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Introduction:

Ouray has long capitalized on its natural resources, from its foundation as a mining town to its
more recent transition to a tourigmased economy. Now, City leaders laaking to OurayOs

vast geothermal and hydroelectric

potential to ensure OurayOs
prosperity in the ZLcentury. This §
Green Power initiative has the |
following objectives:

1. Reduce energy costs for
the City and potentially
private citizens and
businesses asell. At the
same time, insulate the
city from future energy
price volatility.

2. Reduce the townOs e
Ocarbon footprintO. There
is a growing consensus among the residents of Ouray that steadily increasing levels of
greenhouse gases present a threat to thetgadets future inhabitantshuman and
other species as well. That conviction engenders a responsibility to investigate and
further develop our available renewable energy resources.

3. Establish Ouray as a leader in the movement to OgreenO America®y dities so,
enable Ouray to market itself as an-émarist destination.

In the spring of 2008 the City of Ouray submitted a request to the GovernorOs Energy Office for
funding to support an idepth evaluation of the energy content and potentialcgtiains of the

many springs surfacing within City limits. In the succeeding months, using the services of a
consulting hydrologist, City staff and volunteers, 22 springs were monitored for temperatures,
flow rates, conductivity andH. The precise locati@of the spring®some of which were

poorly documente®have been accurately mapped into a GIS database where relevant data can
be quickly retrieved.

This summary report is intended to be an accessible review of this renewable resource,
documenting théocation, energy content and relevant history of the springs. Detailed current
and historical data on many of the springs, which is beyond the scope of this summary report,
will be retained in City files and is available on request.

In the interest of mmoting further development, this report records some of the historic uses of
the hotter springs and mentions a few new projects that are currently in progress. Also included
are more speculative potential uses that may become feasible as funding acthgdva

technology permit. The potential projects listed here are by no means exhaustive and it is certain
that other creative uses will surface in the near future as more people become aware of this
resource. City Councilors and Staff welcome public questand ideas involving this very
unique public resource.



The City is deeply appreciative of the financial support of the GovernorOs Energy Office and the
invaluable cooperation of Western Region Representative Joani Matranga. Without that support
this inventory would not have been possible.

Bob Risch, Mayor

Wayne Goin, Project Hydrologist

Peggy Foster, City Staff

Ralph Risch, Volunteer Project Manager
Junel?, 2009



A note on the value assigned to the energy content of the springs

There are severaldégimate methods, which can vary with initial temperature, of assigning a
dollar value to the energy content of a spring. Historically, the energy in OurayOs springs has
been accessed through direct exchange where the hottest waters have been dirpotad,into
hot tubs, etc., or extracted with heat exchangers. The resulting cooled but still warm outflow
water has typically been discarded.

Recent advances in heat pump technology have now made the extraction of heat from these tepid
waters very cost efféige, but doing so requires an input of additional en&ggually

electrical. Current generations of heat pumps can be expected to deliver about 5 units of heat
output for each single equivalent unit of electrical energy input when tapping a souras such

the Vinegar Hill spring. This is clearly a casffective method of space heating in our area.

For simplicityOs sake, the dollar value of the energy of our springs, listed in the tables below,
assume optimal extraction without consideration of thatitipat may be required for pumps,
heat exchangers, etc.

History :

There is clear evidence that Ute Indians, including namesake Chief Ouray himself, enjoyed the
local hot springs in the years before miners invaded the San Juans in the 18700s. Wi#sin decad
of the CityOs incorporation in 1876, a number of spas and small pools were located near some of
the more accessible springs. In the 1920s a large municipal swimming pool was conceived and
constructed by a volunteer group and it quickly became a majactadin and source of income

for the City. Today the primary sources for the water for the pool are in the Box Ca—on gorge on
the CityOs southwest corner from where it is piped approximately one mile to the pool.

In the mid 1980s, a number of resideBtecognizing the value of the resouizpromoted the
concept of a heating district tapping the geothermal springs. The City acquired a grant to do
some exploratory drilling at three different locations in town to evaluate the potential of pumping
additioral hot water from the subsurface reservoirs. Subsequently, three motel owners who had
springs of their own concluded that the drilling program endangered their sources and brought
suit to suspend the drilling and cap some of the wells. Eventual settlehtieatsuits resulted in

the suspension of drilling and a commitment by the City to insure a continuous and reliable
supply of hot water to those motels.

In concert with the national effort to expand the use of renewable energy sources, the City will
be nitiating projects to access sowighe untapped energy in the geothermal spriGgseful
analysis and extensive consultation with stakeholalerd¥eing employed to ensure that further
development will not threaten existing uses eahave the full spport of all concerned.



Inventory Goals and Methodology:

Some of OurayOs geothermal springs vary in volume and temperature seasonally with the lowest
flows occurring during the winter months. Additionally, several of the springs are located
adjacento Uncompahgre and Ca—on Creeks at the level of the river and are only accessible
during lowflow periods. For these reasons, fieldwork was concentrated during the months of
November to March and the acquired data represent minimum values in termsbtakhe r

energy content of the springs. Wayne Goin of Minion Hydrologic has considerable experience
with OurayOs geothermal springs and his services were secured for much of the fieldwork,
particularly with the loweflow springs. Data from this inventoryas also been compared to

historical data, to confirm consistent flows over a longer period of time.

A valuable outcome of the Inventory Project is a revggegbhic informatiorrecord that will
insure simplified access to geothermal spring data by Gitfyestd interested others.

Historically, community interest has been focused on those springs that have significant flow
rates and temperatures in excess of 120%F which makes direct heat exchange possible. Recent
advances in heat pump technology have famused attention on cooler springs, as well as
outflows from the hotter sources, that still contain considerable energy now accessible with this
new equipment. Monitoring equipment has now been added to two of these cooler springs with
the goal of evenally tapping the available energy for public buildings using heat pumps.

The ownership status of the larger springs has been well established over time but that has not
been the case with all of the smaller springs, particularly those along the Uncoerguradhgr

Ca—on Creek gorges. Another outcome of the inventory is an accurate survey of the minor
springs and a review of the ownership records with the responsible State Agencies. At least one
new spring (Peg 1) has been located and filed upon by the City.

An important goal of the inventory project is the GIS documentation, not only of the sources of
the springs, but eventually of the piping systems that carry the discharge water to the river. With
the exception of the fishpond at the City Park, water attle 120%4F has historically been
discarded through storm drains and other poorly documented channels. These tepid springs and
warm discharges from the pool and motels deserve to be consolidated into vaults where the
remaining energy can be extracted batpumpsThe GIS system will also facilitate the

periodic due diligence reporting that is a requirement of continuing the ownership of geothermal
springs.

The springs:

The summary data on the monitored springs in this section is organized intatues g

reflecting the geographic concentrations of the sources within City limits. Within each group
springs are generally listed in descending order of energy potential based on temperature and
flow rates. The first group is in the vicinity of Box Ca—arthe southwest corner of the City.

The second group is located on the east side in the vicinity of Fifth Stre€f Aneréue, and

the third group is in the City Park near the swimming pool.



The chart included here for each spring includes map locéittenrate in gallons per minute,
minimum temperature in Celsius and Fahrenheit, estimated energy content in BTUs/hour, pH,
conductivity, and other more esoteric data.

Box Ca—on Area Springs:

Pool Line Springs Discussion:

The Pool Line Springs at Boxacon are the main source of hot water for the municipal
swimming pool and were the sole source from the 1920s until the 1980s when supplemental
water from well OX2 in the ballpark became bl T 1 B
available. The energy from the Pool Line Springs is « % S, o < o
insufficient toheat the pool in winter months, and unj % ,§ﬁ~ j'f'&"

the drilling of OX2, the pool was operated seasonal =% o *
Since the 19800s the pool has been operational all S "f >
and is a major attraction and source of income for t < %a* .
City. ™

- §
The Pool Line Springs consist of two magnd one ™% ‘“'
minor spring originating in Ca—on Creek Gorge %,,
approximately 100 yards below Box Ca—on Falls. Tk :\""" 5
source furthest upstream on the east side is behind ===
cemented portal of an old mine. This spring ,‘:\.
historically produces in excess of 50 gpm of 152%F g & -
water into an 80 pipe that crosses the creek below #
water line. As of late May 2009 this pipeline has beg '“_
undermined by stream erosion and is temporarily ous
of service. A contract for the engineering of an :
insulated replacement line has been awasshedwork |

is expected to begin in early fall 2009.

The next major spring is on the west sid
of Ca—on Creek approximately 200 feet
downstream of the portal and is encase
in a concrete vault. The vault does have
some leaks, but produces approximatel
35 gom of 145155Y4F water, which flows
into a 60 plastic pipe. This vault will als
be replaced as part of the line
replacement project.

Approximately 30 feet below the vault
spring is a smaller spring, Minion 3, that
enters the pipeline via a 21/20 PVC pip
and adds 1-34 gpm of 145155Y, water.



The pipeline continues downstream to the confluence of Ca—on Creek, Oak Creek and the
Uncompahgre River. In this area the pipeline route crosses private property of two landowners.
In exchange for rightf-way easenms both landowners were permitted access to the water for
space heating purposes at minimal rates. From here, the water flows through an uninsulated
plastic pipe to the swimming pool at the north end of town.

The City has full legal ownership of theseisgs and currently shares the water only with the
abovementioned landowners. The city has data on water in the pipeline that dates back to the
19800s, however the data is not specific to the individual springs. Data for the last 12 months
follows. Notes:
¥ Flow data is taken after the Ball Park spring has joined the line. It is the total water
entering the pool, with the exception of the-@Xvell (see discussion of Ball Park spring
and OXx2 well below).
¥ Temperature is taken 3 places: A) 480 below minal pbris is the temperature of the
portal spring only. B) NixonOs vault. This includes the Portal Spring, Vault spring, and
Minion Spring #3. C) Heat exchange vault at Parks Maintenance building, prior to
inclusion of the Ball Park spring. This is the saé@rgprings as B).
¥ pH, Conductivity are also taken at the Parks Maintenance building vault.

Box Ca—on Line

Flow |Temp ATemp B Temp { Heat Energy|Energy value
(GPM)| (jC) #C) | (iC) (BTU/hr) | per annum

12,20,15,11Portal, Vault, Minion 3| 112.9] 658 | 63.1| 51.8 | 5,582,684 | $1,369,685 | 7.19

Map ID Spring Name pH

Obviously there is a significant drop in temperature along the line currently. The installation of a
new insulated line should greatly improve heat retention.

Ca—on Creek Smaller Springs Discussion:

Also located along Ca—on Creek are 4 §&
smaller springsall on the east side, which &
are not currently being utilized: Minion 1,
Minion 2, Minion 4, and Peg 1. The MiniofS @&
springs were located and filed on by Way#
Goinin the 1980s and were later
transferred to the City as part of a legal i :
settlement with the Wiesbaden. The Peg | ®
spring was located and filed on by the Cit'?'q
in the fall of 2008. The data on these &
springs is as follows:




Canyon Creek Smaller Springs
Map Spring Name Flow | Temp | Temp | Heat Energy|Energy value C(i)\ztc;uct pH
ID (GPM)| (C) (3] (BTU/hr) per annum (uS/cm)

18 |Minion Spring No. 1 N/A 65.3 [ 149.5 N/A N/A 1,826 | 6.53
19 |Minion Spring No. 2 5.2 59.3| 138.7 226,547 |$ 55582 1,839 6.51
21 |Minion Spring No. 4 41| 67.8] 154.0 207,437 |$ 50,894 1,786 6.54
16 |Peg Spring No. 1 N/A N/A N/A N/A N/A N/A N/A

The hope for these springs is thiay can be accessed and added to the Pool Springs pipeline in
a costeffective way. The engineering study now being conducted will evaluate the possible
methods by which this augmentation could be accomplished.

Uncompahgre Gorge Springs Discussion:

In the lower reaches of the Uncompahgre Gorge near the confluence with Ca—on Creek are two
additional Minion Springs that have the same history as those mentioned above. Historically
adventurous climbers accessed the larger of th&tWmion 7Pas a natal skinnydipping

site. This spring too will be considered for capture and piping to a site where the water can be put
to beneficial use.

Uncompahgre Gorge Springs

Map Spring Name Flow | Temp | Temp | Heat Energy|Energy value C(i)\ztc;uct pH
ID (GPM)| (C) (3] (BTU/hr) per annum (uS/cm)

22/23 [Minion Spring No. 5/6 74| 69.0] 156.2 385,953 [$ 94,692 | 1,767 | 6.54
24 |Minion Spring No. 7 16.6 | 55.3] 1315 667,253 | $ 163,708 1,851 6.54
25 |Minion Spring No. 8 N/A 61.2 [ 142.1 N/A N/A 1,802 | 6.59

Manganese Mine Spring Discussion:

On the south bank of the Uncompahgre river immediately below the conflue@Gaean Creek

is the Manganese Mine and its associated spring. A Parshall flume was mstalled at the S|te in
August 2007 and the recorded flow has g "4 -
fluctuated between 44 and 67 gpm with
an average flow of 55 gpm, while the
temperature has remained relatwel
stable between 149 and 153 ¥4F. The
mineral content of the water emerging
from the mine is excessive and readily
contributes to corrosion of pipes and
pumps.

A settlement of a 1990s lawsuit arising rﬁ,'
from a City drilling project awarded



significant portims of the outflow to the owners of two nearby moté&ex Canyon Lodge &

Hot Springs andest Western Twin Peaks Lodge & Hot Sprinfse City has in recent years

signed a memorandum of understanding with the motel owners with regard to future shared use
of this spring by all parties. The expectation of all parties is that techniques can be adopted that
will allow for the most efficient extraction of the energy in the spEipgobably with heat
exchangers that will minimize the corrosion challenges. aflg, the CityOs share of the energy

can be added to the pool line to enhance the winter temperatures there and further enhance
prospects for the City Shop, Affordable Housing, and North Ouray projects described below.

Both the Twin Peaks and Box Canyomtés have natural esite springs of their own and

feature the availability of spring water in their advertising. The Twin Peaks uses water from the
Manganese Mine Spring directly in their hot tub and Jacuzzi, and via a heat exchange system to
heat theilobby, 27 guest rooms, and an outdoor pool. Box Canyon is currently exploiting only
their own source but is expecting to tap the Manganese Mine source in the near future.

Manganese Mine Spring Area
Map Spring Name Flow | Temp | Temp [Heat Energy|Energy value C?\ZSIUCt pH
ID (GPM)| (C) (3] (BTU/hr) per annum (uS/cm)
10 [Manganese Mine Spring| 60.6 | 60.6 | 151.4| 2,718,128 [$ 666,880 1,777 7.43
17 [Box Canyon Return Flow N/A 36.1 96.9 N/A N/A 1,943 | 7.56
26 |Twin Peaks Return Flow| N/A 38.2 | 100.8 N/A N/A 1,751 | 7.65
7 |Crystal Court Spring N/A 515 124.7 N/A N/A 1,868 | 6.99

East Side Springs:

There are two sources of geothermal water'dstfeet nea6™ Avenue, one privately owned and
the second owned by the City. The Wiesbaden Spa controls three distinct sources of hot water
while the City owns the nearby Vinegar Hill spring.

Wiesbaden Spa Springs Discussion:

There is sound evidence that in 8 Century Chief Ouray of the Ute tribe maintained a small
residence adjacent to a spring on the hillside above the passeMtiesbaden site. Early in the

20" Century that sprin@the Fellin springdand two others at a lower elevation were captured

by Spa owners who featured vapor caves, soaking pools and eventually a swimming pool. The
outflow from the three Wiesbaden sources is reused by the Wiesbaden and then captured by the
City. That outflow water contains approximately 600,000 BTU/hr in enecgpomically

accessible with heat pumps.



Vinegar Hill Spring Discussion:

The Vinegar Hill Spring map location #8 is a large volume tepid spring which experiences
major seasonal variations in flow rate. A

minimum winter flow can be in the aref175 =
gpm, while a lateMay reading at the height of | « 5
the spring run off can exceed 1,000 gpm.
Temperatures are inversely correlated with tINA. 7’&[
flow rate and range from 16 to 26 %2 C. An & . 5
adjacent homeowner to the source has a
contractual right to 9 gpm of thespring and
successfully diverted that quantity to a heat
pump in 2008 for residential space heating.

Fluctuating flows and periodic plugging have &
led to occasional surfacing of the Vinegar Hil ,_8,
Spring on 8 Avenue near the Catholic Churcl: T
creating flmding problems. In the summer of | =
2009 a newly and realigned pipeline will be S
installed to correct the problem. The plan "y :
currently is to relocate the Wiesbaden outflo Ao
which is now diverted to a storm drain, and
combine it with the Vinegar Hill Spring. The
new line with the combined flow will be ol g
constructed so that the water can be readily §o. 8
diverted for heating purposes at the Courthot*
and other nearby public facilities.

East Side Springs

Map . Flow | Temp | Temp | Heat Energy|Energy value
ID Spring Name cem)| © | ® | ®Tumy | perannum | PH
9 |Wiesbaden Outflow 51.5]| 39.5] 103.1| 1,346,499 |$ 330,357 7.00
8 |Vinegar Hill spring 356.6 | 23.3| 74.0[ 4,216,605 | $1,034,524 7.15

Pool Area Springs:

In the vicinity of the municipal pool and Fellin Park am® natural springs and two production
wells that were drilled in the 1980s. In addition a pipeline delivers the output from the two major
and one minor spring in Ca—on Creek mentioned above to the pool. The result is a significant
concentration of geothmal water in this part of the City. In spite of the major positive economic
impact the pool has on the community, much of the energy value in the water is untapped.



Production Well OX-2 Discussion:

Well OX-2 is clearly the major positive outcometioé CityOs exploratory drilling project of the
19800s. Of the six wells that were drilled at that time3@2és sealed, OX, 4 and 5 are
maintained only for monitoring purpose
and only OX2 and 6 have been
designated for production. O&is
currently shut off but OX2 produces a
reliable 190 gpm of 117Yv4F water. It wasse—
the added heat from this source that ma
winter operation of the pool feasible for
the first time. That capability is
unquestionably a major attraction for
residents and visitors alike.

Similarities in temperature and
conductivity between the Wiesbaden
springs and the O:2 well have been o
interpreted to support the possibility that

the sources are connected underground. An ongoing requirement of the court settlements of the
1980s is that # City must shut down the flow of GXfor 24 hours every Monday to maintain

the pressure within the confined aquifer system.

Fish Pond Spring Discussion:

The Fish Pond Spring is so nhamed in that for nearly a century it has supported a large pond
stockedwith goldfish anddfor a time in the early J0centuryballigators. The spring reliably
produces 99 gpm of ~70¥F water that is measured at the outflow after being cooled by exposure
to the air. In early 2009, a weir was installed in the outflow chaorecurately monitor

volume, but reliable numbers on variability are yet to be verified. The outflow is currently being
piped to the river and the largest portion of the potential 750,000 BTU/hr available from this
source with heat pumps is not beindizegid. The exception is that the Visitor Center is being

heated by a heat pump system that extracts some energy from the water.

Ball Park Spring Discussion:

The Ball Park Spring source is from the east hillside in the vicinity BAl@nue and Main

Street and is currently being added to other sources that flow into thé-fmyland temperature
vary seasonally, but it provides an estimate®@Q@pm of approximately 9406;F water. A
manhole cover is located within the Highway 550 right of way justhsof the 18 Ave.
intersection. The manhole itself has deteriorated and is in a dangerous condition for access.



Production Well OX-6 Discussion:

Well OX-6 is situated next to the skate ramp in Fellin Park and is currently shut down. The
produced weer is cooler than that in well OX and an apparent underground connection results
in a reduced flow in O when OX6 is open. Further evaluation will be necessary to determine
the optimal use of the well.

Pool Outflow Discussion:

The geothermal waten the Ouray Municipal Pool is treated with chlorine to required State
standards but is otherwise natural spring water. While resident in the pool, the water is pumped
through filters that remove some

of the mineral content, other
debris, and the skin ds] etc. that
are an inevitable byproduct of the
multiple users. Overflow water
which equals the inflow minus
evaporatiorDis passed through a
series of concrete vaults where t
chlorine content is chemically
lowered to meet State discharge
standardsEffective in the spring
of 2009, a flume installed at the =%
vaults will permit accurate
measurement of the discharge,
which is expected to be in the
neighborhood of 25@60 gpm of
76Y4F water.

Pool Area Springs
Conduct

Map Spring Name Flow | Temp | Temp | Heat Energy|Energy value ivity pH
ID (GPM)| (C) (3] (BTU/hr) per annum (uS/cm)

2 |[OX-2 Production Well 189.6 | 47.2| 117.0| 6,250,893 | $1,533,627 [ N/A 6.95
14 |Fish Pond Outflow 985| 186 | 654 747,742 | $ 183,455 N/A 6.83
N/A |Ball Park Spring 10-30 | 34-41 | 94-106 N/A N/A N/A N/A

6 [OX-6 Production Well N/A 25.6 [ 78.1 N/A N/A N/A 7.38
13 |Pool Outflow 250.0 | 246 | 76.2| 3,223343($ 790,832| 1,765 7.28

Exploitation of OurayOs Geothermal Springs:

The principal olgctive of the inventory project is an analysis of the potential for expanded usage
of a renewable energy resource in a time of cadsoren global warming. From the time of the
Utes usage has increased to the extent that, by 2007, one municipal swirnahimgne small

shop, three motels and one private residence are being heated by the water through direct



exchange. The Visitor Center has a-ggohange system and the first residence to employ a heat
pump to transfer heat from a cooler spring did so ssfeky in 2008. Two past attempts to use
hot spring water directlipone for snow melting at City Hall and one to heat a City €hop
eventually failed due to excessive pipe corrosion.

It now seems clear that the future expanded use of geothermaim@igray will be through

more efficient collection and the application of the latest generation of heat pumps and heat
exchangers. One major project is underway, two others are in the planning stage, and several
more are tentative and dependent on thdadubty of future funding. The ordering of the

projects discussed below is from highly probable to increasingly tentative.

Pool Line Upgrade and Replacement:

In the spring of 2009, a contract was awarded by the City for the engineering of a replatement
the pipeline that collects the major springs in Ca—on Creek and conveys the water to the pool. A
combination of internal pipe corrosion and external erosion by the stream has reduced to the flow
to the extent that the pool will not be operable thigeviwithout the repair. The timely success

of this project is critical to the economic vitality of the City, particularly during the winter

season.

The reasonable expectation for the repaired line is that a larger quantity of water will be available
from the primary sourcBwhich is consistent with historical data. In addition, employment of
insulated pipes should reduce the temperature drop between source and pool, which can be as
much as 16% F. This enhanced flow, combined with energy conservdtepailtshould

permit other uses of this water as discussed below.

Courthouse Heating Plant:

The Ouray County Courthouse 4t 8treet and® Avenue is being analyzed for the replacement
of a 1960s vintage oil furnace with a heat pump system tappengpimbined Vinegar Hill

Spring and Wiesbaden outflow. The
funding mechanism is expected to be a
performance contract initiated with the
assistance of a GovernorOs Energy Offi

competing proposals for the conversion §
and other improvements including
energyconserving upgrades to the
building.

The City is actively cooperating with the’:
County in promoting the project with thess
expectation that information acquired wik _
be helpful inthe economic analysis of A"

other public building heating systems. The cooperation includes a cooperative effort to realign

-
\



andmerge the two springas well as a City commitment to deferred energy charges during the
payback period and competitive ongoinguges thereafter.

Public Building Space Heating:

If the Courthouse heating system is upgraded as planned and functions as economically as
expected, three additional nearby public buildings will be considered for similar improvements.
The School Gymnasiun®uray City Hall and Community Center and the Ouray County
Historical Society Museum could potentially be heated with the energy available in the
combined Vinegar Hill and Wiesbaden outflow sources.

Manganese Mine Site Development:

The neaiterm reevalation of the Manganese Mine spring and its joint utilization by two motels
and the City is discussed above. The results of this cooperative effort are yet to be determined,
but it is certain that there will remain a significant volume of warm water wiplritant residual

heat. This will include the returning water from both motels after some heat has been extracted.

That residual heat available in the return flows as wesdl that from the warm ground and the
mine portal will be more than sufficient teupport a modest greenhouse. A speculative but
provocative project being promoted by interested locals is the installation of a community
greenhouse for growing local produce on the site.

Lastly, the Manganese Mine, positioned at the confluence of C&ngak and the
Uncompahgre, provides a logical location to which to bring the flows of the smaller Minion
Springs. Minion 7 a short distance upstream on the Uncompahgiauld logically be the first
of these springs to be captured and piped to thissitde location.

City Shop Heating Upgrade

The City shop and County shop facilities on the west side of the Uncompahgre River near the
Pool are now heated by natural gas but were once heated by water from the Pool line circulating
through pipes in th#oor. Mineral deposition eventually plugged the pipes and the system was
abandoned. Reestablishment of the full flow in the Pool line resulting from the repairs in Ca—on
Creek should allow for the restoration of a geothermal heating systensénféudties,

benefiting both City and Countirhe addition of added heat from the Manganese Mine site to

the pool line would insure an adequate heat supphew geothermal space heating system will
employ a recirculating fluid and a heat exchanger ratherusiag raw spring water directly.

Affordable Housing Heating System:

The City of Ouray, in cooperation with the town of Ridgway and the County has now completed
a multiyear affordable housing study. The highest priority for the City has been determined t
be an apartment complex with units priced within the reach of moderate income residents. The
likely location for the first set of units is a Gibyvned lot next to the river and within reach of



the pool pipeline. Efficient heat pumps accessing the eelldtaw in the pipeline will
contribute to the affordability of the units.

North Ouray Projects:

A large volume of warm water from the pool outflow is now being discharged into the river after
solids are settled out and excess chlorine is removedadoy sixinch pipeline, once installed

to serve a defunct water bottling operation one half mile to the north, is now unused. An
intriguing and potentially economically viable project would be the piping of the pool area
outflows to North Ouray commertiareas where greenhouses and aquaculture facilities could be
established.

Other Projects:

It is a near certainty that other innovative uses for OurayOs geothermal resources can and will be
found as we gain exposure and experience, and as the demesgpéorsible energy use
increases. We look forward to that time and opportunity.

Addendum:

The completion of the Inventory Project and preparation of this summary have been materially
aided by several individuals who brought particular knowledge arid skihe task. We are
appreciative of the time and energy that they generously offered.

Mike Fedel- City Staff- GIS map assistance.

Brandon GonzaleB Volunteerb Research and calculations of energy values.

Dan Fossep Director of Public Work® Histarical data on sources and applications.
Patrick Rondinellib City Administrator



Appendix A BField Data

Minion Spring No. 1

Date Flow Temp | Temp Co\r/}?yucu pH | Salinity Comments
(GPM) (¥C) (YaF) (uS/cm)
10/31/08
11/26/08
12/11/08
1/2/09
2/12/09
3/9/09 64.4 147.9 1,824 6.53 0.8 [Spring finally obvious! Flow visually estimated <5 gpm
4/6/09 66.1 151.0 1,828 6.53 0.8
5/7/09 Spring submerged.
Average 65.25 | 149.45 1,826 6.53 0.80
Std. Dev. 1.20 2.19 2.83 - -
Minion Spring No. 2
Conducti
Flow Temp | Temp . .
Date vity pH | Salinity Comments
(GPM) (#C) (Y4F) (uSicm)
10/31/08 5.1 59.4 138.9 1,837 6.54 0.8 [Measured discharge with 1 gal container
11/26/08 5.1 59.1 138.4 1,845 6.51 0.8 ;
12/11/08 5.2 59.4 138.9 1,839 6.53 0.8 ;
1/2/09 5.3 59.4 138.9 1,824 6.47 0.8 "
2/12/09 5.1 59.3 138.7 1,840 6.47 0.8
3/9/09 5.1 59.3 138.7 1,842 6.52 0.8
4/6/09 5.4 59.3 138.7 1,841 6.50 0.8
5/7/09 - 59.2 138.6 1,841 6.53 0.8 |Higher Canyon Creek flows -> flow meas. not possible
Average 5.19 59.30 [ 138.73 | 1,838.6 6.51 0.80
Std. Dev. 0.12 0.11 0.18 6.35 0.03 0.00
Minion Spring No. 4
Conducti
Flow Temp | Temp . .
Date vity pH | Salinity Comments
(GPM) (#C) (Y4F) (uSicm)
10/31/08
11/26/08
12/11/08
1/2/09 67.7 153.9 1,790 6.55 0.8 |On E side Canyon Creek near Pool line vault section
2/12/09 67.9 154.2 1,784 6.53 0.8 |Visual est. flow ~2 to 4 gpm on 1/2 and 2/12
3/9/09 4.2 67.9 154.2 1,774 6.56 0.8 |Flow could be influenced by Canyon Creek infiltration
4/6/09 3.9 67.7 153.9 1,794 6.51 0.8 "
5/7/09 Water too high to cross creek
Average 4.05 67.80 [ 154.05| 1,785.5 6.54 0.80
Std. Dev. 0.21 0.12 0.17 8.70 0.02 -




Minion Spring No. 5-6

Flow Temp Temp Conducti
Date N N vity pH | Salinity Comments
(GPM) (¥C) (YaF) (uS/cm)
All meas. @ main emanation point for MS#5. Flow
10/31/08 meas. combination MS#5/6
11/26/08 68.8 155.8 1,773 6.56 0.80

12/11/08 7.5 69.4 156.9 1,762 6.53 0.80 "

1/2/09 7.7 69.4 156.9 1,761 6.52 0.80 "

2/12/09 7.2 68.6 155.5 1,772 6.52 0.80 |Can't measure all flow due to higher river level

3/9/09 7.4 69.6 157.3 1,759 6.50 0.80 |Some seepage not measured

4/6/09 7.1 68.3 154.9 1,774 6.62 0.80 |Reset pipe--washed out; some sepage not measured

5/7/09 Spring area submerged

Average 7.38 69.02 | 156.22 | 1,766.8 6.54 0.80

Std. Dev. 0.24 0.52 0.95 6.85 0.04 -

Minion Spring No. 7

Flow Temp | Temp Conduct
Date ) 1 vity pH | Salinity Comments
(GPM) (%aC) (YaF) (LS/cm)

10/31/08 16.2 55.3 131.5 1,851 6.58 0.8 |Measured flow with 1 gal container

11/26/08 16.3 55.3 131.5 1,853 6.50 0.8 "

12/11/08 16.5 55.3 131.5 1,852 6.55 0.8 |Measured flow with 5 gal container

1/2/09 16.3 55.3 131.5 1,849 6.54 0.8 "

2/12/09 16.3 55.3 131.5 1,848 6.53 0.8 "

3/9/09 17.7 Measured flow with 1-in. throat width Parshall flume
3/9/09 16.4 55.3 131.5 1,852 6.55 0.8 |Measured flow with 5 gal container
4/6/09 17.7 Measured flow with 1-in. throat width Parshall flume
4/6/09 16.2 55.3 131.5 1,853 6.51 0.8 [Measured flow with 5 gal container
5/7/09 Unable to measure due to high river flows

Average 16.62 55.30 [ 131.50 | 1,851.1 6.54 0.80

Std. Dev. 0.62 - - 1.95 0.03 0.00

Minion Spring No. 8

Date Flow Temp | Temp CO\:?yUCtI pH | Salinity Comments
(GPM) (#C) (Y4F) (uSicm)
10/31/08
11/26/08 - 56.9 134.4 1,784 6.51 0.8
12/11/08 - 64.6 148.3 1,780 6.60 0.8
1/2/09 - 65.7 150.3 1,782 6.59 0.8 |Other seep area temp's = 50+
2/12/09 - 59.5 139.1 1,820 6.62 0.8 |River level up - mixing waters
3/9/09 - 59.6 139.3 1,823 6.62 0.8 |River level still up some due to warm weather
4/6/09 - 60.7 141.3 1,824 6.59 0.8
5/7/09 Spring area submerged
Average - 61.17 | 142.12 | 1,802.2 6.59 0.80

Std. Dev. - 3.35 6.04 22.17 0.04 0.00




Box Canyon Return Flow

Date Flow Temp | Temp Co\r/}?yucu pH | Salinity Comments
(GPM) (¥C) (YaF) (uS/cm)
10/31/08
11/26/08
12/11/08
1/2/09
2/12/09 - 36.2 97.2 1,948 7.69 0.8 [Meas. @ outlet of 18-in. OD CMP
2/25/09 - 33.8 92.8 1,984 0.9 "
3/9/09 - 37.1 98.8 1,942 7.64 0.8 "
4/6/09 - 35.2 954 1,921 7.22 0.8 "
5/7/09 38.1 100.6 1,919 7.68 0.8 "
Average - 36.08 | 96.96 [ 1,942.8 7.56 0.82
Std. Dev. - 1.42 3.02 26.30 0.23 0.04
Twin Peaks Return Flow
Conducti
Flow Temp | Temp . .
Date vity pH | Salinity Comments
(GPM) (#C) (%4F) (uSlcm)
10/31/08
11/26/08 - 43.4 110.1 1,623 7.64 0.7 |Measure in concrete culvert
12/11/08 - 43.4 110.1 1,874 7.65 0.8 "
1/2/09 - 33.6 92.5 1,768 7.72 0.7 "
2/12/09 - 38.5 101.3 1,852 7.80 0.8 "
3/9/09 - 34.8 94.6 1,822 7.85 0.8
Same as above. Surface run-off mixing with TP return
4/6/09 - 33.2 91.8 1,488 7.25 0.6 [flows.
4/6/09 - 39.0 102.2 1,750 7.55 0.7 |Meas. @ fountain (outlet) on TP property
4/16/09 - 39.8 103.6 1,835 0.8 "
5/7/09 - 38.5 101.3 1,746 7.70 0.7
Average - 38.24 | 100.83 | 1,750.9 7.65 0.73
Std. Dev. - 3.79 6.82 | 124.14 0.19 0.07
Managnese Mine (City Data)
Conducti
Flow Temp | Temp .
Date vity pH Comments
(GPM) (%aC) (YaF) (mS/cm)
5/27/08 57.0 65.1 149.2 3.53 7.5
6/27/08 57.0 65.3 149.5 3.52 7.4
7/29/08 57.0 66.9 152.4 3.56 7.4
8/28/08 57.0 66.8 152.2 3.56 7.4
9/25/08 60.5 66.9 152.4 3.57 7.4
10/30/08 60.5 66.8 152.2 3.57 7.4
12/3/08 67.7 66.4 151.5 3.56 7.5
1/26/09 67.7 67.0 152.6 3.66 7.4
2/27/09 67.7 65.5 149.9 3.53 7.4
3/20/09 67.7 66.0 150.8 3.56 7.4
4/30/09 46.9 66.9 152.4 3.48 7.5
Average 60.61 66.33 | 151.39 3.55 7.43
Std. Dev. 6.64 0.72 1.30 0.04 0.05




Wiesbaden Outflow

Date Flow Temp Temp Co\r;i?ymtI pH Comments
(GPM) (¥4C) (YaF) (mS/cm)

5/29/08 66.0 39.2 102.6 2.11 7.3
6/4/08 67.0 40.1 104.2 2.21 7.1
6/11/08 64.0 39.9 103.8 2.03 7.2
6/18/08 65.0 40.1 104.2 2.00 7.1
6/25/08 66.0 39.8 103.6 1.98 7.2
7/2/08 66.0 39.5 103.1 1.90 7.1
7/9/08 66.0 39.2 102.6 1.87 7.0
7/16/08 65.0 38.6 101.5 1.96 7.1
7/23/08 67.0 39.5 103.1 2.09 7.0
7/30/08 70.0 39.7 103.5 2.06 7.0
8/6/08 41.1 106.0 2.07 6.8
8/20/08 41.1 106.0 2.07 6.9
9/3/08 40.9 105.6 2.11 7.0
9/17/08 41.4 106.5 2.07 6.9
10/1/08 40.6 105.1 2.07 6.9
10/15/08 40.3 104.5 2.13 7.0
10/29/08 49.0 40.6 105.1 2.12 7.0
11/5/08 54.0 40.1 104.2 2.11 7.0
11/12/08 52.0 39.6 103.3 2.06 7.0
11/19/08 65.0 40.1 104.2 2.08 7.2
11/26/08 57.0 39.1 102.4 2.10 7.0
12/3/08 57.0 39.5 103.1 2.06 7.0
12/10/08 52.0 37.8 100.0 2.06 6.9
12/17/08 45.0 38.3 100.9 2.10 6.9
12/24/08 45.0 39.1 102.4 2.08 6.8
12/31/08 44.0 39.3 102.7 2.12 6.9
1/7/09 44.0 38.9 102.0 2.06 7.3
1/14/09 44.0 38.9 102.0 2.06 7.1
1/21/09 42.0 38.5 101.3 2.04 7.0
1/28/09 44.0 38.7 101.7 2.05 7.0
2/4/09 45.0 38.1 100.6 2.04 7.0
2/11/09 42.0 38.4 101.1 2.05 6.9
2/18/09 44.0 38.3 100.9 1.95 7.1
2/25/09 43.0 38.4 101.1 2.07 7.0
3/4/09 44.0 36.8 98.2 2.08 7.0
3/11/09 44.0 38.9 102.0 2.09 7.0
3/18/09 44.0 38.6 101.5 2.10 7.0
3/24/09 46.9 39.1 102.4 2.09 7.0
3/31/09 44.0 38.5 101.3 2.06 7.0
4/7/09 39.0 102.2 2.10 7.0
4/16/09 44.0 38.7 101.7 2.08 7.0
4/22/09 42.4 38.6 101.5 2.11 7.0
4/28/09 42.1 39.1 102.4 1.98 7.1
5/6/09 42.8 39.5 103.1 2.06 7.0
5/13/09 41.0 39.2 102.6 2.07 7.1
5/20/09 42.2 40.2 104.4 2.10 6.4
Average 51.47 39.52 | 103.14 2.07 7.00
Std. Dev.[ 10.06 1.06 1.91 0.06 0.14




Manganese Mine (Goin data)
Conducti
Flow Temp Temp . -
Date vity pH | Salinity Comments
(GPM) (¥C) (YaF) (uS/em)
11/26/08 57.0 67.5 153.5 1,773 7.09 0.8
3/9/09 67.2 153.0 1,780 7.20 0.8 [No flow meas as 2" partially submerged
Average 57.0 67.35 | 153.25 1,777 7.15 0.80
Std. Dev. - 0.21 0.35 4.95 0.08 -
Crystal Court Spring (City data)
Conducti
Date (I(:EISXAV) T((i(r?)p T((ilr_p)p vity pH Comments
(mS/cm)
5/27/08] N/A 50.0 122.0 2.97 7.1
6/27/08] N/A 50.1 122.2 2.99 7.1
7/29/08[ N/A 50.1 122.2 3.01 7.1
8/28/08] N/A 51.7 125.1 3.02 6.8
9/25/08] N/A 51.0 123.8 3.00 6.7
10/30/08] N/A 54.4 129.9 3.14 6.8
12/3/08[ N/A 53.5 128.3 3.10 7.0
1/5/09( N/A 53.9 129.0 3.12 6.9
2/27/09( N/A 54.6 130.3 3.09 6.9
3/20/09] N/A 54.4 129.9 3.11 6.9
4/29/09] N/A 55.1 131.2 3.15 6.9
Average N/A 53.19 | 127.74 3.08 6.89
Std. Dev.[ N/A 1.79 3.23 0.06 0.12
Crystal Court Spring (Goin data)
Conducti
Flow Temp | Temp . .
Date vity pH | Salinity Comments
(GPM) (#C) (YaF) (uSicm)
3/10/09 0.79 54.6 130.3 1,865 6.72 0.8 [Meas. Quality @ smaller of 2 openings
4/6/09 0.84 54.3 129.7 1,873 6.75 0.8
4/16/09 1.18 54.9 130.8 1,871 0.8
5/7/09 0.68 55.5 131.9 1,861 6.75 0.8 |Questionable flow - Pipe bowed in center, backing up
Average 0.87 54.83 | 130.67 1,868 6.74 0.80
Std. Dev. - 0.51 0.94 5.51 0.02 -




Box Canon Line Source

Flow Temp Temp CongiucU
Date (GPM) °C) °F) vity pH Comments
(mS/cm)
5/9/08[ 107.50 3.04 7.3 |Temp is portal only. Flow includes Ball Park spring.
6/3/08] 107.50 3.01 7.3 "
7/15/08| 150.40 3.02 7.3
8/5/08] 107.50 3.26 7.1
9/8/08] 107.50 3.25 7.1

10/30/08| 107.50 67.6 153.7 3.47 7.0

11/2/08| 107.50 66.2 151.2 3.46 7.0

12/30/08| 107.50 64.2 147.6 3.22 7.3

1/5/09] 107.50 64.1 147.4 3.41 7.4

1/28/09] 107.50 67.0 152.6 2.82 7.3

2/24/09( 107.50 67.8 154.0 3.41 7.2

3/3/09]| 107.50 67.4 153.3 2.92 7.2

4/6/09] 107.50 68.0 154.4 3.02 7.2

Average | 112.86| 65.82 [ 150.48 3.24 7.19

Std. Dev.| 15.17 1.60 2.89 0.23 0.16

Vinegar Hill Spring (City data)

Flow Temp | Temp Conducti
Date 1 N vity pH Comments
(GPM) (¥aC) (Y4F) (mS/cm)

5/27/08] 1,055.0 16.7 62.1 3.20 7.3

6/27/08| 852.7 17.8 64.0 3.36 7.0

7/29/08]  390.5 20.8 69.4 0.55 7.1

8/20/08| 264.8 21.9 714 0.65 7.0

9/25/08 229.0 24.1 75.4 0.82 6.9

10/1/08 184.0 25.0 77.0 0.91 7.1

12/3/08 175.5 25.5 77.9 0.98 7.3

1/26/09 157.1 24.2 75.6 0.99 7.3

2/27/09 175.0 26.2 79.2 1.01 7.2

3/20/09 197.5 27.0 80.6 1.00 7.2

4/29/09 241.0 27.6 81.7 0.80 7.2

Average 356.55 23.35 74.02 1.30 7.15

Std. Dev. | 305.58 3.63 6.53 0.99 0.14

Vinegar Hill Spring (Goin data)
Conducti
Flow Temp [ Temp . -
Date vity pH | Salinity Comments
(GPM) (%4C) (¥aF) (uSlcm)
11/26/08| 135.0 25.7 78.3 948 7.4 0.2
1/2/09] 126.0 26.4 79.5 999 7.5 0.3
2/12/09] 135.0 26.9 80.4 1,010 7.3 0.3
3/9/09| 155.0 26.1 79.0 940 7.1 0.2
4/6/09] 165.0 25.6 78.1 881 6.9 0.2
4/16/09] 230.0 23.8 74.8 690 0.1
5/7/09| 732.0 18.4 65.1 406 7.4 0.0
Average | 239.71 24.70 | 76.46 839 7.25 0.19
Std. Dev. | 219.87 2.94 5.30 | 219.23 0.21 0.11




OX-2 Production Well

Date Flow emp emp O\?ig/uai pH Comments
1 1
(GPM) (¥4C) (Y4F) (mS/cm)

5/9/08 190 46.8 116.2 2.39 7.0

5/27/08 220 46.7 116.1 2.38 7.0

6/10/08 168 46.9 116.4 2.37 6.9

6/27/08 203 47.2 117.0 2.36 7.0

7/11/08 187 47.5 117.5 2.40 6.9

7/29/08 185 47.0 116.6 3.00 7.0

8/5/08 230 47.2 117.0 2.40 7.1

8/19/08 220 47.3 117.1 2.40 6.8

9/10/08 164 47.1 116.8 2.41 7.0

9/24/08 160 47.4 117.3 1.90 6.9

10/8/08 155 48.0 118.4 2.43 7.1

10/28/08 187 47.1 116.8 2.43 6.9

11/18/08 200 48.2 118.8 1.27 6.9

12/9/08 200 48.4 119.1 2.42 6.9

12/23/08 200 48.6 119.5 2.40 6.8

1/6/09 280 48.6 119.5 2.38 6.9

1/20/09 275 48.7 119.7 2.41 7.0

2/5/09 120 48.4 119.1 2.40 7.0

2/27/09 160 46.6 115.9 2.09 7.0

3/20/09 145 46.7 116.1 2.39 7.0

4/7/09 249 46.6 115.9 2.40 7.0

4/22/09 200 47.0 116.6 2.38 7.0

Average | 189.63 47.20 | 116.96 2.41 6.95

Std. Dev.[ 26.08 0.20 0.36 0.30 0.09

Fish Pond Outflow

Date Flow Temp Temp CO\:SyUCtI pH Comments
(GPM) (¥C) (YaF) (mSicm)
2/5/09] 117.0 18.8 65.8 7.4 [Weir installed.

2/17/09 81.0 18.4 65.1 6.7

2/24/09 98.5 18.2 64.8 6.8

2/27/09 98.5 18.0 64.4 6.8

3/20/09 98.5 19.5 67.1 3.91 6.9 [Last measurement...bridge built over top of flume.
Average 98.50 18.57 65.42 3.91 6.83
Std. Dev. - 0.81 1.47 N/A 0.06




OX-6 Production Well

Pressure| Temp Temp Conducti
Date N N vity pH Comments
(PSI) (vaC) (VaF) (uM/cm)

5/9/08 6.1 21.9 71.4 1.44 7.5

5/27/08 6.0 20.8 69.4 1.52 7.5

6/10/08 5.4 21.9 71.4 1.52 7.5

6/27/08 5.0 26.4 79.5 1.62 7.5

7/11/08 5.0 26.2 79.2 1.61 7.5

7/29/08 4.9 28.7 83.7 1.71 7.3

8/5/08 4.8 27.4 81.3 1.64 7.4

8/19/08 4.8 26.8 80.2 1.62 7.2

9/10/08 4.8 21.5 70.7 1.48 7.3

9/24/08 4.7 25.8 78.4 1.62 7.3

10/8/08 4.5 27.8 82.0 1.69 7.2

10/28/08 4.6 19.8 67.6 1.44 7.3

11/18/08 4.5 21.0 69.8 2.01 7.3

12/9/08 4.5 17.6 63.7 1.98 7.2

12/23/08 4.9 16.2 61.2 1.99 7.2

1/6/09 4.9 17.2 63.0 1.89 7.2

1/20/09 3.9 17.3 63.1 1.90 7.3

2/5/09 4.3 16.9 62.4 1.94 7.3

2/27/09 4.3 12.5 54.5 0.82 7.3

3/20/09 3.8 15.2 59.4 1.22 7.5

4/7/09 4.1 14.9 58.8 1.09 7.4

4/22/09 3.8 14.2 57.6 1.17 7.4

Average 4.93| 25.59 | 78.06 1.60 7.38

Std. Dev. 0.22 2.56 4.61 0.07 0.12

City Pool Return Flow
Conducti
Flow Temp Temp . .
Date vity pH | Salinity Comments
(GPM) (#C) (YaF) (uSicm)
10/31/08 Currently no effective way to measure flow.
11/26/08] N/A 25.9 78.6 1,776 7.82 0.7 |Meas. @ outlet of 18-in. pipe
12/11/08
1/2/09] N/A 25.8 78.4 1,761 7.80 0.7
2/12/09] N/A 21.2 70.2 1,843 8.03 0.8
3/10/09] N/A 21.7 71.1 1,867 8.00 0.8
4/12/09] N/A 25.8 78.4 1,794 0.7 [Snowy morning; pH probe malfunction
5/7/09] N/A 26.9 80.4 1,548 0.6
Average 24.55 76.19 1,765 7.28 0.72
Std. Dev. 2.44 440 ] 113.63 0.12 0.08

Notes on Field Data:
¥ Conductivity values should be used for relatcomparisons. City data readingsr(i§’cm) were
all taken with the same meter but appear to be high.



