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CONGREGATIONAL CHURCH 

The Congregational Church (United Church of Christ) is  located a t  

2154 Garden Street i n  Klamath Falls. The property presently contains two 

bu i ld ings .  The largest structure i s  composed of the main worship area, 

pastor's office, and a large meeting room w i t h  kitchen and restroom fa- 

c i l i t i e s .  In addition, a second detached bu i ld ing  is used for Sunday school 

ac t iv i t ies  and, more recently, the Head Star t  program. The smaller building 

(approximately 1,225 f t 2 )  I s  of uninsulated frame construction and is served 

by electr ic  resistance wall heaters w i t h  an inactive furnace i n  the basement 

area. The main church bu i ld ing  (approximately 1,700 f t2 )  is  also of unin- 3 

sulated construction w i t h  a t a l l  cathedral-type ceiling. T h i s  bu i ld ing  i s  
- 

served by a downflow gas furnace supplying a crawlspace duct system. The 

remainder of the larger bui ld ing  (an addition of approximately 1,730 f t 2 ,  

b u i l t  i n  the early 1950s) is of frame, f l a t  roof construction wi th ,min ima l  

insulation. , T h i s  area i s  heated by a combination of gas-fired wall heaters 

and e lec t r ic  resist 

larger bui ld ing  and will be composed o f  approximately 850 f t 2  of classroom 

and office area. As part of this improvement program, the church is i n -  

terested i n  exploring the potential for  geothermal a t  the property. The 

fol 1 owi ng report explores the engineering and economic feasi bi  15 ty 0.f such a 

sys tern. 

heat. A second addition is being planned to  the 

f 
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Summary of Conclusion 

Based on the assumptions made i n  this study, a geothermal system for the 

Congregational Church i s  not economically feasible a t  this time. A r e t ro f i t  

of the church for geothermal would result i n  a capital cost of $37,600 (see 

Table 2) including the geothermal well. When this figure is considered i n  

conjunction w i t h  the $1,892 first-year savings (present fuel cost minus geo- 

thermal system O&M cost) and inflation over a 20-year period, a simple pay- 

back of 12 years results. In addition, we have generated an internal rate 

of return figure of 8.7 percent. T h i s  indicates that the project would have 

t o  be financed a t  less t h a n  9 percent to be economically feasible over a 20- 

year period. As mentioned above, this study incorporated the frame bui lding.  

Had this bui ld ing  not been included, the capital cost would have been some- 

what reduced. However, the annual savings would have been substantially re- 

duced as a result  of the h i g h  electrical usage i n  that area as indicated by 

Table 1. The success of any geothermal r e t ro f i t  is highly dependent upon 

the assumption that the church be financially responsible for that usage. 

I t  i s  possible t h a t  the economic results could be improved to some extent 

by congregation members performing some of the work. However, the major 

cost i tems (well DHE, equipment) would remain unchanged. 

The system for  the proposed addi t ion  has a less s ignif icant  impact since the 

basic components would have t o  be installed to  supply the existing restrooms 

and kitchen i n  any case. In addition, the new construction is assumed to  be 

better insulated and less energy-intensive than the frame bui ld ing .  
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Availability o f  Geothermal 

The Mills Addition, i n  which the church i s  located, i s  a comparatively un- 

explored area of Klamath Falls. In order to  determine the probability o f  

a successful well a t  the location, existing information on the area was con- 

sulted. This research yielded the following data.  

1 .  There are five "hot" wells w i t h i n  900 fee t  o f  the property. These are 

characterized by the following data: 

- # . Depth 

225 51 4 

112 525 

Temperature 

190 

175 

Address 

2142 Home 

2140 Home 

70-1 780 170 Mills School 

70-2 81 0 180 Mills School 

70-3 960 196 Mills School 



r 

c .  The property lies directly on the 200"C/km temperature gradient 

1 ine. 

d.  Area s t a t i c  water level is approximately 10 feet below the surface. 

From the above data, i t  is  reasonable to  estimate that an approxi- 

mately 600-foot well depth on the church property would yield a 

temperature of about 160°F w i t h  a 10-foot s t a t i c  water level. These 

figures were used i n  this study for purposes of system design and 

cost estimating. 

Energy Balance 

In order t o  evaluate the requirements of a geothermal heating system a t  the 

church, i t  was necessary t o  f irst  determine the heat loss of the various struc- 

tures. T h i s  task was carried out by two methods. First a conventional heat 

loss calculation was performed. This calculation was then checked using actual 

u t i l i t y  b i l l i n g  figures. The following figures summarize the results of the 

calculations: 

Frame bui lding:  72,800 Btu /h r  

Worship area: 116,400 Btu/hr 

01 d addition: 67,500 Btu /h r  

Proposed addition: 29,750 B t u / h r  

286,450 Btu/hr  
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The above figures reflect  certain assumptions made dur ing  this  calculation. 

For a l l  purposes, an outside design temperature of O°F was used i n  conjunction 

w i t h  an inside design of 68OF. In addition, assumptions were made concerning 

the number of hours per week which various areas were occupied. A l l  areas 

were considered t o  be maintained a t  68OF during occupied intervals and 50°F 

d u r i n g  unoccupied hours. The exception t o  this rule was the church bu i ld ing  

which was analyzed based on a 65OF/OFF mode. 

were made concerning the construction of various structures i n  the absence 

of detailed drawings. Both the church bui ld ing  and the separate frame bui ld-  

i n g  were considered t o  be completely uninsulated. Should this be found not 

t o  be the case, corresponding decreases i n  fuel use and savings credited t o  

the geothermal system over the conventional system would result. Also a l l  

calculations included the proposed addition. The heat loss for that portion 

of the .bui lding was estimated t o  be 35 B t u / h r  ft2 under peak condftions, a 

figure characteristic of commercial construction. 

was assumed that the addition would employ a gas-fired heating system. A l l  

calculated heating loads compared reasonably well w i t h  the existing installed 

capacity w i t h  the exception o f  the frame bui ld ing .  The calculated heat loss 

of this bu i ld ing  (72,800 Btu /h r )  f a r  exceeds the current installed capacity 

In addition, certain assumptions 

For economic purposes , i t  

of 17 kw (58,021 B t u / h r )  of e lectr ic  heat. T h i s  indicates either the pres- 

nce of some insulation i n  the walls or ceiling or that the existing system 

warm certain areas of the bu i ld ing .  was only designed 

were based upon the calculated heating load figures and ref lect  an average 

b f l l  of $106 for the months October through M These figures agree well 

w i t h  the experience of the a s t  tennant i n  t h  u i ld ing .  Table 1 summarizes 

the energy use figures for 

geothermal sys tem. 

Energy requirements 

stem and for the proposed 



F Energy Conservation Measures 

In the course of the energy balance calculations, a few areas of potential 

improvement i n  energy use were found. The economics of some however are 

questionable i n  view of the present operation of the bu i ld ings  (thermostat 

s e t  back, etc.) .  ' 

1 .  The floor i n  the church bui ld ing  i s  currently uninsulated. Adding 

6 inches (R-19) of insulation would reduce the annual fuel use by about 

275 therms/yr of natural gas. 

2 .  The frame bu i ld ing  was assumed t o  have an uninsulated ceiling and s ing  

glass construction. Adding 6 inches (R-19) of insulation and treating 

the windows similar t o  those i n  the church b u i l d i n g  would result  i n  a 

savings o f  about 5,500 kwh/yr. 

e 

3. The existing entrance arrangement creates large flows of outside a i r  i n  

the hall area. Al though this area is unheated, this large inf i l t ra t ion 



4. The duct system under the main church i s  constructed o f  "hardboard" type 

r i g i d  f iberglass material. It i s  c o m n  f o r  t h i s  type of construction 

t o  f a i l  a t  the taped j o i n t s  af ter  a number of years, allowing conditioned 

a i r  t o  escape. The condit ion of the ductwork should be v isual ly  examined 

p r i o r  t o  the heating season t o  determine the degree o f  such leakage. I n  

addition, the hardboard provides the equivalent o f  1 inch of insu lat ion 

on the ductwork. For unheated areas t h i s  i s  considered the minimum a l -  

lowable by today's standards. 

o f  insu lat ion i s  suff icient, a quick tes t  can be performed. On a co ld 

day ( less than 3OoF) measure the temperature immediately out o f  the 

furnace. Measure the supply a i r  temperature a t  the fur thest  reg is ter  

from the furnace. If the dif ference i s  greater than 5OF, some considera- 

t i o n  should be given t o  adding more insu lat ion t o  the ductwork. 

I n  order t o  determine whether t h i s  amount 

The Geothermal System 

Figure 2 shows the basic layout of the geothermal system. As i ndicated i n  

the diagram, the system i s  based upon the proposed modifications t o  the bui ld-  

ings. Basically, there are f ive terminal devices o r  points a t  which heat i s  

del ivered t o  the space. I n  the detached frame bui lding, an en t i re l y  new 

equired. This i s  due t o  both the bui ld ing configuration and 

the present system. I f e l t  tha t  the simplest r e t r o f i t  would be provided 

y ing a hot water co i l ,  cabinet fan, and ductwork 

basement o f  the bui lding. Such a system provides system t o  be located i 

the most e f fec t i ve  access t o  sll rooms. The main church area would continue 

t o  be served by the ex is t ing fan i n  the gas-f ired furnace. However, the 
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be supplied by a hot  water coil t o  be installed i n  source of heat would 

the return duct above the furnace. The gas burner could remain as backup. 

Propeller-type horizontal u n i t  heaters were chosen for heating the entrance 

and meeting room areas. Due t o  the relatively low water temperatures involved, 

these units provided for a lower first cost i n  comparison t o  baseboard-type 

equipment. Finally the kitchen, restrooms, and proposed addition areas would 

be served by a system similar t o  that i n  the frame bui ld ing .  T h i s  system how- 

ever woul d be characterized by overhead ductwork and cei l i ng or si dewal l -type 

registers. The cabinet fan and hot water coil would be located i n  the u t i l i t y  

closet presently housing the domestic hot water heater. 

. ,  

The terminal devices would be served by a p ip ing  system as shown i n  Figure 2. 

For purposes of this study, insulated steel was chosen for both supply and 

return lines. T h i s  p ip ing  would be run i n  trenches close to  the bu i ld ing  

perimeters as indicated, Burial details  are shown i n  Figure 2. 

The geothermal well was located as shown for the purpose of minimizing piping 

costs during installation. As these costs are not a large percentage o f  the 

overall costs, moving the well t o  another location would not significantly 

affect  the overall economics of the project. 

Air-delivering-type systems were chosen for a l l  spaces for a number o f  reasons. 

The nature of their operation permits the use of a minimum of controls thus  re- 

ducing first cost. In addition, an average water temperature of 150°F i n  this 

application would have resulted i n  large surface area requirements for a 

baseboard-type system, thus increasing capital costs. Finally, forced-air-type 
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ECONQMIC ANALYSIS 

The 20-year life-cycle cost analysis appears on the attached table. 

tion rates were taken from the Oregon Department of Energy as follows: 

Infla- 

Natural Gas 

9% per annum t h r o u g h  1984 

9.2%, 1985 t h r o u g h  1989 

10.0%, 1990 through 1994 

10.2%, 1995 through 2001 

Electricity 

7.9% per annum through 1987 

9.1%, 1988 through 2001 

Economic inflation rate  was assumed t o  be 7 percent per annum and insurance 

was assumed t o  inflate a t  2 percent per annum. 

Column 1 projects 20-year costs of natural gas for the existing system. 

Column 2 projects e lectr ical  costs of the existing system. Column 3 indicates 

electr ical  costs of the geothermal syst  . Column 4 projects maintenance costs 

for the geothermal system. Column 5 pr ects insurance costs for the geothermal 

system. Column 6 shows the net cash savings of the geothermal system over the 

present system. 
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L T Y E  CYCLE COST A N A L Y S I S  
FOR 

CONCRECATIONAI, CHURCH 

COST OF C A P 1  12 PERCENT 
TOTAL C A P I T A L  COST 37318 

1 3 4 5 6 
NATUFAl. GAS ELECTK I C I T Y  NAINTENANCE IKSUKASCE TWENTY YEAR 

SYSTEM SYSTL:!? S Y S T E N  SYSTEH S Y  S T M  FLOW 
C1; H REXT CURRENT CEOTHE KFtAL CEOTHE KMI\l. GEOTHEKMI\I. ANNUAL CAS11 

PRESENT COST 1233 8 50 87 165 96 

YEAR 

1983 1464 989 101 189 100 2064 
1984 15Q6 1067 109 202 102 2250 
1985 1743 1152 118 216 104 2457 
1986 1303 1?43 127 231 106 268 1 
1987 207 9 e 1341 137 248 108 2926 
19R8 2270 1463 150 265 110 3208 
1989 2479 1596 163 284 112 351 5 
1990 2726 1741 178 303 115 387 1 
1991 2999 1900 195 325 117 4263 
1992 3299 2073 212 34 7 119 4693 
1993 3623 2261 232 372 122 5165 
1994 3992 2467 253 398 124 5684 
1995 4399 2691 276 425 127 6263 

6899 
7599 

1996 4848 2936 30 1 455 129 
1997 5342 3203 328 487 132 
1998 5887 3495 358 52 1 134 8368 
1999 6487 3813 390 558 137 921 5 
2000 7149 4160 426 597 140 10147 
200 1 7878 4539 465 638 143 11171 

1982 1343 917 94 177 98 1892 

TOTAL 73513 45046 4612 7238 2379 104330 

-- 
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