservoir indicated temperature of 250 to

350 F, this would necessitate at most a migration depth of
approximately 8,000 feet below the source area. If the source
area is in the Wasatch Mountains (8,000 feet elevation) the
reservoir could be nearly at the.level of the valley floor.

It is, however, suspected that the reservoir is at depth in
the floor of the valley, within interbedded volcanics and
sediments. If cold water mixing occured during the upward
movement of the geothermal water (which seems likely due to
the presence of cold runoff from the mountain), then the
observed discharge temperatures at the springs would be much

= 4] ==




TABLE VII A
THERMAL SPRINGS AMD WELLS IN THE JORDAN WALLEY
PART A
TEMP. TEMP. FRACTIOM
DIRECTLY DIRECTLY MIXING IN
SUR FROM FROM MODEL  COLD
TEMF. * MAME LOCATION SILICOM  MRAKACA TEMP. WATER
1z1 BECK 20 MILES
HOT NORTH 180 252 248 8. 68 "
SPRIMNGS i
1326 UTAH &8 MILES
HOT MORTH 154 7SIy 248 8. 56
SPRINGS
127 CRYSTAL & MILES
HOT SOUTH 215 - 247 B8 7e
SFRINGS
111  SARATOGA 1€ MILES
HOT SOUTH 162 - 248 6. 7@
SPRINGS
106 WASATCH 18 MILES
HOT NORTH 175 428 Zz8 0.75
SPRIMGS
175 FRISON & MILES
WELL SOUTH 252 51 X206 B. 68
298 FT3
77  MIDVALE 2 MILES
WELL MNORTH ok sk ok
98 SANDY
CITY 2 MILES
WELL SOUTH CSHUT IM, MOT IM USED
106 S
£115@ FT3>
TE  CONSERVAMCY
WELL 158 YOS CSHUT IM. NOT IM USE:X
1SCERA FT

* ALL TEMPERATURES ARE DEFIMED IN DEGREES FAREMHEIT

+#+INSUFFICIENT DATA AVAILABLE FOR CALCULATION FOR RESULTS
MEAMIMGLESS BECAUSE OF TOO MUCH DILUTIOM.
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TABLE VII B

THERMAL SPRIMGS AND WELLS IM THE JORDAN VYALLEY

PART B
DATE OF
WATER MF K CA TD=
NAME ANALYSIS  SILICON  <PPM2  CPPM»  (FPM>  (PFMD
BECKS HOT
SPRIMGS 7IET 32 4258 156 746  T1EZ
UTAH HOT
SPRIMGS S/ET z4 g87@ 932 1848 22260
CRYSTAL HOT
SPRINGS 5/ 50 3@ - 142 1438
SARATOGH
HOT SPRINGS 3766 25 244w —- 198  -—-
WRSFATCH HOT
SPRINGS 31 2881 195 €08 7163
FRISOM WELL  &/78 = S66 49 148 1609
MIDVALE WELL — &/78 16 €1 1.86 158 150
SENDY CITY
WELL CSHUT IM, MNOT IN USED
COMSERVANCY

WELL (SHUT IN, MNOT IM USE>

* HMA PLUS K REFPORTED RS MA.

B
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lower than the reservoir temperature. It appears that the
development of geothermal resources within the study area
will depend first on the correct selection of faults that
provide a conduit for the geothermal water from depth and
good permeability for a production well. The dip of the
Wasatch Fault is largely an unknown. Though most faults
created by vertical compression dip about 65°, the block
faulted graben situation ofthe Wasatch Fault could result in
it being very steep. Neither is the dip of the east-west
fault through Sandy (Utah Roses) known. However, its mere
presence suggests a higher permeability than normal within
a geothermal aquifer.

SUMMARY OF GEOTHERMAL DRILLING STRATEGY

There are very few deep (>800 feet) wells near the proposed
drilling site to serve as guides for geothermal resource
drilling. The greatest potential for tapping the resource
would appear to be along the surface expressions of the
major faults comprising the Wasatch Fault zone, provided
these are not also affected by cold water influx. The Utah
Roses site is about six miles from the Wasatch Fault and
directly on an intersecting east-west fault. The drilling
location appears to be ideal if the reservoir is deep below
the valley floor.

Figure 14 shows a model of the Jordan Valley - Wasatch
Mountains hydrology. Since virtually no wells penetrate

more than 1000 ft. (3200 ft. above sea level), the model below
this level is based on indirect evidence and the facts and
conclusions discussed above.

The geothermal aquifer lies at depth below a confining bed,
which may be cemented sedimentary fill. Leakage occurs out
of the aquifer through faults. However, these same faults
sould be conductive paths for recharge water. The latter is
more likely to be the case which heavy run-off from mountains
occurs, such as at the mouths of Big and Little Cottonwood
Canyons.

The east-west fault through Sandy could be a major conduction
channel bringing geothermal water slowly to the surface where
it quickly mixes with cool surface water. Recharge could be
occurring at the Wasatch Fault in the region of the Big and
Little Cottonwood Canyons. Successful drilling and discovery
of geothermal water in such a setting (typical of much of

the Jordan Valley), would be most encouraging for the prospects
of tapping geothermal waters at many fault locations in the
valley. The result would be the availability of geothermal

to an area with a population of nearly one million.

The design of the well is merely preliminary at this time.
A probable design is shown in Figure 15. It plans for
multiple channels at the bottom of the well, in the pro-
duction zone. These will enhance productlon for but little
increase in cost (about 20%) of the well.

— 44 —




Figure 14
Model of Jordan Valley Wasatch Range
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STEP 1 STEP2 STEP 3

A bl &
16 CONDUCTOR =
PIPE TO30FT.
I
= 0
)
-
n A
s
I, y
3 INSTALL & CEMENT 954"CASING

! TODEPTH NEEDED..

y -SHOOT CEMENT PLUG AT HIGHER LEVEL
4~ IFFORMATION {BELOW IS

) CASING HANGER
£ 13%" SURFACE CASING TO 500 FT.

(enough to get past domestic agnifer) . 3 " FIiM & CONSOLIDATED.
i1
B \
11 h
ELAPSED DRILL RIG TIME — 2 WEEKS F 3 v
CASING & CEMENT §15,000° R » N d
,T‘ DRILL 12" HOLE UNTIL ul
= RESOURCE IS DISCOVERED. | RS
= R il
3 X
~ . e
o i lll - ADDITIONAL CASING COST:
% W ﬂ $24,000 for 2000 FT.
N S 2. plus $10,000 cemant & services
g i ]
\ by <
S , i
W ol
3 0 m
| S
1 M

Y

% BACKFILL PRODUCTION
% ZONE WITHSAND

INSTALL PERMANENT WELL HEAD & PUMP

REDRILL FOR FULL PRODUCTION POTENTIAL.
854" BIT, WITH OPTIONAL DYNA DRILLING MULTIPLE CHANNELS.
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SOURCE AND USER MATCH-UP

Nearly 100% of Utah Roses heating energy needs can be
met with 170°F geothermal water. Approximately 5% of
these needs would be supplied by fossil peaking on the
coldest days. This then is nearly a perfeéect match be-
tween source and user. Furthermore, more than 50% of
the energy needs - space heating as well as process
heat - for the industrial community along the Wasatch
fault zone could be met with this same 170°F geothermal
“water.

SITE/FACILITIES/EQUIPMENT DATA

Utah Roses has ownership of the 8 acres of land on
which the geothermal wells are to be drilled. The
six acres of greenhouses to be heated and other uses
of geothermal energy are all located on this same
property and there are no access or right-of-way
problems. The greenhouses are all less than 8 years
old and in good condition.

Items of equipment which are essential to the success
of this project and with which Utah Roses proposes to
obtain on a cost-sharing basis jointly with the DOE
for this project are:

Equipment and Materials for the Geothermal Fluid
Production:

Well casing

Well heads (2)%*

Deep well pump

Reinjection (surface) pump
Main Pipeline

Flow Meter

Temperature Monitors

Equipment and Materials for the Utilization of
Geothermal Fluid:

Primary Heat Exchanger

Secondary Loop Circulation Pump

Automatic control system (additions to present system)
Additional water-to-air, forced-draft space heaters

The additional water-to-air heater are required because the
output of the present units will be reduced substantially
when operations on geothermal water( 170°F) instead of

50 psig (298°F) steam, their present operating mode.

All other new equipment are standard items associated with
geothermal wells and heat exchangers.
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PLANS FOR CONTINUED USE

Utah Roses envisions the use of geothermal energy as

a substitute for scarcer, higher priced fuels. It is
the intent of this project to verify that the operating
cost of the system is substantially less than heating
with conventional fuels. If this is verified (as design
indicates clearly it will be) then Utah Roses will use
it until the economics change. Proper maintenance is
part of their physical plant program. The geothermal
system will be maintained and worn-out components re-
placed as long as it is economically sound to do so.

Cost estimates also predict substantial savings when
business or private groups drill their own well - com~
pared to conventional systems. The cost they cannot

stand is that of a dry well. The more successful wells
that are brought into existnece, the more probably the
success of a new one. And that is a major part of the
justification of a program like this that has its setting
in a large industrial and urban area - where the potential
number of geothermal wells and the associated savings in
cost and scarce fuels are great.
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