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NOTICE

This report was prepared to document work sﬁonsored by the United States
Government. Neither the United States nor its agent, the United States
Department of Energy, nor any Federal employees, nor any of their contractors,
subcontractors, or their employees, makes any warranty expressed or implied, or
assumes any legal liability or responsibility for the accuracy, completeness,
or usefulness of any information, apparatus, product or process disclosed, or
represents that its use would not infringe upon privately owned rights.

Reference to a company or product name does not imply approval or
recommendation of the product by the Colorado Geological Survey or the U.S.
Department of Energy to the exclusion of others that may be suitable.
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INTRODUCTION

The State of Colorado seems to have significant geothermal energy potential.
Geothermal energy use can help conserve other resources.

In order to more accurately define what the geothermal potential is, a detailed
analysis of specific sites was considered to be necessary. Furthermore, such
analyses can provide ideas and informationm to potential users, developers and
others in the development process to help stimulate geothermal development.
Additionally, geothermal enetgy offers opportunities for economic development,
particularly as energy becomes an ever larger and more important part of
businesses? operating costs. The analyses can also help identify constraints
to geothermal energy development and subsequently suggest solutions. Finally,
information about the potential and the limitations to development can help
federal and state governments design and implement programs that help increase
goethermal energy use.

Scope of Report

This study, conducted by the Colorado Geological Survey under contract with the
U.S. Department of Energy, has analyzed the potential of four prospective
geotnhermal development sites in Colorado and prepared hypothetical plans for
their development. These plans are certainly not the only possible ones, but
are meant to serve primarily as examples. Since these plans have, however,
been prepared using information and ideas derived largely from residents and
officials at those sites, as well as published reports, it is believed they are
reasonably realistic and in tune with local conditionmns.

The study has included the investigation of several broad areas for each site.
The first area of investigation was the site itself: its geographic,
population, economic, energy demand characteristics and the attitudes of its
residents relative to geothermal development potential. Secondly, the resource
potential was described, to the extent it was known, along with information
concerning any exploration or development that has been conducted. The third
item investigated was the process required for development. There are
financial, institutional, environmental, technological and economic criteria
for development that must be known in order to realistically gauge the possible
development. Using that information, the next concern, the geothermal energy
potential, was then addressed. Planned, proposed and potential development are
all described, along with a possible schedule for that development. An
assessment of the development opportunities and constraints are included.

The summary section describes the findings of all four complete site analyses.
Technical methodologies are described in the Appendix.



A. DURANGO SITE

Site Description.

The site for this study is located in La Plata County in Southwest Colorado
(Fig. A-1). It includes the area from the Purgatory Ski area north of the City
of Durango to just south of the Bodo Industrial Park. The Animas River, "River
Of Souls," flows through the Valley and provides water for irrigation, industry
and domestic use. The terrain varies from the rugged San Juan Mountains on the
north to the mesas on the south. The elevation ranges ranges from 6430 to 94u0
feet. About 2J miles south of the site is tne Southern Ute Indian Reservation
and beyond that, the New Mexico State line.

Access to the north, east and west is obstructed by mountain passes that are
prone to blizzards, slides and icy roads in winter (two-lane Highways 550 and
160 serve the area). To the south, where the terrain flattens, access is
geasier,

The City of Durango has an average 3214 annual degree days and an average low
temperature of 11°F (Cuniff, et al, 1979). The growing season averages 117
days and is about 90 - 120 days for apple and pears and other fruit crops grown
in the northern part of the study area and about 150 days for more
frost-resistant crops such as alfalfa and potatoes (Cap Allen, pers. comm.,
1979). The mean annual precipitation of the City of Durango is 19 inches and
the mean annual temperature is 28°F in January, 67° in July (Division of
Comnerce and Development, 1974).

Land Use and Ownership - The fertile valley just north of the City of Durango
was once primarily agricultural but is now low-density residential with a few
scattered commercial establishments. Further north to the Purgatory Ski resort
is some very low density residential development, a year-round Tluxury
recreation resort and a few restaurants, lodges, a ski-rental shop and a
private boarding school.

The City of Durango covers about 2,182 acres of land. South of the City, the
Bodo Industrial Park contains about 240 acres. The valley north of the City
has about 3500 acres of developable land (Dallas Reynolds, per. comm., 1979).
Much of the land adjoining the study area at the north is Mational Forest Land,
as shown in Figure A-2. County-wide, only about 40 percent of the land is
privately owned (Table A-1.) Within the study area, much of the undeveloped
land is undevelopable, either steep slopes or flood plain. The ownership
restraints and geological conditions restrict the land availaplie for expansion.
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TABLE A-1

LAND OWNERSHIP
LA PLATA COUNTY

Number of Acres and Percent of County

UTE
TRIBAL
TOTAL PRIVATE U.S.F.S. 3.L.M. LANDS STATE MUNICIPAL
1,066,366 421,312 394,537 29,344 202,953 14,930 3,240
100% 39.5% 37% 2.8% 18.8% 1.4% 3%

Source: Del Duca, et al, 1975

Population - The population of La Plata County is growing. The 1970 population
of 19,199 grew to an estimated 27,500 in 1977, an increase of 43 perecent
(Johnson, 1979). Within the City of Durango, the population grew from 10,333
- to an estimated 12,240, an increase of 25.8 percent (Division of Commerce and
Development, 1973). About 16,500 or 60 percent of the counties population is
estimated to be located in Durango and the urbanizing (Johnson, 1979).

About 4447 dwelling units are estimated to be in the city, with 2829 of these
single-family homes, 192 mobile homes, 806 apartments, and 620 rooms. About
850 units, nearly all single-family, are located in tne northern part of the
study area (Phillips, Brandt, Reddick, 1979). The population in Durango is
expected to grow to 21,4680 by the year 2000. The northern study area is
forecast to ultimately support a total of 1,760 dwelling units (Pnillips,
Brandt, Reddick, 1979). Extrapolating to the year 2020 indicates a total of
41,410 persons within the study area.

Economy - The economy of La Plata County is diverse, including tourism and
recreation, agriculture, wood products and other manufacturing, construction,
government and mining (San Juan Regional Commission, 1978). The mining
activity that brought the first permanent settlers into the area has, however,
declined (Division of Business Research, Univ. of Colorado, 1978). Only two
coal mines and no hard rock mines are currently producing (San Juan Regional
Commission, 1978). An abundance of high quality coal in the county could
encourage significant mining, but is constrained by the lack of a rail system
and the high cost of trucking coal (Janet Schultz, pers. comm., 1379).
Development of gold, silver, copper, natural gas, and coal resources primarily
under Federal ownership offers potential but is determined by Federal leasing
and permitting policies.

Light manufacturing is encouraged as a way to diversify the economy. Table A-2
shows the manufacturers currently in the area. The types and wagnitude of
manufacturing activities are limited by the remoteness of the area frcm large
population centers and the lack of rail transportation. There is, howaver, a
large rural market including four Indian reservations, five counties, and ten
municipalities.

In La Plata County and surrounding counties, agriculture is a significant part
of the economy, contriputing about 10.9 percent of tne regional income in 1970.



Ory peans, hay, wheat, and corn for grain and silage are the primary field
crops. Small amounts of rye, beer barley, potatoes, oats, broomcorn, seeds,
fruits, vegetables, and sugar beets are also grown (Division of Business
Research, University of Colorado, 1975). Most crops are exported. Within the
study area are cherry, pear, and applas orchards. A planned irrigation project,
the Animas-La Plata project, would enhance the agricultural production, but is
being met with significant opposition (Ron Short, pers. comm., 1979).

Livestock production in the region includes cattle, pigs, and sheep, with sales
contributing about 5.5 percent of the Region's 1970 income (Division of
Business Research, Univ, of Colorado, 1975). Most of the livestock is exported
to feedlots or markets outside the region. Agriculture has been declining,
presumably because of declining product prices and increasing land costs, with
land in great demand for subdivisions (San Juan Regional Commission, 13973).

Timber has historically oeen a significant segment of the region's economy,
with wost of the timber on public land (Division of Business Research, Univ. of
Colorado, 1975), but roadless area studies and wilderness designations have
limited the availability of timber from these federal lands. Wood products
manufactured 1in La Plata County are used mainly in the active local
construction industry (San Juan Regional Commission, 1978).

Government, wholesale and retail trades and services are the largest sources of
jobs in the Region. The City of Durango is the center of the Region's tourist
activity, as well as its service center and La Plata County seat. Scenic and
historical attractions such as the Mesa Verde Indian Ruins, the Narrow Gauge
Railroad, old mining towns, the Purgatory ski resort, the Tamarron resort
development and spectacular mountain vistas encourage some 1 million visitors
to the area each year (Phillips, Brandt, Reddick, 1978). Conventions and skiers
are attracted by scheduled jet service to La Plata airport. Ski buses bring
skiers from all around the Southwest. About 653 commercial establishments were
located in La Plata County in 1975, with 502 of those wholesale and retail
trade and services as shown on Table A-3 (U.S. Bureau of the Census, 1977). In
1974, there were 47 hotels and motels in the City of Durango (Division of
Business Research, Univ. of Colorado, 1975), along with numerous restaurants.
)

The Ft. Lewis College at Durango is another facility that is important to the
economy of the area, with students contributing to the area's economy and
increasing the attractiveness of the area by adding to the educational and
wltural opportunities for residents. San Juan Basin Vo-Tech School, about 30
miles west of Durango, a vocational-technical school, attracts students from
the study area and provides a trained labor force to the region in many
tecnnical fields.



TABLE A-2

Manufacturer

Basin Co-op Inc.
Basin Packing Co.

Burnett Construction Co.
Cabinets by Ralpnh Thomas
City Market Bakery
Coca-Cola Bottling Co.
Cooper Publications Inc.
Culhane Inc.

Design [II

Double Eagle Ranch Inc.

Durango Coca-Cola Bottling Co.

Durango Herald Inc.
Durango Ornamental Iron Inc.

Durango U.S.A.
Eagle Block Co.
Graden Elevator & Feed

Jackson-David Bottling Co.
Las Animas Wood Products
Mesa Paving Co.

Oliger Sheet Metals

Print Shop The

Redfield Co. Durango Optics
Rocky Mountain Doll House Co.
Rocky Mountain Glassware

San Juan Lumber Co.
Telluride Iron Works
Townsend Enterprises
*Treasure Tunnel

INDUSTRIES
DURANGO STUDY AREA
1977

Temperature No.
SIC Required of
Code °C Employees
2048 274 15
2011 177 5
2752 149 5
2791 149
3273 66 35
2434 0 5
2051 232 175
2086 77 35
2721 149 5
2099 150 5
2499 93 5
3961 93 5
2086 77 35
2711 149 35
2751 149
3446 Q 5
3444 93
3949 93 5
3271 204 5
2048 274 5
2047 121
2036 77 35
2431 93 5
2951 260 35
3444 93 5
3443 0
3449 93
2752 149 5
2761 149 :
3832 0 175
3944 0 5
3231 649 5
3229 1427
2421 93 175
3532 0 35
3589 1371 5
3911 93 5
3915 0
3999 93



TABLE A-2 CONT.

Temperature NO.
Sic Required of
Manufacturer Code °C Employees
Tri-State Printing & 2751 149 5
& Basin Office Supply 2761 143
Tritec Solar Industries Inc. 3433 93 5
: . 3564 0
_ : 3822 93
United Stationery 3065 93 5
& Confectionery Co.
Watts Jewelry Co. 3911 93 5

Source: Cuniff, et al, 1979

TABLE A-3

Number of Business Establishments by Industry in La Plata County
1975

Agricultural Services )
Mining 8
Contract Construction 62
Manufacturing 20
Transportation and Other
Public Utilities 22
Wholesale Trade 32
Retail Trade 192
Finance, Insurance and 62
Real Estate Services 206
Nonclassifiable Establishments 49
TOTALS 658

Source: U.S. Bureau of the Census
County Business Patterns, 1975, Colorado
Washington, D.C., 1977.




The construction industry is active, with housing construction at an all-time
high. However, because seasonal or vacation homes are such a significant part
of the homes being built, year-round housing shortages are a serious problem.
Housing projects in process or proposed include 1380 units on 90 acres in the
northern Animas Valley being developed by Mennen Shaving Cream Corp., Rockwood
Estates opeing developed adjacent to the Tamarron Resort and an 8U-acre
development in the northern Animas Valley. A new shopping center is planned to
be located near the Industrial Park and intensive commercial development for
the riverfront area within the City of Durango is being proposed by the City
(Dallas Reynolds, pers. comm., 1979).

Within the commuting area, or all of La Plata County and that part of Montezuma
County extending about 3U miles west, a total of 7,537 persons were in the
labor force in 1970. Of those, 5.8 percent were unemployed. As shown in Table
A-4, 20 percent were in retail trade and 13.3 percent were in services and
miscellaneous (Colorado Division of Commerce and Development, 1978). The major
employers in the commuting area, are all located within the study area.

Energy Demand - The natural gas consumption in the study area was investigated.
As shown on Table A-5, the 3,417 Durango residential customers averaged about
150 MCF of natural gas for residential use per customer per year, or about 292
MCF of natural gas or 155 million Btu's per residence for both residential and
commercial space and hot water heat. The total commercial energy consumed was
about .93 of the total residential consumption. The average cost for
residential consumption of natural gas is $2.80 per million Btu and about
$10.00 per million Btu for electricity (Colorado Public Utilijties Commission,
1979). Tne forecast demand, based on consumption, is 2.12 x 1012 gy's by the
year 2020 for residential and commercial uses.

The actual industrial energy consumption is more than tne reported industrial
natural gas sales because small industrial users are classified by the natural
gas supplier as "commercial" and because industrial users may be using
additional fuels.

In some parts of the study area, natural gas is not available. An example is
the northern part of the valley where electricity or propane are used for heat.
To account for the supplemental or alternative use of fuels other than natural
gas, the thermal energy demand was calculated based on heating degree days and
extreme low temperatures. These estimates indicate that about 1.67 x 1012
Btu's of thermal energy would be required by the year 1934 and about 2.33 X
1012 8tu's would be required by the year 2000, for all uses. The Tamarron
Resort enerygy demand was assessed independently because it is a major energy
market that is very near the geothermal resource area and is, furthermore,
reliant upon electricity for heat. The energy demand for Tamaron was estimated
to be .037 x 1012 gty's by 1984 and .1038 x 1012 Bty's py the year 2000
(Cuniff, et al, 1979)

Public Issues - The attitudes and goals of the residents of an area play a
large part in the events that occur there. In this area, the northern part is
the area most proximate to surface manifestations of hydrotnermal activity.
Although once an agricultural valley, the development now is predominantly
low-density residential, with some scattered, but large, energy-consuming
commarcial establishments. The southern part of the study area, that part
furthest removed from geothermal resources, is industrial. New industry is




TABLE A-4
LABOR DATA FOR COMMUTING AREA

1970 . 1977
Estimate

Employment Category No . Percent No. Percent
Agriculture 760 10.1 766 . 6.5
Mining 140 1.9 65 3.6
Contract Construction 518 6.9 594 5.0
Manufacturing 372 4.9 666 5.6
Transportation &

Public Utilities 463 6.1 434 3.7
Wnolesale Trade 157 2.1 282 2.4
Retail Trade 1,577 20.9 1,093 17.7
Financial, Insurance

and Real Estate 258 3.4 336 2.9
Services and
Miscellaneous 1,000 13.3 2,749 23.3
Government (Federal,

State and Local) 1,189 15.8 1,768 15.0
TOTAL EMPLOYMENT 7,101 94.2 11,108 94,1
UNEMPLOYMENT 436 5.8 700 5.9
TOTAL LABOR FORCE 7,537 100.0 11,308 100.0

Source: Division of Commerce and Development, State of Colorado,
Department of Local Affairs, 1973.

TABLE A-5
NATURAL GAS SALES
DURANGO
1977
Total Residential Commercial Industrial
Customers Mcf No. Customers Mcf No. Customers Mcf No. Customers
3,905 513,783 3,417 482,803 472 90,153 16

Source: People's Natural Gas Co., Durango, Colo., 1979

- 10 -



peing engouraged to Tocate there in preference to other area. The middle portion
is the City of Durango, with primarily commercial and residential uses.

No drastic changes are anticipated, since these patterns are deliberate. Light
manufacturing is being encouraged in order to diversify the economy. A strong
desire to preserve the quality of 1life in the area, without significant
population growth, is apparent. This desire, -.combined with the
previously-established economic patterns, seems 1likely to . assure the
continuation of the recreation and tourism focus. A continuation, therefore, of
currant development patterns and land use policies can be anticipated. This
includes a sparse residential development and some new commercial facilities in
the northern section, the limitation of industrial sites to the industrial
park, and some increase density within Durango.

Geothermal Resource Evaluation

Pinkerton, Trimble and Tripp Hot Springs are the surface expressions of the
geothermal resource for this development site. The characteristics of tne
springs that were identified by the Colorado Geological Survey in resource
assessment work (Barrett and Pearl, 1976 and Pearl, 1979) are shown on Tables
A-6, A-7 and A-8. Since that inventory was conducted, a highway cut has
severed the spring conduit at Pinkerton Hot Springs, changing the location of
the discharge. Analyses that were performed by the Colorado Geol. Survey
indicated high enough temperatures for space heating and other uses requiring
similar temperatures and about .04-.05 x 1012 gty's of usable energy (Pearl,
1979). However, these estimates cannot Dbe confirmed without additional
information. Some additional exploration work was preformed by the Colorado
Geol. Survey in the summer of 1980 and the data are being evaluated (R.H.
Pearl, per. comm., 1980).

Current Uses of Geothermal Energy - There is apparently no geothermal energy
currently in use in this area. At one time, Pinkerton Hot Springs and Trimble
Hot Springs supplied water to swimming pools that were popular with residents
and visitors in the area. A home heating system and a greenhouse were
constructed at Tripp Hot Springs to use geothermal fluid but were not used. A
system has been designed for Timberline Academy at Pinkerton Hot Springs to use
geothermal heat. A grant was awarded by the U.S. Department of Energy for
constructing such a system as soon as the State Highway Department restores the
spring flow (Cap Allen, pers. comm., 1979). The owner of the Trimble Hot
Springs nas also indicated he will construct a geothermally-heated resort and
is also well aware of the potential for extensive use of the geothermal energy
throughout the area {(Rudy Baer, pers. comm., 1979).
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TABLE A-6

GEQOTHERMAL RESOURCE CHARACTERISTICS
TRIPP/TRIMBLE/PINKERTON/MOUND

Total ] Total
Spring Dissolved Surface Current
“or Solids Temperature Jischarge
wells Location ing/L c° gpm
Trimble 36N,9W,Sec. 15 3349 36 <1
Tripp 36N,9W,Sec. 10 3240 44 NA
Pinkerton A 37N,9W,Sec. 25 3700-3980 32 54
B 37N,94W,Sec. 25 NA 33 20
Mound 37N,94,Sec. 25 3800 32 54
Little Mound  37N,9W,Sec. 25 NA 26 2
Source: Barrett and Pearl, 1976
TABLE A-7

GEQOTHERMAL RESERVOIR CHARACTERISTICS
TRIPP/TRIMBLE/PINKERTON/MOUND

Estimated Estimated Estimated
Areal Estimated Subsurface Total
@@servoir Extent Thickness Temperature BtTéS
Type mil ft °G 10
Tripp/Trimbie
Fracture 1 1000 58°C .0357-.0357
Pinkerton
Fracture 1.2 1000 50°C .0099-.0209
.0446-,0506

Source: Pearl, 1979
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TABLE A-8

Dissolved Mineral Content of Thermal Waters in Study Area

Arsenic (ug/1)
Boron (ug/1)
Cadium (ug/1)
Calcium (mg/1)
Chloride (mg/1)
Fluoride (mg/1)
Iron (ug/1)
Lithium (ug/1)
Magnesium {mg/1)
Manganese (mg/1)
Mercury (ug/1)
Nitrogen (mg/1)
Phosphate (mg/1)
Potassium (mg/1)
Selenium (mg/1)
Silica (mg/1)
Sodium (mg/1)
Sulfate (mg/1)
Zinc (ug/1)
Alkalinity
as Calcium Carbonate (mg/1)
as Bicarbonate (mg/1)
Hardness
Noncarbonate (mg/1)
Total (mg/1)
Specific Conductance
Total Diss. Solids (mg/1)
Ph, Field
Discnarge {(gpm)
Temperature (C)
Date Sampled

Source: Barrett and Pearl, 1976

Pinkerton
Hot Springs

120.0
3,000.0
0.0
510.0
1,000.0
2.1
4,400.0
2,500.0
79.0
470.0
0.0

0.10 .

0.05
120.0
0
28.0
750.0
690.0
0

1,340.0
1.630.0

260.0
1,600.0
5,600
3,990

6.5
54.0
32

9/75
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Trimble
Hot Springs

17.0
1,400.0
0.0
510.0
220.0
2.7
50.0
1,600.0
42.0
80.0
0.0
0.08
0.02
47.0
0
72.0
510.0
1,400.0
10.0

894.0
1,090.0

550.0
1,400.0
4,400
3,340

1t
36
9/75

Tripp
Hot Springs

17.0
1,500.0
0.0
470.0
220.0
2.7
10.0
1,600.0
41.0
80.0
0.0

0.16

0.05
47.0

0

639.0
500.0
1,400.0
20.0

310.0
988.0

530.0
1,300.0
3,900
3,240

44
9/75



Geothermal Development Process

The manner in which geothermal energy can bpe developed is dependent upon

co?ditions at the specific site. The most influential of these are described
below.

Financial - To finance tne federal geothermal projects, several avenues are
possible. Some grants have been available such as the one Timberline Academy
will receive to develop a simple geothermal heating system for the main school
facilities. Since the Trimble project is not imminent, no financing
arrangemants have as yet been indicated, but presumably, the project will be
financed with private funds. As another alternative, to develop and manage
these and other projects in lieu of an interested private energy developer, a
special district or cooperative could be established among potential users.
Levies could be assessed, revenue bonds issued, or grant funds or loans,
private or government, obtained.

Although U.S. Dept. of Energy grants for development are not currently widely
available, other federal sources may be tapped, where their mandates coincide
with the proposed geothermal energy development. For example, areas impacted
by energy development as well as economically depressed areas are target areas
for Federal agencies such as the U.S. Housing and Urban Development Department
and the Farm Home Administration under the U.S. Department of Agriculture.

Leasing and Permitting - To establish the right to develop the energy, a
prospective developer must eitner own or lease the geothermal rights and the
land surface to be used and must have rights to the water containing the heat
if the water is to be consumed. No lTeases on public Tand within the study area

ha;e)been issued. To drill a well requires State permits (Coe and Forman,
1879).

Approval by La Plata County would also be required for a geothermal development
outside Durango city limits and by the building department if within the City.
Depending upon the size, magnitude of impacts and consistency of use, approval
my require from a week to six months. A significant land development review
begins with a sketch plan for preliminary review. [t is submitted to certain
State agencies and to the planning commission for their review, is discussed at
a public hearing and then is considered by the Board of County Commissioners.
In La Plata County, residents prepare their own land and resource management
program. Thus, any new development would have to conform to the goals of the
current residents in that region (Dallas Reynolds, pers. comm., 1979).

Technological Reguirements - The procedure for exploring for geothermal energy
is aimed toward learning more about the magnitude of heat, the size of the
reservoir, possible reservoir depths, and suitable well locations. It would
usually begin with a preliminary exploration program including geologic
evaluation, seismic tests, possibly more geochemical analyses and drilling and
analyzing gradient holes. A feasipility study 1is wusually conducted to
determine whether the investment seems to be warranted and finally a test well
(or wells) is drilled and tested. Depending upon the magnitude of the energy
demand and the production of the well, the test well may be used as a
production well and/or additional wells may be drilled.

Too little is known about the geothermal resources in this area to conjectura
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about specific technical requirements or engineering design. Since the
dissolved solids content is not particularly high, no exotic treatment is
indicated so far. The key question is whether the water is hot enough to use
as an independent source of heat (about 60°C (140°F) is generally required).
[f the water produced is not near the 60°C temperature, it could still be a
valuable resource by using heat pumps or poilers to boost the heat produced.

Disposal of the fluid in a manner to protect ground and surface water guality
may be either by reinjection into another well, surface disposal or use of the
geothermal fluid, depending upon the quality of the fluid, the standards of the
stream or underground aquifer, as determined by the Water Quality Control
Division. Or a downhole heat exhcanger that would extract the heat from inside
the well might be suitable.

Environmental Considerations - Pending a detailed study, environmental effects
- of geothermal development are not definaple. Reports do indicate that tne
existing spring discharge has damaged trees (Cap Allen, pers. comm., 1979).
This implies that careful handling of the resource would be needed if the fluid
recovered exiibited characteristics similar to those of the spring. This also
implies that by properly controlling the fluid with a well, further
environmental damage could be avoided. In any case, the State's permitting
system is designed to assure that neitner the groundwater sources or surface
water sources will be degraded.

Other environmental concerns include soil, wildlife, wildlife habitat, plant
1ife, land disturbance, damage to the ecosystem as a whole and socio-aconomic
impacts. Air pollution is another matter of high concern for gesothermal
develoment. Noxious gases must be precluded from polluting tne air. The
Colorado Air Quality Control Division is charged with assuring that standards
are met and with issuing permits for discharging air polliutants, where
appropriate. Development of geothermal energy, if properly done, is relatively
environmentally benign. Most direct negative impacts can be avoided.

Indirectly, geothermal development could effect environmental damage by
encouraging economic development and population growth in locations where the
energy is available. So far, the availability of geothermal energy is not a
primary determinant for industrial location decisions and should not attract
massive and rapid growth in the foreseeable future. Furtner, the City and
County have astablished the mechanism for prevention of development in
hazardous areas and for review and control of new development.

Since according to the Colorado Division of Water Resources the water in the
Animas River has not been completely allocated, some water 1is propably
available for development. If the geothermal reservoir is a tributary to the
river, obtaining some of these water rights would assure control of the
geothermal fluid. If the geothermal reservoir is not tributary, only 1/100th
of- the astimated water underlying the Tand controlled by the developer could be
extracted in any ore year. Water rights might also be purchased, and a plan of
augmentation filed to substitute water for the geothermal fluid, or the water
could be reinjected in a reinjection well after removing the heat.

- 15 -



Economic Considerations - According to studies by the New Mexico Energy
Institute, the cost to develop geothermal for the entire town of Durango would
be competitive with natural gas in the very near future. When transmission
costs are reduced, when retrofitting costs are eliminated (as in new
structures) and when geothermal energy is compared with the cost of electricity
or propana, the geothermal energy is considerably more economical. Analyses
indicated that a large energy user such as the Tamarron Resort, which is only
dbout 2 miles from the resource, could use geothermal energy at a much lower
cost of electricity (Cuniff, et al, 1979).

Potential Uses of Geothermal Energy

The principal uses for geothermal energy in the Durango area are for space and
water heating.. Numerous opportunities are available for using geothermal
energy. New residents and an active tourist business mean a large demand for
hot water and space heat. In a resort area, space and water heating needs are
large relative to the population. Those large facilities located nearest the
resource areas would allow for use of the energy with a minimum of transmission
costs. Among these are the Tamarron Resort, which nas 320 condominium units
plus restaurants, a lodge, sauna, indoor swimming pool, and conference
facilities (Stan Wadsworth, pers. comm., 1979). The nearby Rockwood
subdivision could also use the energy, the elimination of the need for
retrofitting in new structures enhancing the economic viability of such a
project. Since in both cases, geothermal energy is competing with expensive
electrical heat, it could be considerably less expensive for building owners.
Just how much money could be saved can be determined only through a detailed
analysis.

There are other large facilities more distant from the resource areas that
could use the energy. These include State-owned buildings such as the National
Guard building, Highway Department buildings and Ft. Lewis College buildings,
which could use the energy for space and water heat. The commercial, smaller
public and residential buildings in Durango could eventually also convert to
geothermal energy.

Industrial users could provide a market for the geothermal energy, as well, and
in turn, low-cost energy could help attract new industry. The existing
industries with temperature requirements commensurate with the estimated
geothermal resources temperatures are listed on Table A-9. As industrial
demands grow, more industrial uses of geothermal energy could ?e found. The
total energy demand in Durango is forecast to be about 2.5 x 10t Btu by the
year 2000.

Developing the energy is dependent upon the various considerations that nave

been indicated. Steps required and a possible schedule for developing the
geethermal energy are shown on Figure A- 3.
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TABLE A-9

EXISTING POTENTIAL INDUSTRIAL PROCESS USERS OF

GEOTHERMAL ENERGY

Durango, Colorado

1976
Standard Number Low-grade
Industrial of Heat Required
Industry Classification Plants (10Bty's)*
Bottled and Canned 2086 2 .44
Soft Drinks
Prepared Foods 20438 1 2.06
Confectionary Products 2065 1 .16
Food Preparations (honey) 2099 1 .28
Meat Packing 2011 1 .14
Sawmills and Planing Mills 2421 1 .14
3.22
SOURCE: Coe and Solar Energy Research Institute
FIGURE A-3
DURANGO SITE
SCENARIO FOR DEVELOPMENT
Activity 1981 1932 1983 1984 1985 1936 1987 1988

Preliminary geophysics  ---

Gradient holes, eval.
Feas. studies for

space heating --

Leases

Permits for test well

Drill test well, eval.

Permit to dev. system

Water rignts

Rights of way

Loan or bond

Design system

Construct system

Install in new structure,
then retrofit existing

Permit to dev. well

Dev. test well

Heat on Tine (.07 x 1012 Bty's/yr.)

*J.S. mean average plant size
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Development Opportunities and Constraints- There are opportunities for
development of geothermal energy in the Durango area. For the most part, they
center around the tourist industry. The estimated one million visitors in the
area each year use substantial amounts of heat and hot water. In addition saome
light 1industrial uses may be possible, including timber drying. Those
structures nearest the known geothermal areas seem to afford tne most
economical means for development and, given the alternatives, seem to stand a
good chance of incurring significant savings on fuel bills. There are,
however, several conditions that have limited geothermal development.

The first constraint to such development is the lack of information about the
resource and about the economic feasibility. Secondly, unless a private user
or developer should become interested in developing the resource in the area,
another major constraint will be the lack of front-end funds. Since Durango is
not a target city for either economic development or for energy impact funds,
potential federal grant programs or a federally-guaranteed loan seem th