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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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DURANGO 

c Four state-owned bui lding complexes have been evaluated w i t h i n  the 

Y tional Guard Building. Th locations of these faci l i t ies  are indicated 

city of Durango: The State Fish Hatchery, Fort Lewis College, new State 
Highway Department Building near the Bodo Industrial Park, and the Na- 

i n  Figure 20, 

area w i t h  geothermal resourc s under the surfac 
ten t o  twelve mil the city along U.S 

Trimble Hot Spring 
y considered t o  be 

The immediate area of the city of Durango i s  not know 

ailable for use 
Service for the Durango faci 1 i t i e  
miles of insulated pipeline. Fur resource characteristics 
alone are not especially favorable t o  the space heating requirements of 
the four facil i t ies.  Resourc assessment data indicate that well depths 
of 200 to  300 feet are likely but  that  the reservoir temperature is 
less that 150"f and that the prospective pro 
total dissolved solids are 3000 t o  4000 mg/l. 

n rate is only 100 gpm; 

f the s ta te  faci l i t ies  i n  Durango are evaluated for geothermal 
he assumption of taking geothermal water from a trunk-line 
a t  the area north of Durango: State Fish Hatchery, Fort Lewis 

Bui 1 di'ng . The National Guard 

allow aquifer imed.iately below 

College and new State Highway Depar 
d on the basis water-to-air heat pump , w i t h  
rom a hypotheti 

Two geothermal options wer 
a central heat exchanger system 
campus bui ld ings  and a central 
water to  200°F prior t o  delive 
installation of 

installation of a 
several bui 1 dings 

fish ponds and ru 

eparately evaluated for Fort Lewis College: 
r delivery of 145"f heating water t o  the 
t pump system for boosting the heating 
o the bui ldings;  both systems require the 
ing  network for the entire campus area. 

Fish Hatchery provides for the 
i s t r lbu t ion  p ip ing  system to  the 
ger coupled t o  the geothermal t r u n k  
d u n i t  heaters for  space heating. 
ng the geothermal water i n t o  the 

Retrofit engineering for the S t  
11 scale centra 
central heat e 
various fan co 

The heating system for the new Stat 
redesigned t o  replace the natural -gas-fi 
heat exchanger, hot  water fan coils and u n i t  heaters. This  bui lding holds 

. 
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the attractive feature of p v id ing  the geothermal heating system as 
original equipment during the future construction of it .  

w 

The geothermal energy economics are evaluated for a l l  four s ta te  
faci l i t ies  and for the various heating operations cited above. Two na- 
tural  gas fuel price escalation rates were treated: a 15 percent per 
year increase through year 2000; and a 12 percent per year ( th rough  
1984)/9 percent per year (thereafter through 2000) ibcrease. A I  1 

perational period 
trical  energy for 
i ng sys terns woul d 

rimble area i s  a 
vate ownership is 

p the resource for 

There are no appar 
of Durango. The closes 
ten miles north of town 
Springs are approximately 
discharge rate of less tha 
Several miles further north i s  the Pinkerton g 
temperatures a t  91°F and flow rates up t o  54 gpm. There are no other 
significant indicators o f  geothermal heat i n  the Durango area. 

geothermal resource 

urango and ha 



Both hot  spr ing a as are associated w i th  probable f a u l t i n g  along 
the western s ide o f  t h  Animas Valley. A t  the Pinkerton loca t ion  the 

utcropping a t  the surface. The Leadvi l le  Lime- 
ermal aqui fer  a t  Glenwood Springs and other  loca- 

own t o  have excel lent  porosi tes and 

L, 

i s  believed the geothermal resources 
Leadvi 1 1 e Limes tone an 

nd 2.1 miles long 
e r  may be r e s t r i c t e d  t o  a small Springs the ho . 

east-west f a u l t  zone w i th  a t o t a l  areal extent o f  only 0.125 square miles. 
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Figure 21: Geothermal ersource areas north of Durango. The areas outlined 
in bold-loops are the projected areal extent o f  the geothermal 

. reserv i r s  (Source: Pearl, 1979). e icd 

92 



Leg 3: South along U.S. 550 f o r  5'37 miles t o  the major 
o f  Durango (6580'). 

for  4.22 miles t o  the 

grade 
-1% 
-1% 
-0- 

Leg 4 4.22 mi .  - -70' -0.3% 

14.96 mi. -330' -0.4% 

d from the Fish Hatchery t o  

Br ie f  summary descr ipt ion 
thermal system design spec i f i c  
opt ion and a central  heat 
are presented below. A m 
i n  Figure 22. 

Present Hot Water B o i l e r  Heating System Descript ion 

with one o r  more natural-gas-f ired water b o i l e r s  w i th  the ho t  water being 
piped t o  terminal heating u n i t s  i n  the rooms o f  the bui ld ing.  A va r ie t y  
o f  terminal space heating equipment i s  u 1 udi ng fan coi 1 s , baseboard 
radiators, f o r c  A l l  heating systems are on 
a s ing le campus sed o f  approximately 44 
bui ld ings with quare f e e t  (Energy Management Con- 

esent heating system, the geo- 
both a central  heat exchanger 
d the equipment cost  estimates 

e campus o f  For t  Lewis Col lege i s  shown 

Each bui  1 ding For t  Lewis College campus i s  i n d i v i d u a l l y  heated 

consumption averaged about 51 x 
d o f  1972-73 t o  1979 8 Btu i n  1974-75. I n  

three o r  f ou r  years, however, a d i l i g e n t  energy conservation propram by Fort  
Lewis College has reduced the energy consumption. For the purposes o f  t h i s  
appraisal, an annual energy consumption o f  54 x 109 Btu o f  natural  gas i s  
assumed and a maximum design heat load o f  25 m i l l i o n  Btu/hr i s  assumed. 



17. Industrial Arts Building 31. Parking Lot 8 45. Centennial Apartments . 7. Cgmp/Snyder Halls 
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9. Cooper Hall 19. Natatorium 33. Parking Lot D 47. Tennis Courts 
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Piping Mains (cont'd) 

u - Size Lineal Feet Uni t  Cost Total Cost 

6 " 840 ' $63 $52,920 
2y' 240 ' 68 16,320 
4'' 240 ' 68 16,320 

Subtotal $334,020 

m Branch Lines 

1 Q'' x 50' 60 45,000 
2 " 50 10,000 
235'' 68 34,000 
3 I' 2 x 50' 68 6,800 
4 I' 3 x 50' 83 12,450 
6 I' 2 x 50' 63 6,300 

Subtotal 114,550 

Total Dis t r ibut ion Piping Costs $448,570 

schedule i s  applicable t o  the central heat pump (This same p i p i  
system discussed la te r . )  

Equipment Components and Cost Estimates: 
Uni t  Total 
cost cos t  Component Quant i ty - 

Heat Exchanger 1 $1 5,000 $1 5,000 
Dis t r i bu t i on  See information above 448,570 

Circu lat ion 10,000 '20,000 
Piping 

Pumps 

TOTAL $2,935,286 

the economic evaluations we completed, it was foun 
current t o t a l  square footage i s  586,959 sq 
valve was obtained from data o f  an e a r l i e r  

u 
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Central Heat Pump Design Specif icat ions 

Proposed System and 

ennal hot water as heat pump 

2. Provide centr i fugal  heat pumps (e.g. York pumps, COP = 6.0) 
t o  boost 150°F source water t o  200oF. 

3. Provide central  pumping system t o  d i s t r i b u t e  hot  water t o  
bui  1 dings . 

4. Provide d i  s t r i b u t i o n  p ip ing t o  bui ld ings (two pipe 
system). 

5. Ex is t ing t eat ing equipment t o  be used without r e t r o f i t .  

i gn  heat load i s  25 x l o 6  Btu/hr. 

The hot  water d i s t r i  b u t i  p ip ing  system shown i n  Figure 24 f o r  the 
central  heat exchanger system i s  a lso applicable t o  the central  heat 
pump system. Figure 25 esents a general i t e d  schematic of the. heat pump 
system. A more det chematic of four  525-ton heat pumps t 
staged i n  series t o  the heating water from 150°F t o  2000 
i n  Figure 26. The p system would be ec ia l  l y  desi gne 
cated f o r  the For t  tew 
dicated t h a t  such a sy 
fo r  about $400 per ton o f  c 
geothermal s ide requires 10 
c i rcu la tes  2500 gpm o f  
on the geothermal 

Equipment Components s t  Estimates: 

l lege  appl icat ion One manufacturer (York) in- 
and achieve a COP = 6.0 

eptualized i n  Figure 26, the 
t 150°F and the bui  
erature drops woul 

Un i t  Total 
cost cost 

4 $208,000 $832,000 

- Specif icat ions Quant i ty  - Component 

1 10,000 10,000 

448,570 

2 10,000 20,000 

- 
Subtotal 

Contingency (10%) $131,057 

k, TOTAL $1,441,627 
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U 
sent natural 

- 
the F i s h  Hatchery is  shown i n  Figure 27. 

1. 

2. Individual heating atural  gas fired 

3. Estimated total  desig tu/yr (see detailed 

Fish Hatchery complex consists of a c lus te r  of small individually 
heated bui ld ings .  

tems and some h 

estimate belo 

and runs (2,500,000 gallons per day). 
r i ng  water is collecte e various fish ponds 

1 dings , space heating 
essary equipment modi f i ca- 

t p u t  Required Hot Water 
Modi f i cations 

Main Office Coil Duct Heater 

Gas-Fi red Forced (Est . ) 90,000 Coil Duct Heater 
Air Furnace 

(Es t . )  50,000 New Fan Coil 

120,000 New Fan Coil 
90,000 Double Baseboard 

Gas-Fi red Forced 128,000 Coil Duct Heater 

256,000 New Coil U n i t  

112,000 Coil Duct Heater 
Heaters 

Shop Bui ld ing  as-Fired Heater 64,000 New Coil U n i t  
Heater 

Total = 1,038,000 

10 



c. 
'0 w 



1. Water can be .discharged i n t o  f i s h  ponds and runs. 

2. I n t e n t  i s  t o  m i  
f i red equi pmen 

3. 15OoF geothermal water i s  avaiTable, 

i t e  i n i t i a l  cost by r e t r o f i t t i n g  ex i s t i ng  gas- 

s with simple systems allows f o r  simple 

ach temperature o f  5OF i s  feasible. 

n be cascaded t o  provide lower grade heat 
f o r  f i s h  ponds. 

o ho t  water and must 

Proposed Sys tem and Modi f i c a t i  ons : 

1. Provide a central  hot  water d i s t r i b u t i o n  system f o r  the complex. 

2. Run geotherma h a plate-type heat exchanger 
t o  heat d i s t r  

perate heating water wi th  a 4OoF dr  o minimize pipe sizes and 

4. R e t r o f i t  gas-f ired 

ed heaters w i th  

from heat exchanger i n t o  f i s h  ponds t o  
increase temperature o f  water f o r  favorable f i sh  production. 

7. Pump geothermal water from trunk l i n e  i n t o  heat exchanger. 

- 8. Design heat load i s  1,038,000 Btu/hr. 



Engi neeri ng Design : 

2- 1 4'' i ns u 1 a ted 140' 48 6,720 

1 7,000 7,000 

C i  rcul at i  on Pum 1 800 800 

Fan C o i l  Units 2 1,000 2,000 

Baseboard Units 120' 25 3,000 

5 800 4,000 

22.5 S .F.  lOO/S. F .  2,250 

L.S 5,000 

Subt 47,670 

ontingency (10%) 4,767 

To ta 1 $52,437 
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Building Retrofit Engineering f o r  New Highway Department Building W 
The new State Highway Department Building i n  Durango i s  i n  the design 

phase b u t  has not yet been constructed. Construction may occur i n  FY 1982. 
As such, i t  provides an opportunity for a redesign 
mal hot water heating system i n  the original const 
the additional costs of a retrofit after construction i s  completed. The 
engineering specifications defined herein, therefore, are for an original 
placement of the necessary geothermal heating equipment. Presented below 
are the preliminary design s p  ications for the currently planned natural 

ced ai  r heating em, the design specifications fo r  a geo- 
ater heat exchanger system, and the equipment components and 

incorporate a geother- 
t ion,  w i t h o u t  incurring 

Natural Gas Fired Forced A i r  Heating System 

sign heat load for the planned nat a1 gas forced a i r  system has 

ects for the state 
total square footage 

rogress drawings" prepared by Yoder 
he State Highway Department; the drawings 
tny and Rassan, arc 

bui ld ing .  The calculated heat load is 2,484,000 B t u / h  
i s  approximately 35,000 square feet. Estimated to t a l  current cost for  the 
natural gas fired forced a i r  system i s  $178,640. 

for space heating. 

water H & V units. 

3. Air distribution system i s  approximately the same. 

4. Plate-in-frame h xchanger is requi red. 

5 ,  Circulation pump 

6. Air separator an 

7. Two-pipe d i s t  

More sophisti rol i s  required. 

9. Ethylene 

10. Obtain 15OoF nk 1 i ne from 
resource area. . 

u 
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Engineering Design: 

p i p i n g ,  and heating a ventilation u n i t  ( equirements for the 
new Highway Departmen Bui ld fng  i n  Durango exchanger operates 
w i t h  Input geothermal F, a temperature drop 
o f  25°F on t h e  geothe approach condition, On the bui ld-  
i n g  side, hot  water i V u n i t s  a t  140°F and 250 gpm, 
w i t h  a temperature d r  
given below. 

Equipment Components and Cos 

Component Specifications Quant i ty  

u 
Figure 30 provides an engineering schematic o f  t h  heat exchanger, 

a t ions on the H & V units are  

U n i t  Total 
cost Cost - - 

$7,500 $ 7,500 

H & V Units 10' 8 3000 CFM 10 3,500 35,000 
140°F EWT+ 120°F 

9 8 3000 CFM 9 4,000 36,000 H & V Units 
140°F E W T 3  120°F LWT 
-10°F EAT-) 72°F LAT 

108,000 Ductwork Same as for natural 

Circulation Pump 250 gpm @ 45 ft, hd. 1,000 1,000 

1 1,200 1,200 

1000 ' 16 16,000 

1 nsul a ti on 1000' 6 6,000 

Temperature 1 5,135 

Subtotal $21 5,835 

Contingency (10%) 21,584 

Control 1 e r  

Total $237,419 





Building Retrofit Engineering for National Guard Building 

The National Guard Building i n  Durango is  evaluated herein for a heat 
pump system, with warm water derived from an assumed shallow aquifer on the 

the bui 1 ding . Therefore, i t  is considered independent of the other 
ate-owned faci Sties i n  Durango and i s  not tied to  the geothermal 
ne from the re e area north of Ourango. A summary of the pre- 
ural gas heati stem, the proposed heat ump specifications and 

the equipment componen d cost estimates are presented below. 

Present Natural Gas Heating System 

Space Hea ti ng Peak Heat Load 
Fuel Equipment ( B t u / h r )  Square Footage - 

565,000 I- Natural gas Forced a i r  fur- 

Natural gas U n i t  Heaters (4) 

Geothermal Heat Pump Design Specifications 

Proposed Sys tem and Modi f i ca t i  ons : 

1. Retrofit t o  uti l ize sha aquifer as source for water-to-air 
heat pumps. 

2. Replace gas furnace i n  office and gas-fired u n i t  heaters in dr i l l  
hall w i t h  water-to-air heat pumps. 

3. Exis t ing  a i r  distribution will remain; however, addi t iona l  sheet 
metal may be required. 

4. Circulating pump is required. 

5 .  Air separato and expansion t a n k  are required 

6. Distribution piping t o  heat pumps is required. 

. 3-way diverting valve is  required. 

More sophisticated temperature ontrol i s  requir 

9. Warm water (80"f t o  100°F) t o  be derived from an assumed shallow 
aquifer. 

Engineering Design: 

a COP = 4.0 and o u t p u t  o f  65,000 Btu/hr each. Warm water a t  80°F to  100°F is 
required a t  80 gpm. The engineering schematic is shown i n  Figure 31. 

" 
Oesign heating can be accomplished w i t h  eight water-to-air heat pumps w i t h  
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Equipment Components and Cost Estimates: 
Uni t  To t a l  

cost cost - Component - 
eat  Pumps $1,250 $10,000 

65,000 Btu/hr 

Temperature 1 1,068 1,068 

Subtotal $22,418 

Contingency (1 0%) 2,242 

Total 24,660 

Controller 

g hot water f rom 
resource area i n t o  
a t  routing speci- 
e main section o f  
en two spurs take 

..I 

112 



ighway Department s i t e  and by mixing w i t  e r  o f  the f i sh  ponds 

Pipe Distance Required Pumping 
S i  r e  ( f e e t )  (GPM 8 ,Ft.Hd,) - 

Leg 1 (from resource 12" 12,144 None 

Leg 2 12" 130 16,210 None 

area) 

Leg 3 12" 0 53 2-(2,300 8 140) 

- 70 22,282 2,300 8 155 ( t o  Fish Hatchery) 12" - - 
Sub t o  t a  1 2,305 -330 78 , 989 

Fish Hatchery t o  heat 3 'I 105 105 8 25 (in- 
exchanger (HX) a t  cludes HX) 
Fish Hatchery 

Ft. Lewis College cludes HX) 
heat exchanger (HX) 

Highway Department 

Fish Hatchery t o  12" 2,000 . 2,640 2,000 8 40 ( i n -  

Fish Hatchery t o  6 'I 200 14,520 200 8 40 

Equipment Components and Cost Estimat 
U n i t  Total 

cost cost  Component - 
Pipelines 

- 

Pipe (Preinsula $1 20 $ 9,795,480 
prefab) 

prefab) 

prefab) 

3" Pipe (Preinsulated & 40 20,000 

6" Pipe { Prei nsul 63 914,760 . 

Pipel ine Subtota $1 0 , 730,240 

- 





Economic Eva1 uations 

u The economic evaluations fo he three state-owned fac i l i t i es ,  which 
are supplied geothermal water f r  
of that t r u n k  line. The proration is based upon the portion of the total 
flowrate required by each facility. The economic evaluation for  the Na- 
tional Guard Building is independent of the t r u n k  line. 

Fort Lewis Colleqe 

* the t r u n k  line, include a prorated cost 

ges are presented the itemized geothermal capital 
nnual operating and maintenance cos 
he conventional fuel system, and the 
economic measu s for the central 

hat are evaluated for Fort Lewis 

The total geothermal capital improvement cost for the heat exchanger 
i p i n g  and additional terminal heating 
pump bsys tern, incl udi 
difference derives 

r u n k  line; the hea 
as the heat pump system only requires 

rst year operating and maintenance costs for the two 
$267,183 and $227,382, respectively, as compared to  an estimated 

natural gas fired water boilers. 

i c  measures (assuming f u  
as follows for the t 

ice escalation o f  
othermal options a t  

Heat Exchanger Heat Pump 
Sys tern 

Simple Payback Peri 55 years 28 years 
Total Annualized Cost: 

Geothermal : $2,404,646 

Total Undiscounted Savings: $1 3,784,921 
otal Present Va $3,410,250 

Conventional : $905,338 

ating options 
ural gas fired water boile 

11G 







Maintenance Cost/ 
( f i  of c .  C.) 
$53,198 (4%) 

- (1%) 

11,944 (2%) 

26,437 (1%) 

18,307 (2%) 

$ 166,062 

Maintenance Cost 

Percent of Associated 2% 
CapItal Costs 

Estimated Capital 
$ 3,500,000 

c o s t  $ 70,000 

1980-81 Estimat 
. Annual Fuel C Estimated Maintenance 

Electricitv Cost 

1980-81 Estimated Total 
Annual Electricity Cost  

c 

L, 
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ECONOX IC EVALUAT 16% 

Location: Faci 1 i ty  : Ft. tewi s Col 1 ege 

.. Geothermal Opt ion: He Exchanger Coupled t o  Trunk Line 
I 

A. 

Current Annual 
Conventional System Cost Geothermal System Cost 

$ 16,988,620 

Total Conventional System Cost  

Conventional System Geothermal System 
Cost Item Annual i zed Cost Annualized Cost 

Capital Investment $ - $ 1,964,100 

- 
198,315 

242,231 

. (15%/yr. escalation) 803,230 

. 8 2,404,646 Total Annualized Cost $ 905,338 



toca t i on : Durango F a c i l i t y :  Ft. Lewis College 

- .  
Geothermal System End o f  Present Va'Ilw - 

Year Annual, Savinqs ('i = -- 10' 

1984 363,002 
1985 41 7,453 
1986 480,071 
1987 522,081 
1988 634,894 

w 1989 730,128 s 1990 839,647 
1991 925,594 
1992 1,110,433 
1993 1,276,998 
1994 1,468,547 
1995 1,688,829 
1996 1.,942,154 
1997 2,233,477 
1998 2,568,499 
1999 2,953,773 
2000 3,396,839 . 

Totals 

Capi ta l  Investment $16,721,437 

Present Value (discounted a t  10%) Undi scounted 

Total  20-Year Savings $1 3,784,921 

Payback Period . >20 years 





C. Central Distribution System u 
s Heat Exchanger, or  842,000 

Heat Pump (COP=6) 
Auxillary Building 7,500 
Valves and Controls 2,500 
Piping 448,570 

M i  scel laneous 
Con ti ngency ( 10%) 

Circulation Pumps ( ) 20,000 
2500 gpm, 214ft-hd, 238HP 

132,057 
Subtotal 1,452,627 

ng Design Fee (10%) 145,263 
Total $1,597,890 

D. Buildinq(s) 'Retrofit W A C  System 

Heating Units 
Retrofit Plumbing Included Above 
Valves and Contro 

Contingency ( 10%) 

Engi neeri ng Des i gn Fee ( 10%) 
Subto ta l  

Total $ -0- 

E. ReinjectionjDisposal System 
375,000 Reinjection Wellfs): wells (3 $ 

Piping  ( ft.) 1,500 
Pumps ( 1 - 
Controls and Valve 5,000 
Contingency (10%) 38.150 

41 9,650 Subtotal 
41,965 

Total d 461,615 

F. Grand Total $8,365,417 

Engineering Design Fee ( 10%) 

- 

I, 

123 



ANNUAL OPERATING AND MAINTEXACCE COSTS 

(1980 Dollars) LiJ 
s 

Location: Durango Facil i ty:  Ft. Lewis College 

Geothermal Opt ion :  Heat Pump Coupled t o  Trunk Line 

* 

Geothermal System 

Maintenance Cost/  
Cost Item Electr ic i ty  Cost ( ?  of c. C.) 

A. Prodilction Well System 
Pump e l ec t r i c i ty  $ 6,415 $ 26,640 (4%) 

B. Transmission Line System 30,519 28,200 (%%I 
C. Central Dis t r ibu t ion  System 

Heat Pump ele 75,896 15,979 (1%) 
Circ. Pump el 34,501 

D. Building(s) Retrofit HVAC System - - 
isposal System - 9,232 (2%) 

$1 47,331 $ 80,051 

Conventional Fuel System 

o f  System: Natural gas f i red  water boilers and steam 

Fuel Cost Maintenance Cost 

2% Total Annual Fuel Loa 
1930-81 Estimated Fue 

Price 
1980-81 Estimated Total Costs 

Annual Fuel Cost 

Percent of As soci a ted 
Capi ta l  Costs 

Estimated Capital 

Estimated Maintenance s 70,000 cost 

- El ec t r i  c i  t v  Caz t 
1980-81 Estimated Tota l  

Annual E lec t r ic i ty  C o s t  $ -0- 
," 

u 



ECONOMIC EVALUATIONS 

Location: Durango Facility: F t .  Lewis College 

Geothermal Option: Heat Pump Coupled to  Trunk Line u 

A. Simple Payback Calculation 

Current Annual 
Conventional System Cost 
Natural Gas $ 238,680 Capi ta l  Cost (1980 Dollars) $ 8,365,417 - First Year Operating Cost 147,331 

70.000 First Year Maintenance Cost 80.051 
Total $ 308,680 Total $ 8,592,799 

Geothermal System Cost 

I 
I 

Simple Payback Period: Total Geothermal System Cost = 28 years 
i 

i 
I 

Total Conventiaonal System Cost 
I 

6. Annual Cost Comparison 

(Assume 20-Year Life and 10% per Annum Cost of Capital) 

Conventi ona 1 Sys tem 
Annual i zed Cost 

Geothermal System 
Annualized Cost Cost Item 

Capital Investment $ $ 982,602 

El ec tri c i t y  -0- 288,941 
(9%/yr. escalation) 

Maintenance 
( IO%/yr. escal a t i  aq) 

Conventional Fuel 
(15%/yr. escalation) . - 

102,108 116,769 

$ 905,338 $ 1,338,'312 
I Total Annual i ted Cost 

U 
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ECONOMIC, EVALUATlONS (cont 'd) 
I 

- 

Loca t i on : Durango F a c i l i t y :  Ft. Lewis College 

Geothermal Opt led t o  Trunk Line 

--. 
Present Value Geothermal System End o f  

Year Annual Savings ' (i = - -  
0 
1 $81,298 $73,908 
2 102,835 84,983 

4 158,826 108,478 
3 128,488 96 ,533 

5 194,767 120,931 
6 237 ,197 133,898 
7 287,186 147,384 

1986 480,071 

8 ' 345,980 161,400 
1987 552,081 
1988 634,894 

9 415,017 176,009 
10 495 ,960 191,193 
11 590,738 207,054 
12 701,579 223,523 
13 831,061 240 3 758 

g 989 730 9 128 
q 9 9 0  839 9 647 

1991 956 9 594 
1992 1,110,433 
1993 1,276,998 21 9,690 41 4,393 251,234 
1994 1,468,547 241,659 451,688 276 358 

16 1,363,517 296,701 1995 1,688,829 265,825 492,340 303,994 
17 1,602,344 316,944 
18 1,880,102 338,230 1997 2,233 ,477 321,648 584,949 367 ,832 
19 2,202,912 360,176 1998 2,568,499 353,813' 637,595 404 a61 5 

383,067 20 2,577,842 
1999 2,953,773 389 1 94 694,978 445,077 
2000 3 ,396,839 

$ 4,220,014 Totals $16,338,129 

14 982,160 258,603 
15 1,158,320 277,302 

1996 1 ,942 9 154 292,407 536,651 334,393 

___I_---.-.- - 428,114 757 ,526 489,585 - 
-- - 

Capi ta l  Investment $8,365,417 

Undi scountee Present Value (discounted a t  10%) 

Total  20-Year Saviriys $1 6,338 129 $4,220,014 
Payback Period 16 years 920 years 



State Fish Hatchery 

improvement costs , the annual operating and maintenance costs f o r  both 
the geothermal systems and the conventional fuel system, and the resu l t s  
o f  the calculat ions o f  the fou r  economic measures f o r  the geothermal heat 
exchanger and hot  water d i s t r t b u t i o n  system t h a t  i s  evaluated f o r  the State 
Fish Hatchery. 

The t o t a l  geothermal cap i ta l  improvement cost i s  $721,138, which i n -  
cludes $492,191 for  the prorated cost of the trunk l i n e  from the  resource 

u 
.r On the fol lowing pages are presented the itemized geothermal cap i ta l  

f Druango. The t o t a l  f i r s t  year operating and maintenance cost 
hermal system i s  $7,590 compared t o  an estimated $12,333 f o r  

The calculated economic measures. (assuming fuel p r i ce  escalat ion of 
15 % per annum) are summarized as fol lows: 

Heat Exchanger/ 
Piping System 

Simple Payback Period: 59 years 
Total Annualized Cost: 

Conventional : $40 , 1 70 
Total Undi scounted Savings: $798,258 

Total  Present Value Savings: $209,530 

The geotherma heating opt ion f o r  the State Fish Hatchery i s  no t  econo- 
m i  c a l l  y compe t i ti v w i th  the ex i s t i ng  natural  gas furnaces and heaters. 

Geothermal : $97,090 







ANNUAL OPERATING AND MAINTENANCE COSTS 
U ( 1980 Dol 1 ars ) . 

Loca t i on : Ourango Facil i ty:  F ish  Hatchery 

Geothermal Opt ion:  Heat Exchanger Coupled to  Trunk Line 
I 

Geothermal Sys tern 

Maintenance Cost/ 
(% of c. C . )  Cost Item El ectri ci t y  Cost 

A. Production Well System $2,812 (4%) 

B. Transmission Line System (Trun 2T Line) - 2,961 (%%) 

- 760 (2%) 
167 

D. Building(s) Retrofit HVAC System m i  n i  mal 197 (1%) 

Pump e l ec t r i c i ty  14,786 x 105 $ 674 

Distribution System 
ump e l ec t r i c i ty  

Circ. Pump e t ec t r i c i ty  1.15 HP 

E. Rein jection/Di sposal Sys tern - 19 

Total 6 841 $ 6,749 

Conventional Fuel System 

Type of System: 

Percent o f  Associated 2% 
Capital  Costs 

$35,000 

cost  $ 700 

Price 

Annual Fuel Cost $ 11,633 
1980-81 Estimated Total 

P Electrici t v  Cost  
1980-81 Estimated Total 

Annual Electr ic i ty  Cost $ minimal - 
u 



ECONOi<IC EVALUAT IC3S 

Location: Durango i 1 i ty : Fish Hatchery 
c Coupled to Trunk Line 

P 

Current Annual 
Conventional System Cost Geothermal System Cost 

(Assume 20-Year Life and 10% per Annum Cost of Capital) 

Geothermal System 
Anniral i zed Cost Cost Item 

Capital Investment 8 - $ 85,596 

0 1,649 . 

1,021 9,845 

39,149 - 

* 
To ta l  Annualized Cost $ 40,170 $ 97,090 

* 



toca t i on z Durango 

- Year Fuel ( 15% ) Annual Savings (i = 10%) 

Totals 

C a p i t a l  Investment $728,728 

- Present Value (discounted a t  10%) 7-. Undiscounted 

$798,258 $209,530 Tota l  PO-Year Savings 

Payback Period 20 years >20 years 

- - - - I_ ....-- _ _ _ ~  



State Highway Department Building (new) 

improvement costs , the annual operating and maintenance costs for both 
the geothermal system and the conventional fuel system, and the results 
of the calculations of the four economic measures for the geothermal 
heating option that 5s evaluated for the new Highway Department Building 
t o  be located near the Bodo Industrial Park i n  Durango. 

cludes $1,123,520 for the prorated cost of the geothermal t r u n k  line. 
The estimated current capital cost for the proposed natural gas fired forced 
a i r  system is only $178,640, The total first year operating and maintenance 
costs are $20,682 for the geothermal system and $31,373 for the natural gas 
sys tern. 

15% per annum) are summarized as follows: 

On the following pages are presented the itemized geothermal capital I 

The total geothermal capital equipment cost is $1,543,087, which i n -  

The calculated economic measures (assuming fuel price escalation of 
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CAPITAL COSTS 
'61 

Location: Ourango Facility: Highway Department Building (new) 

Geothermal Option:  Heat Exchanger Coupled to Trunk Line 





ANNUAL OPERATING AND MINTENANCE COSTS 

I ( 1980 Dol 1 ars ) 

Location: Durango Facility: Highway Department Building (new) 

Geothermal Opt ion:  Heat Exchanger Coupled to  Trunk tine 

Geothermal System 

Maintenance Cost/ 
Cost Item Electr ic i ty  Cost ($  of c. C.) 

A. Production Well System $5,320 (4%) 

6,104 5,659 (1%) B. 

Heat Pump e l ec t r i c i ty  360 (2%) 
Circ. Pump e l ec t r i c i ty  4.26 HP 61 8 

D. BuiTding(s) Retrofit HVAC System - 1,125 (1%) 
213 (1%) 

Total 8,005 $ 12,677 

Pump e l ec t r i c i ty  $ 1,283 
Transmission Line System & Trunk line 
Central Dis t r ibu t ion  System 

E. Rein jection/Di sposal System - 

Conventional Fuel System (Proposed) 

Type o f  System: Natural Gas Fired Forced Air 
I 

Fuel Cost Maintenance Cost 

- Total Annual Fuel toad 6,288 x io6 2% 

$1 79,000 
1980-81 Estimated Fuel 

. Annual Fuel Cost $ 27,793 
stfmated Total Costs 

Estimated Maintenance 
$ 3,580 cost  

f 

1980-81 Estimated Total 
Annual Electr ic i ty  Cost  $ 0 

” 
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Location: Durango Facility: Highway Department Building (new) 
31 n:  Heat Exchanger Coupled t o  Trunk Line 

ck Czlculation 

- 
w * incremental cost with respect to a natural gas system 

** original cost = $178,640 
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Present Value 

1995 196,655 
1996 226,153 
1997 260,076 
1998 299,088 
1999 343,951 
2000 395,544 

Totals $1,917,916 $ 497,658 
--- .11_1---.- . 

-- - 

Capital Inves n t  81,364,447 

Present, VAue (discounted a t  10%) Undiscounted 

Total 20-Year Savings $1,917,916 
Payback Period 13 years 

---__ l;-..ll-- ~ ' 
. , ,  -* 



National Guard B u i l d i n g  

On the fo l lowing pages are presented the itemized geothermal cap i ta l  
improvement costs, the annual operating and maintenance costs f o r  both 
the geothermal system and the conventional fue l  system, and the resu l t s  of 
the calculat ions o f  the four  economic measures f o r  the geothermal heating 
opt ion t h a t  i s  evaluated f o r  the National Guard Bui ld ing i n  Durango. 

The t o t a l  geothermal cap i ta l  improvement costs i s  $40,565, inc lud ing 
the on-si te shallow well. The t o t a l  f i r s t  year operating and maintenance 
cost 3s estimated a t  $4,771 compared t o  $4,553 f o r  the  natural  gas heating 
system. 

The calculated economic me 
15% per  annum) are s u m r i z e d  a 

Jb, 

(assuming fue l  p r i ce  escalat ion o f  
ows : 

Heat Pump System 

Simple Payback Period: 10 years 
Total  Annual i zed Cost: 

Geothermal : $1 3,599 
Conventional : $14,327 

Total Undiscounted Savings: $1 92,606 
Total  Present Value Savings: $43,955 

The economics f o r  the heat pump system, based upon the existence o f  a 
shallow warm wate aquifer, are de f i n i t e l y  f a  able; The actual applica- 
t i o n  o f  a heat pu d Building, i s  e n t i r e l y  
dependent upon obtaining warm water (80°F to"100 F) from a shallow wel l .  

t o  the Durango National G 

* 

- 



CAPITAL COSTS 
L d  

Location: Rurango F a c i l i t y :  National Guard 

Geothermal Option: Heat Pump with Shallow Well 

- 140 



C. Central Distribution System bi 
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ANNUAL OPERATING AND MAINTENANCE COSTS 
( I980 Do7 1 ars 1 w 

1 

Loca ti on : Durango Fac i l  i ty : National Guard 

3 Geothermal Option: Heat Pump wi th  Shallow Well 

Maintenance Cost/ 
Cost Item E l e c t r i c i t y  Cost (% o f  c. C.) 

A. Production We71 System $486 (4%) 

13 (1%) 
Pump e l e c t r i c i t y  5 HP $ 725 

Transmission Line System - 
- - D i s t r i b u t i o n  System 

Pump e l  e c t r i  c i  ty  
Pump e l e c t r i c i t y  

D. Bui ld ing(s) R e t r o f i t  HVAC System 3,006* 522 (2%) 

Total  $ 3,731 $ 1,040 

19 (2%) E. Rein j e c t i  on/Di sposal System - 

* for Heat Pumps 

Conventional Fuel Sys tem 

Type o f  System: Natural Gas Fired U n i t  Heaters 

Maintenance Cost 
Percent o f  Associated 2% 

Capital Costs 
P r i ce  Estimated Capital $ 26,100 

$ 522 Annual Fuel Cost 
1980-81 Estimated Total costs 

Estimated Maintenance 
cost 

E l e c t r i c i t v  Cost 
+ 1980-81 Estimated Total 

Annual E l e c t r i c i t y  Cost $ 0 





--__I-- ~ - 
$ 19?,606 $ 43,955 

. -  _- 

Capital  Investment $40,565 

Undi scounted Present ,Value (discounted a t  1024) 

Total 20-Year Savings. $1 92,606 $43,955 

Payback Period 13 years 



Institutional Requirements bs 
i. For geothermally heat ing the new State Highway Department,the Fish  

Hatchery and Fort Lewis College, two separate resource areas are con- 
sidered t o  be necessary t o  supply the required energy: the Tr ipp  and 
Trimble Hot Springs area and the Pinkerton Hot Springs area, Since the 
resource a t  Tr ipp  and Trimble is controlled by private owners, leases 
from them would be requirel-(Coe & Zimmerman, i n  prep.) Alternatively.  the 
owners could develop and sell the energy t o  the State. If the resource area 
a t  Pinkerton Hot Springs were also tapped, as suggested, then either 

u 

eases would be required depending upon the specific d r i l l  
Since the west half of the section is U.S. National 
lications would be subject t o  the approval o f  the U S .  
generally a very time consuming process. The east half 

of the section is privately owned. 

Right-of-way would be required from the State Division of Highways 
to allow the construction o f  pipeline along U.S. Highway 550, intersec- 

l e  Springs,  then continuing 

e were tapped, the pipeline could 
e of the Valley, then along U.S. 

and through the City to the Bodo Industrial 
he pipel ine would diverge and run  along the 
Right-of-way would be needed, therefore, 
ay Department, and the Denver and Rio 

eline w i t h i n  the County, Planning Comis- 
iew is required (Dallas Reynolds, pers. 
City Pub l i c  Works Department review is 
t from the Public klorks Department is re- 

he National Guard Building, a plumbing 

from the Coun 
Grande Rai 1 ro 

For cons tructio 

ation of the City prior t o  d r i l l i n g  

after heat removal would i n  each case require a per- 
i ty .  For the National Guard Build- 
sed, surface disposal is considered 
uire that water rights be obtained. 
ction wells are suggested. Rein- 

rmits from the State Division o f  Water Quality (Coe 
the Fi  s h Hatchery, d i  scharge-mi xi  ng o f  the geothermal 



\ 

Environmental Considerations b 
* As w i th  the other Colorado s i tes,  too l i t t l e  information i s  avai lab le 

fo r  d e f i n i t e  statements about the environmental impacts o f  geothermal 
development. Because a la rger  number of bui ld ings are being considered 

transported fu r the r  t an a t  the other s i tes,  the opportuni t ies f o r  en- 
vironmental p o l l u t i o n  are somewhat greater. For example, there would be 
a greater po ten t ia l  for  leakage o f  f l u i d  f rom pipel ines, wi th  possible 
contamination of ground water o r  surface water. Dissolved minerals con- 
ten t  ranges from 3,340 
the Pinkerton Hot Sprin 
t h a t  ex i s t i ng  spr ing d i  
imp1 i e s  t h a t  carefu l  ha 
covered f l  u i d  exhibi ted 
I n  any case, the f l u i d  must by law be managed i n  a way tha t  w i l l  l i m i t  
pol t u t i o n  (Co 

for  geothermal use i n  the Durango area and because the resource would be 

a t  the Trimble Hot Springs t o  3,990 mg/l a t  

i c s  s im i la r  t o  those o f  the springs. 

1 

k 

9 
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