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DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express 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 privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.
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STEAMBOAT SPRINGS

The State Highway Department Building at. Steamboat Springs has been .
evaluated in this appraisal for the use of geothermal energy in state-
owned bu11dings ‘Steamboat Springs is the location of several surface -
hot springs, including Heart Hot Springs, Steamboat Hot Springs, Sulphur

Cave Hot Springs and Routt Hot Springs. The Highway Department Building
~ is favorably -located relative to Steamboat Hot Springs but is 6.3 miles
from Routt Hot Springs. However, more and better resource assessment
_ gnformaticn is available for Routt Hot‘Springs then for Steamboat Hot

prings. :

‘Evaluation of existing resource assessment data for Routt Hot Springs

"f~wa indicates a reservoir temperature of 200°F to 250°F, well depths of 2900
. feet, flowrates of 100 gpm per well, and total dissolved solids. of 550 mg/1..
--The data on Steamboat Hot Springs indicates a reservoir temperature of lSDfF,

-~ well depths uncertain but in the range of 800 to 6000 feet, flowrates of

"?;;;qsoo gpm per well, and’ ;total .dissolved solids: of 100 to 6000 mg/1.  For
. purposes of. this’ appraisal ‘only the resource associated with Steamboat
: Hot Springs is used and a- favorable weli depth of 800° feet is” assumed

The State Highway Department Bu11d1ng 1n Glenwood Springs is‘a com-

?ffxfbination office building and maintenance garage. ' In is presently heated
" by two suspended natural gas furnaces. Two geotherma] options have been
- evaluated: (1) a heat exchanger coupled to-a-deep well on the geothermal

‘side-and to hot water fan coil heaters on the’ building side; and (2) water-
to-air heat pumps supplied from a shallow warm aquifer. In the first case,
space heating can be accomplished using 150°F geothermal water at 30 gpm;

- in the.second case, space. heating can be accomplished with 80°F to 100°F
warm water at 50 gpm.,~ S

: The geothermal energy economics are evaluated for both ‘the heat ex-
changer/deep well- and: the heat pump/shallow well options. -In the:former
~case,. the costs of the production ‘well are prorated -for the required 30

- gpm out of the assumed 500 gpm capacity; it is assumed that other users
would use ‘the balance of the production capacity and share the well costs.-
Both geothermal options are found to be economical]y competitive w1th the
existing natural gas heating system.

. The pr1nc1pai institutional issue for a geothermal heating system for
the Highway Department Building:is ‘the question of whether or.not the State

~‘owns .the geothermal rights on- the State property. A title search is re-

quired to make this determination. If the State does not own the. geothermal -
rights, then geothermal leases would have to be acquired. - The environmental
considerations are minimal, even with the assumption of surface diSposai of
the small quantity of water used for heating. ~ ’
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. Resource Assessment for Steamboat Springs

At Steamboat Springs there are two geothermal resource areas. One
is immediately beneath the town of Steamboat: Springs. A smaller but
hotter geothermal area is found five miles north of town at Routt Hot
Springs where there are several small springs with a combined discharge
of near:100 gpm and temperatures of 147°F.

~ There are three main spring areas in the town of Steamboat Springs.
- On the western edge of town is the Steamboat Hot Springs itself at 79°F
and 20 gpm.  On the eastern edge of town is Heart Hot Springs &t 102F
and 140 gpm, and just south of downtown is the Sulphur Cave Hot Spr1ngs
at 68°F and 10 gpm. _

. The geology of the Steamboat Spr1ngs area is complex. Cretaceous
.- sediments outcrop through the western and Southern portions of the: area-
~in southwesterly dipping beds of Mancos Shale and Dakota Sandstone.
= These-sediments- truncate against a major high angle reverse fault-which.
.trends’ north-south-directly through the town of Steamboat Spr1ngs (F1gure
- 38). This fault uplifts Precambrian basement granites and gne1sses over
:-2000 feet into contact with Mesozic sediments (Snyder, 1977). The Routt
.= Hot: Spr1ngs are flowing from-fractures, while the Steamboat. Springs- are -
"*11;10w1n$ from outcrops of Dakota Sandstone and the overlying Browns Park
Formation. - : e

A Geophysical stud1es w1th1n the town of Steamboat Spr1ngs itself show
~the’ geothermal reservoir appears to be restricted to-a northwest-trending -
normal - fault approximately following the Yampa River (Christopherson, 1979).
Seismic studies at Steamboat Springs indicate a reservoir would be at depths
of at least 6500 feet but the lTocal geology indicates a depth of only 800
feet is p0551ble - ,

The spring temperatures at Routt Hot Springs; combined with extensive
hydrotherma] alteration, indicate - elevated reservoir temperatures could
exist. Although several analyses indicate reservoir temperatures in excess
of 250°F at Routt Hot Springs, more realistic, conservative projections seem

- to be 200°F to 250°F,: The geothermal: reservoir at.Steamboat Springs probably
’ has a Tower subsurface temperature, posszbly not exceeding 150°F.

The areal extent of each reservoir has been proaected by Pearl (1979)
and is believed to be restricted to the two controlling fault zones. The
, geothermal resources-at Routt Hot Sprnngsnnay be confined to:a small area -

only three-quarters of a mile square. -The Steamboat Springs reservoir could _7

~cover from 0.52 to 1.0 square milés (Christopherson, 1979). 'The low flow
rates at-both spring areas, combined with low permeabil1t1es in the Precam-
brian rocks of Routt Hot Spr1ngs,1nd1cate that well production rates may be -
~_very low, possibly 100 gpm per well at Routt Hot Spr1ngs and up- to 500 gpm
. o at Steamboat Spr1ngs.‘ , _
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The proaected geotherma] systems at Routt Hot Springs and Steam~
boat SprIngs are summarized as:

Routt = ‘Steamboat Sprinas

Reservo1r temperature.'~_ : 200°F - 250°F (2) : 150°F (2)
Depth: 2900 feet (3) ~ 800-6000 feet (1)*
Production/wel] 2 100 gpm (2) 500 gpm (1)
Areal extent: . 0.75 square mi]es(3) 0.52-1.0 square miles (2)
Format1on' © . Fractures in pg** (3) Dakota Sandstone (2)
TDS: 550 mg/1, - - 1000-6000 mg/1
Useab]e heat: . 90 x 10]1 Btu (2) 30 x 1011 Btu (1)

* Geo1ogy 1nd1cates approxxmately 800' and geophys1cs 1nd1cates
' approx1mate1y 6500'.. ** p€ = Precambrian -

The—geothermal resources at Routt Hot Spr1ngs are probably much hotter»

,;i;»:fnan those beneath Steamboat.. Spr1ngs. ‘However, the drilling target for a-
- geothermal well at Steamboat Springs would not be as- restrictive as at

-~~~ Routt Hot Spr’ings., ‘For purposes of this. appra1sa] drilling Of a productwn’
- wel] on the s1te of the Highway Department Bu11d1ng is: assumed

Bu11d1ng Retrofit Eng1neer1ng for State H1ghway
~ Department - Bu11d1ng o

... - The retrofit eng1neer1ng des1gn Spec1f1cations for the H1ghway Depart-
ment Building in Steamboat Springs are presented below. Fiqure.39 provides
~a schematic: draw1ng of - the heat pump opt1on for the space heat1ng requ1re-
ments. . -

Present"Conventional FUelTHeating System Sl e .
- Heating -

'Buildingf,c‘}Square'Footage;y o Fuei‘ . Equipment - ~,Peak'Heat Load
(Office/ 4000 Natural Gas Furnaces (2) 300,000

Garage :

.Geothermal Heat Exchanger Design- Specifxcat1ons‘

- Proposed System and ModificationS' S

E 1;,;Retrof1t to ut1]1ze geotherma] hot water for space heat1ng.~
‘2;21Rep1ace gas fired furnaces with hot water coil H- 3 v un1ts.
,d3. Ex1st1ng air distribution to remain. ‘
4. Curcu]at1ngrpump-js,requ1red,
5. Air separator-and'eipansion tank are required.
.'6.~ Distribution p1p1ng is required.

7. More sophlst1cated temperature contro1 is required.
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Engineering Design:

' Design heating can be accomplished using 150°F geothermal water at .
30 gpm,AT = 20°F and a 10°F approach. - ,

,Equipment Components,and Cost Estimates:-

. Unit Total

R Comgonentj ) Specificetions . _Quantity Cost Cost
_" Heat'Exohanger 30 gpm, 10 *approach 1 - $3,000 - $3,000
S 150 °F~130 °F on geo-- : ‘ _
- thermal side
120°F-140°F on bui]d-
el ~ ing side ‘
 H&VUnits 16,000 Btu/hr output 2 6,000 12,000
o 7500 CFM. U
1iCirou1ating:Pump, S T o ,1,000, ( 711,000'
* Air Separator and 1,000 - 1,200
- Expansion tank - | : ' S
Piping. 2000 . 16 3,200
~Insulation - ' N 200' 6 1,200
Temperature‘Con- ' | . : L
troller . SR e o o 1,080 - 1,080
SUBTOTAL | $22,680

Contingency (10%) 2,268
TOTAL  §24,948

Geotherma] Heat Pump Design SpeCifications ‘

Proposed System and Modifications

.

'Retrofit to utilize geothermai hot.water as .source’ for water-to- .
- air heat pumps. : : g :

.f Existing air distribtu1on to remain, however. additional sheet _
metal may be: requ1red.: . , ,

~Rep1ace gas-firedfurnaces w1th water to air heat pumps. =
kC1rcu1ation pump. is required
'Air.separator~and expansion.tank~are required; .

'DiStribution'piping to heat pumps is required.

3-way diverting valve is required.

~ More sophisticated'tempereture control 1is required.
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Engineefing Design:

Design heating’ can be accompl1shed w1th water-to-air heat pumps
égOPf-? .0) using an 80°F to 100°F warm water source at 50 gpm and a
of 15°F, e ‘

Equ1pment Components'and?Cost‘Estimates: C
' : : Unit. Total

Componentfv " Specifications Quantity Cost Cost
Heat: Pump 65,000 Btu/hr, 5 $1,250 $6,250
| COP=4.0 |
Sheet Metal R ‘ | 1,000
Circulation Pump 0.9 HP o 1,000 1,000
Air Separator and - 1 1,200 1,200
Expansion tank. R - B :
Piping . . . 200" - 16 3,200
Insulation = - 200" 6 1,200
Temperature. Con- . 1 695 695
troller - S - . —_——
SUBTOTAL - . . $14,545

Contingency (10%) 1,454

TOTAL $15,999

Economlc Evaluations -

 On the following pages are presented the 1tem1zed geotherma] capital
improvement costs, the annual operating and maintenance costs: for both the
- geothermal systems and the conventional fuel system, and the results of
the calculations of the four economic measures -for the heat exchanger and
heat pump options evaluated for the nghway Department Bu1ld1ng at Glen-
wood. Spr1ngs. : .

o " The total geothermal cap1ta1 1mprovement costs: are estzmated at $39, 232,
_ for the heat exchanger system with a deep well prorated at 30 gpm of the
prospective 500 gpm- total flow and at $30,674 for the heat pump system and -

=~ a'shallow well. The first year operating and maintenance costs: are esti-

mated at $1,399 and $3,535, respectively, for the two geothermal options,~r '
- as- compared to- $3 689 for the natural gas fired furnace system.
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The calculated economic measures (assuming fuel price escalation of

15% per annum) are summarized as follows:

Heat Exchanger . ~H

Heat Pump

: - Prorated Deep Well Shallow Well

- Simple Payback Period 11 years 3 9 years
Total Annualized Cost: Lo : '

_ Geotherma]: . $6,882 - $9,870

- Conventional: = - $11,651 - $11,651

- Total Undiscounted Savings:" : . .$282,555 - $170,900

Total Present Value Savings: $76,773 $40,537

- Both the heatfexchanger/prorated‘deeb'we1l and ‘the heat pump/shallow -
- well options are economically competitive with the existing natural gas

~ heating system. The heat exchanger system has a slightly longer simple

payback period, but the annualized cost is lower and:the “energy" savings

":_‘are‘greater than for the heat pump system. .However, the economic success

7f-aof-the»heat_exchangérxsyStem~iSidependentrUpoh]otherTuSers consuming the
- balance of the geothermal water produced by the 500 gpm deep well.

174




CAPITAL COSTS

- Location: | Steamboat Springs» : Fac1]1ty nghway Department Bui]d1ng

“Geothermal 0pt1on' Heat Exchanger w1th Deep Well on-site .

A, Production We11'SystaﬂeProrated;by gpm o Costs'

~ Exploration : el ,' S e T g 120
- ‘Reservoir Engineer1ng e St o o 1,440
' WeT]s 1 @ $ 120,000 x 30 ' : : 7,200
i _ 500 BRI
“~w,WeT1 Pumps (1 ) 3ngm,2Ao ft-hd, 3.2 WP 1,280
VaTves and Controls ‘ : . E , - - 60 -
Contingency Funds- (10%) RS ' -~ Included
 Subtotal - | Q 10,700 -
Engineering Design Fee (10%) , S Included

Total ; | | .$710,700

B. Transm1551on Line System

Piping (50  ft.) Insulated | , | - 1,100
Pumps (- ) - gpm, . - ft-hd, HP SR N.R.
“Contingency. (10%) . - ’ 110

Subtotal ° ‘ o X o 1,210
Eng1neer1ng Des1gn Fee (10%) | : : 121
© Total , SRR 8 P51
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C. Centra1 Distribution4system'»

Heat Exchanger, or ' : S $3,000
Heat Pump.. - - - -
Auxillary Bu11d1ng , - -
Valves and Controls = 1,200
Piping -
Circulation Pumps ( ) -
gpm, ft-hd, -~ HP
Miscellaneous: . = : , -
Contingency (10%) = ‘ 420
~ Subtotal | 4,620
_Engineering Design Fee (10%) - 462
Total - DR . ' , $ 5,082

© D. Building(s) Retrofit HVAC System -

Heating Units | | $12,000
Retrofit Plumbing - - 4,400
Valves and Controls . . ' 1,080
Contingency. (10%) 13748
~Subtotal v 19,228 -
, Eng1neer1ng Design Fee (10%) _ S 1,923
Total = - - R $ 21,151
E. Rem:jectwn/msposa'l System - Surface
Re1njectxon well(s) .r wel]s e s R
Piping { - ]00 ft ) ' : - $800
~ Pumps () ERRR L R N.R.
- Controls and. Valves 1e,- L . _ ' L N.R —
Cont1ngency’(10%) A SUIE P R S 80
-~ Subtotal. | ' o | o880
v Eng1neer1ng Design Fee (10%) 88
Total $ 968
- $ 39,232

F. GrandfTotal
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E .

- ANNUAL_OPERATING AND MAINTENANCE CO‘TS o -

(1980 Dcl]ars)

- Location: Steamboat Springs SRR Facility: Highway Department Building

‘.Geothermal Option: Heat Exchanger with Deep Well on-site

Geotherma! System‘~'

Maintenance_Cost/:

Conventional Fuel System

Type of System: . Natural Gas Fired Unit Heaters

| Cost Item  Electricity Cost ~ _ (% of C. C.)
~A; Production Well System - e S 1 428 (4%)
. Pump electricity 3.2 HP ‘ 8 464 CEa
B. Transmission Line System e - 13 (1%).

C. CCentra1 Distribution System v SRRV | '
" Heat Pump electricity = - ' - S 51 (1%)
‘ Circ. Pump-electricity N - :
D. Bui]ding(s)'Retrofit HVAC System . . . o a28 (2%)
E. ,Reinaect1on/DisposaT System S - : , ; 19 (2%)
Total | g aes $ 935

E?ectr1c1tv Cost

1980-81 Estimated Total -
Annual Electricity Cost $ 0o

177

Fuel Cost R = - Maintenance Cost
- Total Annual Fuel Load 1,044 x 10 ® Bty Percent of Associated 2%
- 1980-81 Est1mated Fuel . . Capital Costs . A o
Price . ; $3. 15/]0 Btu " Estimated. Capital . $17,600
°1980-81 ‘Estimated Total o - Costs = PRI AT
~ Annual Fuel Cost -~ $ 3,200 - Estimated Ma1ntenance v
: S Cost ‘ : ¢ 400 ;




Location:k Steamboat Spbings,;_

— ECONOMIC_EVALUATIONS

Facility: ’Highway Department Building .

Geothermal‘optiOht Heat Exchanger with Deep Well on-site

A. Simple Payback Calculation

Current Annual -
Conventional System Cost -

Natural Gas. § 3;288 =

- Electricity - -
Maintenance. 400 =
“Total = § 3,689

Geothermal System Cost

Capital Cost (1980 Dollars)
First Year Operating Cost
First Year Maintenance Cost

Total

Geothérma1\5ystem'Cost :

: Simp]e Péyback Period: f’fTotaT
T e ~ Total Conventional System Cost

B. Annual Cost Comparison

" {Assume 20-Year Life‘andaloz per<Annuh~Cost of'Capita]),

Cost Item

Capital Investment
Electricity
~ (9%/yr. escalation)

_ 'Maintenance . .
. (10%/yr. escalation) -

* Conventional Fuel =~
.(15%/yr- escalation)

Total Annualized Cost

ConventionaT”System ,

Aninualized Cost

$ 39,232
ST
935

$40,631

Geothermal System
Annualized Cost

$ -

583

11,088

$11,651
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6L1

Convent1ona1 System’ -HPreééhtjﬁéluél'
Year = Fuel (15% ) Elect. (9%) Maint, (102) E]ect (9%) Maint. (10%) Year  Annual Savings __ (i=10%)
1980 - 0 S o |
1981 $3 289_ SR 0- $400 $464 $935 1 $2,290 $2 082
1982 3,782 | 440 506 1,029 9 2.687 2,221
1983 4,350 . S 488 551 '],131 : 3 3,152 2,368
1984 5,002 o k32 601 1,284 3 3,689 2,520
1985 5,762 S 586 655 1,369 5 4,318 2,679
1986 6,615 R ‘ 644 - 714 1,506 6 5,039 - 2,845
1987 7,608 S 709 778 1,656 7 - 5,883 3,019
1988 8,749 R 779 848 1,822 8 6,858 3,199
1989 10,060 857 925 2,004 9 7,989 - 3,388
1990 11,570 : 943 1,008 2,204 10 - 9,301 3,586
1991 13,306 - o 1,037 1,098 2,425 11 10,820 3,792
11992 15,302 ‘ C1,141 1. 1197 2,668 12 12,578 - 4,007. :
1993 - 17,597 : oo 1,255 1.305 2,934 13 14,613 4,233
1994 20,237 1,381 1,423 3,228 14 16,967 4,467
1995 23,2722 - 1,519 1,551 3,551 15 19,689 4,714
1996 . 26,763 - = 1,671 1,690 3,906 16 22,838 4,970°
1997 30,777 1,838 1,842 4,296 17 26,477 5,237
1998 35,394 2,022 2,008 4,726, 18 30,682 5,520
1999 40,703 2,228 2,189 5,199 .19 35,539 5,811
2000 46,808 S 2,446 2,386 5,718 20 41,150 6,115
Totals | ’ | ¢ 282,555 $ 76,773
Capital Investment  $39,232
| . Undiscounted ~ Present Va]he‘(disgougted at_10%)
Total 20-Year Sav1ngs $282,555 $76,773. |
Payback Period 10 years 14 years

~ Location: Steamboat Springs -

ECONOMIC EVALUATIONS (cont'd)

o Fac1lity nghway Department Bui]ding

. Geotherma]Aoptioh Heat Exchanger w1th Deep Well on- swte

- C. Total Savings and Pavback Perjod

_Geothermal System _ End of -




CAPITAL COSTS.' :

“'Lécatidn:f Steamboat Spr{ngs : Facility H1ghway Department Build1ng
‘fj‘Geothérma1 Option: Heat Pump with Shallow Well and Artesian Flow

- A Product1on Well System e S L ' Costs
v Exp]oration IR R e : v ,f B |
- Reservoir Eng1neer1ng f R
Wells 1 @ $ 10,000 (500 feet) © . 10,000
el Pumps (1) 50 gpm, 140 ft-hd, 3. W s
g ‘-'Va1ves and Controls . ' ' ‘ : e e
'foont1ngency Funds (10%) B o _Included
~ Subtotal - T ' ;]0’775
,Engineering Des1gn Fee (10%) : 4 Included
Total - ‘ ' - $ 10,775
©~ B. Transmission Line System . . -
~ piping (50 ft.) Insulated 1,100
Pumps ( ) - gpm,  ft-hd,  HP -~ ‘ ~ N.R.
‘Cont1ngency (10%) ' . ‘ 110
- Subtotal. : ‘ R : 1,210
'Eng1neer1ng Design Fee (10%) f R a2
4 Total [ s 1,331
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C. Central Distribution System

Heat Exchanger, or . ‘ U N.A.
"Heat Pump. : : S : ‘ :
Auxillary Bu11d1ng :

Valves and Controls

Piping

Circulation Pumps ()

‘ o gpm ’ ) t‘hd - HP

. M1sce11aneous
Contlngency (10%)

Subtota]
Engineer1ng Des1gn Fee (10%)

TbtaT TR | . : ST $ 0

: D;v.BUdeiqg(s)‘Retrofit‘HVAC»System'

Heating. Un1ts L ‘ o . B
5 Heat Pumps @ $] 250 S o . 6,250

- Retrofit Plumbing - =~ ' 7,600
Valves and Controls -~ - = ' . _ 695
Contingency ( 10%)‘ e ‘ . . 1.455

- Subtotal o . 16,000
_Eng1neer1ng Design Fee (10%) | o 1,600
Total - - . § 17,600

E. Reinjection/Disposal System -Surface

Reinjection Well(s): - wells € § MR

~Piping ( 100~ ft.) ' AR S 800

~ Pumps () : PEAE S N-&.

** -Controls and’ Va1ves : S L ~N.R.

| ‘Contingency (10%) o 80

. Subtotal ,8807
= Engxneer1ng Design Fee (10%) 88
Total - : ¢ 968

F. Grand Total o : S $ 30,674
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ANNUAL-OPERATING AND MAINTENANCE COSTS

- (1980 Dollars)

LOcatioh: Steamboat Springs

Facility: Highway Department Building

Geothermal Option:}Heat»Pump with Shallow Well'and Artesian Flow

Geothermal System

Cost Item '

A; Productxon Well System
. Pump electricity - e HP

Transmission Line System
* Central Distribution System -
Heat Pump electricity-
_Circ. Pump e]ectr1c1ty
D.  Building(s) Retrofit HVAC System S

E.»_Re1n3ection/Dlsposa1 System
Total -

*Heat Pumps -

Maintenance Cost/

Electricity Coét (% of C. C.) _
! | 940 (4%)
. 446 S
- 1B (1)
C1,765% 352 (2%)
e 19 (22)
$ 221 $ 1,34

Conventional Fuel System

Type of System;

Fue1 COSt

o Total Annual Fuel Load: 1,044 X 10° Btu
$3 1510 Btu

1980-81- Estimated Fuel
- Price.
1980-81 Est1ma;ed Tota!

Annual Fuel Cost $ 3 289

~ Electricity Cost

1980-81 Estimated Total
Annual Electricity Cost ~ §

Natural Gas Fired Furnaces

| Maintenance~Cost

Percent of Associated
Capital Costs -

HeEst1mated Capital - $17.600
Costs : P
Estimated Maintenance
Cost $ 400
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ECONOMIC EVALUATIONS -

Location: Steamboat Springs _  Facility: Highway Department Building
- Geothermal Option: Heat Pump with Shallow Well and;Aktesian Flow

K. Simple Payback Calculation-

© Current Annual ' | |
Conventional System Cost . Geothermal System Cost

* Natural Gas  $ 3,289 - Capital Cost (1980 Dollars)  §$ 30,674
- Electricity . 0 .. First Year Operating Cost .- . 2,211
Maintenance - 400 - First Year Maintenance Cost 1,324 -
Total . §3.689 Tota]. ] § 34,209
o Sihple‘Payback Pefidd; TotaT Geothennal System Cost ¥ jg Cyears. 3
' ' s Total Conventiona] System Cost -~ -
" B. Annual Cost Comparison
(Assume»ZO-Year"Life~and 10% per AnnumiCost’df Capital)
B S _Conventional System  Geothermal System
Cost Item © __Annualized Cost = Annua11zed Cost
‘»Capital Investment e T I ' . $ 3,603
Electr1c1ty . o S o o :
(9%/yr. escalat1on) SO ‘ R L 14,336
Maintenance R U T R Y |
(10%/yr.: esca]atloa); e e B3 e 1,931
Convent1ona1 Fue1 : - ' ]1’053_'v,’7 S B - _'
{15%/yr. escalation) S e S
Total Annualized Cost $. 11,651 . $ 9,870
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ECONOMIC EVALUATIONS (cont'd) Ll o - S
Locaﬁon Steamboat SP""‘QS ' Fac111ty Hi‘ghway Depari:mgnt Building
Geotherma] Optlon Heat Pump w1th Sha]low WeH and Arteswn Flow \ B |
C. Total Savmgs and Payback Period o ‘ SRR — o ‘
_Conventional System e Geothermal System ~ End of S . Present Value
Year  Fuel ( ]5% ) Elect. (9%) Maint (10%) Elect. (9%)" Maint. (10%) , Y_ear. | Annual Savmgs . (i 10%) '
1980 - o | | o " 0 | o | |
1981 $3 289 R $4oo‘ 22 9, 324 1 | $154, A s . ;
1982 3,782 o a0 "2.410 1,456 2 386 294 o
1983 49350‘ s oo 484 2,627 1,602 3 - 605 455
1984 5,002 A X 74 2, 863; 1;762 4 909 B T4
1985 5,752 | - 586 3,12 1,938 5 1,279 794
- 1986 - 6,615 o 684 3,402 0 - 2,132 6 1,725 - 974
1987 - 7,608 B . - 709 : 3,708 2,346 7 2,263 : 1,161
1988 8,749 79 4,042 2,580 8 2,906 1,356 n
1989 © 10,061 o851 4,406 2,838 9 3,674 1,558
1990 11,570 b 943 4,802 3,122 10 4,589 | 1,769 :
1991 13.306 1037 5,238 3,434 11 5,675 1,989 -
1992 15,302 - 114v 5,705 3,778 12 6,960 2,217
1993 17,697 : -~ 1255 16,219 4,155 13 8,478 2,456
1994 20,237 o a3t 6,778 4,571 14 10,269 2,704
1995 23,272 e ~ - 15819 : . 7,388 5,028 . 15 12,375 2,963
1996 - 26,763 RIS 1671 ' 8,054 5,531 16 14,849 3,231
1997 30,777 : e 1838 : - 8,778 . 6,084 17 17,753 3,512
1998 35,394 2022 9,568 6,692 18 21,156 3,806
- 1999 - 40,703 L R 2224 10,430 7,361 19 - 25,136 : 4,110
2000 46,808 | 2446 11,368 8,097 20 20,789 4,427
Tof,a]s : ‘ ‘ S : , : R o : ,» ., o $]70’900 | 't 40,537

Capital Investment ©$30,674

| Undiscounted * Present Value (discounted at 10%)
Total 20-Year Sav1ngs . $170,900 R $40,537
Payback Period ; - 12 years

17-18 years
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Institutional Requirements

In the Steamboat Sprlngs analysis, two alternative design poss1b1-

- lities are considered: & deep and a shallow well, either to be drilled
- at the Highway Department site. As with other on-site wells, the drill
~site is owned by the State, but mineral ownership is unknown pending a

- title search. Because surface disposal is suggested in the design -
assumptions, water rights are likely to be required. A State well per-

mit and disposal perm1ts are necessary. The County would require only
a mechanical permit. to allow retrofitt1ng of the system (Tom P1erce,
pers. comm. 198])

Env1ronmenta1 Cons1derat1ons

For- the Steamboat Spr1ngs area, little 1nformat1on is available con-

. cerning possible environmental problems from geothermal development. Since
- ‘on-site wells are suggested for the Highway Department Building, there is
" 1ittle opportunity for pollution to occur. The'water quality from the
. three inventoried geothermal spring areas varies widely, from 903 mg/1
. TDS at the Heart Hot Springs to 6170 mg/1 TDS at Steamboat Hot Springs
. (Steamboat has-high magnesium, boren and. chlortde ‘concentrations, as well
= as high alkal1n1ty)(Barrett and Pearl, 1976). For this study, although
.. surface disposal is assumed for the eng1neer1ng plan, reinjection might
“be necessary depending upon the water quality obtained by drilling a well.

.
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APPENDIX A |
LEGEND FOR ENGINEERING SCHEMATICS.

<

FPUMF

SUNVAVE
| *Z-NAY\/AL\(E,

- BXPANSION VALVE
o 6HUT-0FF VALVE
- BALANCING VAWE -

i QX%\N ‘ON%K .

o
RETURN AIE
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