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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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- i BURLINGTON

* The State H1ghway DepartmentlBude1ng in Burlington has been evaluated in
this geothermal energy appraisal. While there is no known geothermal resource
at Burlington, a shallow water aquifer - Ogallala Aquifer - does exist beneath -
Burlington at depths of 200 to 300 feet. One particular water.well is reported
to be producing water at 59OF to 63°F at 800 to 1000 gpm. Therefore, the
Ogallala is being considered as a source of warm water for the use of water-to-
air heat pumps - for space heat1ng of the Highway Department Building.

The geothermal energy economics are evaluated for two optlons' (1) a new

 water well drilled on the site of the Highway Department Building and (2) the

- purchase of warm water from an existing City of Burlington water well. The -
‘latter option is evaluated on]y for the 12 percent/9 percent (through 1984/ -

- through 2000) natural gas price escalation case, whereas the former option. 1s S 4

: \evaluated for both the ]5 percent and’ the 12 percent/9 percent schedules

The results of the economic evaluat1ons generally 1nd1cate that heat’ pumps |

“*3fwou1d not be economically competitive, particularly if the State purchased Clty;pfz”f

" water at the current water rates. Fuel price escalation rates greater than.

’:; 15 percent per year can’ sh1ft the heat pump/sha]low well option to a: marg1na1 »5hr'
position. ';,,/. . : : : .

- The pr1nc1pai 1nstitutiona1/env1ronmenta] issue to be addressed for the
Burlington. facility is an existing ordinance which only allows the City to:
drill water wells within the City. The City would either have to grant an
exception for a State wel] or the City would own. the well -and- se]l the water
to the State.

Resource Assessment for Burlington

There are abso]utely .no 1nd1cators of‘anomaloUS geothermal heat in the :
“subsurface beneath Burlington, Colorado. There are no hot springs, alteration
- -Zones, sinter depos1ts mappab]e fracture zones or volcanics within 78 miles
'of the “town.

. A water we]l in the Bur11ngton area’ is reported to -be 327 feet deep, with
~ water being pumped from the 200-foot level in the Ogallala Aquifer. - 8 we1l
is producing at 800 to 1000 gpm with surface temperature of . 590F -to 63 .

If temperature gradient data from the nearest control point, an o0il well

15 miles away, are applied to a 639F well at 200 feet, then depths in- excess of .

;,5 600 feet would be requIrednuJencounter 150°F temperatures in the Bur11ngton
- area. - : . ,

N ‘Because there are no. indicators of - geotherma1 heat at Bur11ngton,this site.
' 1s used ‘to study the heat: pump potent1a1 only. ‘ S

On-site dril]xng of a warm water well to 200 feet deep and a well dr1111ng
‘cost of. $5 000 are assumed for the Highway Department Building.:
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- Building Retrofit Engineering for State Highway'Departmenthui]digg’
The following engiheering design specifications are prescribed for the
- Highway Department Building in Burlington. The proposed heat pump engineering
schematic is provided in Figure 19. ' : '

~ Present Conventional Fuel Heating System

Che ' Square. ‘ . Heating Peak Heat Load
Building ~  Footage Fuel Equipment (Btu/hr)
- Office ' . 8a0 Natural gas  Forced air 100,000
» » : v Sl S : - furnace .-
Garage _ -~ 4,000 .~ Natural-gas-  Overhead furnace 104,000
204,000

‘Geothermal System Design Specifications

v Proposed System and Mod1f1cations

1. Retrofit to ut111ze sha]]ow aqu1fer as source for water-to-air
heat pumps.

2. Replace gas furnace in office and gas unit heaters in garage with
water-to—a1r heat pumps. .

3. Ex1sting air distr1but1on w111 remain; however, add1t1ona1 ‘sheet
metal is required.

4, C1rcu1at1ng pump is required
5. Air separator-and expansion tank are required
- 6d D1str1but1on p1p1ng to heat pumps is required.
7. ,3-way d1verting valve 1s requ1red
r8;.vMore sophisticated temperature contro1 is requ1red
Eng1neer1ng Des1gn | ; e |
Des1gn geat1ng can be accomp11shed w1th water-to-air heat pumps utilizing .

a 60%F to 80°F direct warm water source at 30 gpm and AT = 15°F.  Four 52,000
Btu/hr heat pumps (COP 4 0) are- used : ' -

78 -




6L

Y

| WAERTOARHATAME

Figure 19

BURLINGTON HIGHWAY DEPT.




[ A9

Equipment Components and Cost Estimates:

~ Economic Evaluations -

Component: . - - 1=7'Specifi¢ations . Quantity 'Unit Cost Total Cost
Heat Pump - 52,000 Btu/hr o $1,250  $ 5,000
© Sheet Metal | | 1,000
Circulation Pump 1,000
Mir Separator and 1,200
o ExpanSion_Tankff : | '
Distribution Pipfng’ frf“' SR | 200'} R 1 16 3,200
v  V'Insu1ationw"a - ‘",. '  ‘ S | - 200' 6. 1,200
 Temperature Controller | SR 630
éubtotaI $13,230" |
Contingency (10%) - 1,323
Total - $14,553

‘ On the~f0116wing pages are presented‘the'itemizéd;geothermal’capital
improvement costs, the annual operating and maintenance costs for both the

‘”.~geotherma1;system'and‘the”conventiona1;fueTfsystem,vand:thesreSUIts of the
calculations of the four economic measures for the heat pump/shallow well

option for the State Highway Department at Burlington; not included7are the

details for the heat pump option using purchased city water.

: Thé,heatipump'capfia19imbrovementic05t;is'éstimated as $23,597 for the -

heat pump/shallow we]l‘case~and'as.$32;948'fOrrthefhéatgpump/purchaSed'Water','"
~case. ~ The cost difference is attributable to the costs of installing a '

moderate length (estimated at 500 feet) supply and return pipeline to a new

- city water well and/or main lines, The first year operating and maintenance '
.. costs are approximately equal at $1,600 for both the heat pump/shallow well

system and the existing natural gas heating system. The purchase of city -

per annum) are summarized as follows:

water at current rates increases the first year operating and maintenance
costs -to $5,900 for that heat pump option. L -

f‘,Thé‘Calculated économ1c'measdreSf(assumihg,fuelgpriCe escélation of 15%




S Heéf 5ump/Sha11ow Well System‘

"~ Simple Payback Period: B 16 years
- Total Annualized Cost: : : o ’ -
Geothermal: = o : $ 5,757
, -~ Conventional: S ' ' 5 $ 4,779
Total Undiscounted Savings: - a : $62,852
Total Present Value Savings: o - $14,425

The heat pump/shallow well opt1on is: not econom1ca11y compet1t1ve w1th

‘the natural gas heating system for the given set of assumptions; it might be- ' '

. come marginally competitive if natura1 gas pr1ces increased more than 15 per-
cent per year. - :
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CAPITAL COSTS

~ Location: Burlington = Facility: Highway Department Building
- Geothermal Option: Heat Pump with Shallow Well |

AL Production Well System : I Costs
Exploration - ' | 0§ N.R.
_Reservoir Engineering . ‘ : N.R.
Wells -1 .@ § 5,000 : ' 5,000
Well Pumps (1)  30gpm, 240 ft-hd, 3.2 HP 1,000
Valves and Controls ’ | s 500
Contingency Funds (10%) o S Igc;gged
* Subtotal - | o ’
Engineering Design Fee (10%) ‘ Included
Total $ 6,500

B. Transmission Line System

Piping ( 50 | ft.) Ny | | 1,100
Pumps ( ) gpm, ft-hd, * HP N.R.
Contingency (10%) S | o . ;}g
-Subtotal o o A ’]2]

‘Engineering Design Fee (10%)
o v : $ 1,331

= Total
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C. Central Distribution System

Heat Exchanger, or. : ,
Heat Pump - ' : ST, R - v
Auxillary Bu11d1ng o ' S : N.A..
valves and Controls
Piping- , .
Circulation Pumps ( ) l
gpm, . ft-hd, ~ HP
o Mlscellaneous - L
- Contingency (10%)

~ Subtotal -

Englneering Design Fee (10%)
Tota1 '

D. Budeing(s)'Retrofit”HVAC*System |

Heating Units o : ‘ s
& Heaf Pumps @ $1, 250 , : S - 5,000

Retrofit Plumbing 6,600

Valves and Controls 630

: Contingehtyl(lo%) ' - 1,223

Subtotal B | - 13,453

: : 1,345

Eng1neer1ng Design Fee- (10%)
Total = : § 14,798
. E Reinj;ption/Dfsposal System - Surface

1‘,Re1n3ect1on Well(s): wells € §. S ' - N.R.

_Piping (. 100" ft. ) IR 800

CPumps () e S L R

Controls and Valves o S _ ‘ . éof
Contingency (10%) ' . . , _

~ Subtotal 880

'.Engineering Design Fee (10%) 88

Tbta1 ¢ 968

$23,597

F. GrandﬂTdtaIt\ :',_7
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_ ANNUAL OPERATING AND MAINTENANCE COSTS
{1980 Dollars) |

Location: Burlington " Facility: Highway Department Building

Geothermal Optibhgﬂeét'Pump“With Shallow Well

- Geothermal Systém_»

Malntenance Cost/

‘ Ccst Iten VV"Y : : 'é_ C ETectricity Cost' i (¥ of C. C.)
‘ 'A;~1Product1on WE11 System : e AL B ]30 (2%)
‘ Pump electricity 3-2HP . ¢ 462
o B. T?ansmission‘LiheﬂSystém' el - 13 (1%)
. C. Central Distribution System o ' R
. Heat Pump electricity : ' - : -
- Circ. Pump electricity - R
D. Building(s) Retrofit HVAC System 726 : 296 (2%)
E. Reinjection/Disposal System - 10 (1%)

Total S ' 3 $1,188 $ 449

Conventional Fuel System:

Type of SystemirfNatural Gas' Fired Furnace and Unit Heaters

Fue1 Cost L | RN Maintenance Cost-

‘ ,Tbta? ‘Annual Fuel Load - 430 X 10 Btu/yrvj;~-; - Percent. of Associated 2%
- 1980-81 Est1mated Fuel $3 00/106 Btuf:, . Capital Costs TS o
- Price S o0 ~Estimated Capital - g $15’000 :
1980-81 Estimated Total - S . Costs : T
Annual Fuel Cost "S “'2907 g - Estimated Maintenance - '
. o FRRE . - Cost , $ 300

Electricity Cost

1980-81 Estimated Total
Annual Electricity Cost § -0-
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ECONOMIC EVALUATIONS
Looation: : Burlington- o B Faci]ity:_kHighway,Department Buildiygf
* Geothermal Option:' Heat Pump with Shallow Well |

A. S1mp1e Payback Calculat1on

S Current Annual R
: Conventiona] System Cost v ‘ “Geothermal System Cost

Natural Gas $ 1,290 ~ Capital Cost (1980 Dollars)  $ 23,597
- Electricity < ’ - First Year Operating Cost =~ 1,188
Maintenance ~ - 300 - “First Year Maintenance Cost- 449
- Total =~ - $ 1,590 Total | ) $ 25,234

_ Sinple Payback Period: Total Geothermal System Cost . 1g years
S R ‘Total Conventional System Cost |

’7 B."AnnUal'Cost-Comparisons :

,(Assume'ZO-Yéar"Life and?IO% per-Annum~Cost of Capital)i

o . Conventional System = Geothermal System
Cost Item L Annualized Cost = Annualized Cost
vs'Capita] Ihvestmeht, R '.‘~ : i $ PIREE SE o $ 2;772
~‘E]ectr1c1ty L i s R '
',(9%/yr; escaIat1on) ‘ S - 2,330
 Maintenance N >v L Fi |
“f(lO%/yr escalation) S 438 o " 655
;f,AConventlonaT Fuel Ry S a0 ) : |
'(15%/yr. escalation) [ R N 7% ) [ R -
Total Annualized Cost  $  &779 /. § 51T
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1987 2,984 g 531 1,092 795

98

~ ECONOMIC EVALUATIONS (cont'd)

Location: Burlington - Facility: Highway Department Building
Geotherma] Opt1on Heat Pump with Sha]]ow well _ ‘ : o ,

c;_ Total Savings and Payback Perlod e ‘ : | e e
B Conventional System S Geotherma] System End of . -Present Valua

 Year  Fuel ( lsz ) Elect (9%) Maint (10%) , Elect (9%) Malnt (10%) Year Annual‘Savings‘:1 (i=10")
. 1980 & , | .

1981  $1,290 Vsl $3004, o $] ]88, , $44g»,
1982 1,484‘ e 3300 15295 . - 494
1983 1,706 . e g-v363 g ‘ ']v4]] 543
1988 1.9%2 - 399 g 598
1985 2,256 o a9 617 687
1986 2,595 o483 1,828 723

($ 47) L ($ 43)
C2s 2
ms 86
225 S 154
3% 224
527 . o297
g : , : | 795 728 34
1988 3,431 o 585 2,012 815 %9 452
1989 3,946 o 643 21367 962 1,260 T B3
1990 58 - 707 2,580 108 10 g5y 619
1991 5219 e amz e M oy e
1992 - 6,002 RS - - 856 73,066 . 11280 212 2,512 800
1993 6,902 o %2 3.3 1,908 13- 3,005 - 897

cbxnsqoiunac»hohAc>

1994 7,937 B 1 036 3,642 1,549 14 3,782 996

195 %18 . oy slej0 - o1l 15 4,593 - . 1,100
oo  qaort o L8 4717 2062 Y 6,670 1,319
1998 13,882 ' o - 1,516 : 5,14 2,268 18 7,989 1,437

1999 15,94 - 1,667 - 5,604 2,495 B 9532 7,558

2000 18,359 oo hess o 6008 2745 200 g3l '1,685
Totéls S .. S ! B R L “’ » $62,852  $14,425

Capital Investment  $23,597
Undiscounted Present Va]ue (d1scounted at 10%7)

Total 20~Year Saving$¥: . S $62,852 T $]4 425 |
Payback Period ey 16-17 years R >20 years




Insfftdtiona] Requirements i

\ In Burlington, since a ground water heat pump. system is proposed two
approaches are technically possible: an on-site shallow (200 feet) well or
~purchase of City water. The City charge. for water is $9.50/month for the .

- first 5,000 gallons and $0 60 per thousand gallons thereafter. Wells other
than wel]s drilled by the City are prohibited within the City. Presumably,.
- there are provisions. for exceptions such that a waiver for dr1111ng a well

“for nonconsumptive use could be obtained. If this is the case, the water
can be returned to the City, after removing the heat. If City water is to
be purchased, anapplication is submitted to the City Clerk. No other

City perm1ts are- ind1cated (Phy111s Collins ‘and Les McC]ain, pers. comm.,

. ]980)

Environmenta] Cons1derat1ons

At Burlington, the: water that would be ‘used in the heat pump system is

“1’h1the same water as ‘that used in the City's domestic water system. As such,

" 'no-environmental prob}ems wou]d be: posed beyond ‘those common to any-. domest1c
water. system B v
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