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ABSTRACT 

Previous assessments of Colorado’s low-temperature 
geothermal resources were completed by the Colorado 
Geological Survey in 1920 and in the mid to late-1970s. The 
purpose of the 1992-1993 low-temperature geothermal 
resource assessment is to update the earlier physical, geo- 
chemical, and utilization data and compile computerized 
databases of the location, chemistry, and general information 
of the low-temperature geothermal resources in Colorado. 
A geothermal site is an individual well or spring within a 
geothermal area. The 1992-1993 assessment reports that 
there are 93 geo~ermal areas in the Colorado, up from the 56 
reported in 1978; there are 157 geothermal sites up from the 
125 reported in 1978; and a total of 382 geochemical analy- 
ses are compiled, up from the 236 reported in 1978. Six 
geothermal areas are recommended for further investigation: 
Trimble Hot Springs, Orvis Hot Springs, an area southeast of 
Pagosa Springs, the eastern San Luis Valley, Rico and Dunton 
area, and Cottonwood Hot Springs. 

Low-temperature geothermal resources are defined as 
those having a surface temperature of 20 to 100OC. Previous 
assessments of Colorado’s low-temperature geothermal 
resources were completed by the Colorado Geological Survey 
(CGS) in 1920 and in the mid to late-1970s. The purpose of 
the 1992-1993 low-temperature geothermal resource assess- 
ment is to update the earlier physical, geochemical, and uti- 
lization data and compile computerized databases of the loca- 
tion, chemistry, and general information of the low-tempera- 
ture geothermal resources in Colorado. 

During 1992 and 1993 the staff of the CGS visited 
most of the known g~thermal  sources that were recorded as 
having temperatures greater than 30°C. ‘Physical measure- 
ments of the conductivity, Ph, temperature, flow rate, and 
notes on the current geothermal source utilization were taken. 
Ten new geochemical analyses were completed on selected 
geothermal sites. 

The earliest work describing the geothermal resources 
of Colorado was completed by R. D. George et al. (1920), 

Mineral Waters of Colorado, CGS Bulletin 11. In 1978, the 
CGS published Bulletin 39, An ADDraisal of Colorado’s 
Geothermal Resources, by Barrett and Pearl which contained 
descriptive information on the sites, including location, cur- 
rent usage, geological setting and an analysis of various geot- 
hermometers for each of the geothermal areas of the state. 

New assessments of geothermal resources are neces- 
sary because utilization of geothermal resources changes over 
a period of years. In some cases flow rates and temperature 
of the geothermal sources have change because of various 
reasons, either natural or man-induced. 

The data collected and compiled for this survey are 
recorded in four computer databases. Figure 1 shows the 
location of each of the geothermal areas determined from the 
1992-1993 survey. 

DATA SOURCES 

Data were compiled from a variety of sources includ- 
ing published and unpub~ished materials. The most important 
published source material includes: George et al., 1920, 
Colorado Geological Survey Bulletin 11; Barrett and Pearl, 
1976, Colorado Geological Survey Information Series 6; and 
Barrett and Pearl, 1978, Colorado Geological Survey Bulletin 
39. The most impo~ant unpublished sources were the 
Colorado Department of Water Resources well permit files, 
the U. S. Geological Survey WATSTOR database, and analyt- 
ical reports from private laboratories given to the principal 
investigator by geothermal source owners and operators. As 
part of the assessment program ten new geochemical analyses 
were completed. 

All geochemical data which maintained a cation-anion 
charge balance o f f  15% were entered into the databases. 
Geothermal sources with only one analysis were entered 
regardless of the charge balance. 

DATA FORMAT 

All the data describing the location, geochemical 
analyses, and general characteristics were compiled into 
databases. For purposes of this program a geothermal is 
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Figure 1. Colorado geothermal springs and wells. 

defined as a geologically cohesive land area that may or may 
not contain several geothermal wells or hot springs. 
Generally an area is less than approximately three square 
miles. A& is defined as an individual geothermal well or 
hot spring within an m. Each geothermal area within the 
database has a unique ID number. Different sites within a 
geothermal area have unique area-site numbers. All the 
tables list the ID number, Site number, and Geothermal 
Source (Name). Excerpts from the databases are shown 
below in the following tables. 

Table 1 is a location database (GTHLOC); it describes 
the county, quadrangle map, section, township, range, latitude 
and longitude, and Universal Transverse Mercator grid refer- 
ences. 

Table 2 contains the long form of the geochemical 
database(GTHCHEM1). All the geochemical and sample 
data collected during this survey is stored in this Table. 
There can be multiple entries of geochemical data for each 
site. 

Table 3 is the short form of the geochemical data- 
base(GTHCHEM2). It contains an abbreviated element list 
and has only one entry per site. Where multiple chemical 
analyses were available all the results were averaged to make 
just a single entry. 

Table 4 contains the general information database 
(GTHGEN). It has information such as temperature, flow 
rate, type, references, and current usage for each geothermal 
site. 

FLUID CHEMISTRY 

Because of time constraints a lower limit of 30°C 
was set on any geothermal spring or well to be visited in the 
field. The temperature, pH, conductivity, flow rate and cur- 
rent usage for each site were recorded. The University of 
Utah Research Institute (UURI) provided 10 new geothermal 
water analyses as part of the low-temperature geothermal 
assessment program. Sites for a complete water analysis 
were selected on a subjective criteria of developmental signif- 
icance and lack of recent or quality geochemical data. The 
10 sites selected for new water analyses in Colorado are: 

Craig Warm Water Weii 
Desert Reef (Florence) 
Dotsero, South 
Mt. Princeton (Hortense Well) 
Ouray (Pool or Box Canyon Spring) 
Routt (aka Strawberry) 
Steamboat Springs (Heart Spring) 
Waunita Hot Springs 
Juniper Hot Springs 
Pagosa Hot Springs (Big Spring) 

The results of the new samples are included in Table 
2. There were no new results that had serious implications 
for the prior known geochemistry of the geothermal areas. 

Other sources of geochemical information were util- 
ized in compiling the database. The most significant source 
of geochemical data was the U. S. Department of Energy sup- 
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ported study performed by the CGS in the late 1970s (Barrett 
and Pearl, 1976). Any geochemical analysis that had a 
cation-anion balance error greater than 15% was discarded 
except for the case described below. 

ITEM 

GEOTHERMAL A R M  

Geochemical data derived from the U. S. Geological 
Survey WATSTOR database was entered into the current 
database; unfortunately, most of those reports do not have an 
analysis for HC03- or C0,-2 which causes severe errors in 

the cation-anion balance. As most of these analyses are the 
only one for that particular site they have been retained in the 
database even though they do not balance within the specified 
limits. 

1993 1976-78 
ASSESSMENT ASSESSMENT %CHANGE 

Y3 56 &% 

DISCUSSION AND SUMMARY 

The location of all the geothermal sites compiled dur- 
ing this assessment program is shown on Figure 1. A fre- 
quency plot of all the geothermal temperatures from each site 
is shown in Figure 2. The greatest number of temperature 
measurements fall in the 25 to 40°C categories. There is 
another peak in the 51 to 55°C range. 

The 1992-1993 low-temperature geothermal assess- 
ment program added 10 new chemical analyses to the geo- 
chemical database of the state's geothermal waters. Other 
sources of geochemical data were reviewed and all good 
quality, that is less than 15% cation-anion balance error, geo- 
chemical analyses were entered into the long form geochemi- 
cal database, Table 2. Certain areas with higher than 15% 
cation-anion balance were left in the database because they 
were the only analysis for an area or site. Usually the most 
significant errors in the cation-anion balance were found in 
the U. S. Geological Survey WATSTOR database and are due 
to a missing HC03 analysis. 

Several corrections were made to locations and names 
of hot springs and wells described in the older literature. The 
CGS Information Series 6 (Barrett and Pearl, 1976) was 
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Figure 2. Frequency distripution of the Colorado geothermal 
sources. 
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updated during 1993 and the correct locations were entered 
into the revised publication. Corrections were also made to 
several location entries in the U. S. Geological Survey WAT- 
STOR database. 

GEOTHERMAL SITES I 157 I 125 I +26% 
GEOCHEMICAL ANALYSES I 382 I 236 I 4 2 %  

SITES OF DIRECT HEAT UTILIZATION I w w 0 

SITES OF DISTRICT HEAT USE I 20 I ? 
I SITES OF GREENHOUSES, AQUACULTURE I 4 ? I 

Table A: Summary of the results of the 1993 Low- 
Temperature Geothermal Assessment Program compared to 
the 1976-1978 geothermal assessment. 

RECOMMENDATIONS 

The current assessment indicates that several areas in 
the state continue a long history of substantial utilization of 
their geothermal resources. The prime areas include 
Glenwood Springs, Idaho Springs, Steamboat Springs, 
Pagosa Springs, Mount Princeton, and Ouray. All of these 
areas, at the minimum, utilize the geothermal resources for 
swimming pools and spas. Some areas such as Ouray and 
Pagosa Springs utilize geothermal heat for space heating in 
municipal and other private buildings. 

There are other areas in the state that are collocated 
with or near population centers and are on the fringe of geo- 
thermal development. That is, they have had some develop- 
ment of their geothermal resources; however, there are indi- 
cations that geological and geophysical studies may be used 
in a Second Phase geothermal assessment to increase the 
geothermal area and spur development in these areas. The 
geothermal areas that are candidates for a Second Phase are 
(not listed in any order of importance): 

1) Trimble Hot Springs, La Plata County. 
2) Orvis Hot Springs, Ouray County. 
3) A large area southeast of Pagosa Springs along 

the Archuleta Antiform, Archuleta County. 
4) Eastern San Luis Valley, Saguache and Alamosa 

Counties. 
5) Rico and Dunton Hot Springs, Dolores County. 
6) Cottonwood Hot Springs, Chaffee County. 

Other areas that are geologically significant but far 
from a center of population are: 

Deganahl well, Routt County. 
Brands Ranch well, Jackson County. 
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3) Craig warm water well, Moffatt County. 
4) Hartsel Hot Springs, Park County. 
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