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HE AT IN G FACI L I T  I ES 

Klamath Lutheran Church I 

Klamath Fa1 1s , Oregon 

The fol lowing repor t  i s  the resu l t  of a request t o  the Geo-Heat Cen,er 
f o r  Technical Assistance. 

INTRODUCTION 

The Klamath Lutheran Church i s  located a t  1715 Crescent Ave. i n  Klamath 
Fal ls,  Oregon. The main church bui ld ing,  dated 1942, i s  a masonry s t ructure 
wi th cathedral c e i l i n g  containing approximately 5800 sq. ft. o f  f l o o r  area. 
This bu i ld ing i s  current ly  heated by two duct furnaces and a u n i t  heater 
a l l  o f  which are gas f i r ed .  An Educational Wing o f  approximately 6300 sq. 
ft. was added i n  1958. This bui lding, containing 2 assembly rooms and a 
number of classrooms i s  of uninsulated frame construction, wi th extensive 
glass area. A gas-fired b o i l e r  supplying f inned tube radiators current ly  
heats t h i s  wing. 
asked if the f a c i l i t y  can be heated geothermally. 

for displacing a1 1 o r  pa r t  of the heating duty wi th geothermal. These 
options are out l ined below. 

Case 1 - D r i l l i n g  a production and in jec t i on  wel l  on the property 
and using the resul tant  hot water (180 F) t o  heat the e n t i r e  f a c i l i t y .  

Case 3 - Using ef f luent  from the Klamath Union High School t o  heat 
the en t i re  f a c i l i t y .  No wel l  d r i l l i n g  required. 

Case 2 - Using e f f l uen t  from the Klamath Union High School t o  heat 
only the church bui ld ing.  
Wing. 

using the resu l t i ng  water (70 F) t o  supply a water-to-water heat pump. 

SUMMARY OF CONCLUSIONS 

Due t o  the r i s i n g  cost o f  fue l ,  church o f f i c i a l s  have 

As a resu l t  of t h i s  request, we have examined four speci f ic  options 

The present gas b o i l e r  would heat the Educational 

Case 4 - D r i l l i n g  a production and in jec t i on  w e l l  on the property and 

O f  the four cases examined i n  t h i s  study, case 3 (heating o f  both the 
i church bu i ld ing  and educational wing w i th  e f f l uen t  from the Klamath Union 

High School) seems t o  offer the greatest potent ia l  and e a r l i e s t  simple pay- 
back period. (See Table 6) This scheme involv ing the i n s t a l l a t i o n  o f  a 
p ipe l ine from the high school b o i l e r  room t o  the church, replacement o f  the 
radiators on the educational wing and i n s t a l l a t i o n  of new heating equipment 
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i n  the main church bui ld ing.  As indicated i n  Table 3 the estimated cap i ta l  
investment f o r  the option i s  about $57,000 and y ie lds  a f i r s t  year savings 
on natural  gas and e l e c t r i c i t y  o f  $3,530. Taken together these two figures, 
when examined over a 20-year period w i th  escalat ion considerations, y i e l d s  
a r a t e  of re turn o f  8.2%. Tables 2 and 5 ind icate the economic aspects of 
Case 2. This option y i e l d s  a r a t e  of re turn of only 2.4% ind icat ina t h a t  
money f o r  the necessary modif icat ions would have t o  be avai lable a t ' tha t  
r a t e  o f  in te res t  before t h i s  case could be economically feasible. 

Tables 1 and 4 show the economic resul ts  o f  Case 1. As indicated i n  
Table 4 the ra te  o f  re turn f o r  t h i s  case i s  only 5.4%. This r a t e  i s  not 
now economically feasible. 
the r i s k  of d r i l l i n g  a wel l ,  the resul ts  o f  which are current ly  d i f f i c u l t  
t o  predict.  The use of a heat pump for the church does not  appear i n  the 
economic analysis as i t  was determined a t  an ear ly  stage tha t  t h i s  would 
not  prove t o  be an economical approach. 

AVAILABILITY OF GEOTHERMAL WATER 

Also, i t  must be remembered tha t  Case 1 involves 

There i s  evidence o f  a geothermal resource i n  the v i c i n i t y  o f  Klamath 
Lutberan Church. 
160 t o  207 F water a t  depths o f  200' t o  400'. 
are located i n  the area of Modoc F i e l d  and are on the opposite side o f  the 
canal from the church property. No information i s  avai lable on wells closer 
t o  the church s i t e .  

For purposes o f  t h i s  study, data on the Modoc F i e l d  wel ls was used t o  
determine the resu l ts  t o  be expected a t  Klamath Lutheran. Based ba th is ,  a 
wel l  depth o f  approximately 400' would l i k e l y  produce water a t  180 F, a tempera- 
ture s u f f i c i e n t  t o  generate a l l  the space heating needs of the f a c i l i t y .  I n  
the event t h a t  the wel l  does not produce hot water, we have invest igated the 
feasi  b i  1 i ty  o f  a heat pump i n s t a l  la t ion.  

Seven wel ls w i t h i n  a radius o f  900' are current ly  producino 
However, a l l  o f  these wel ls 

A second; more r e l i a b l e  resource o f  geothermal water i s  also avai lable 
i n  the area. The e f f l u e n t  from the Klamath Union High School heating system 
could be used i f  a p ipe l ine was i n s t a l l e d  between the church b o i l e r  room and 
the high school mechanical room. (See Figure 4) 

El4 ERGY BALANCE 

The church bui ld ings are of two di f ferent types of construction. The 
church proper, i s  a masonry s t ructure wi th  cathedral c e i l i n g  and was con- 
sidered t o  be uninsulated. Because of the s ign i f icant  'heat storage capacity 
of t h i s  type o f  construction, an outside design temperature o f  9 F was 
chosen for heat loss c a l p l a t i o n s .  This, i n  conjunction wi th  an ins ide 
design temperature of 67 F, y ie lded a peak heat loss as shown i n  the following 
table. 

The educational wing i s  a frame structure w i th  extensive glass area: 
This large amount of s ingle glass together wi th  the uninsulated wal ls com- 
bine t o  make the bu i ld ing  sensi t ive t o  l o w  outside temperatures. For t h i s  
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reason an outsade design temperature o f  4OF was chosen. 
remained a t  67 F. These temperatures together w i th  the  type o f  construc- 
t i o n  y ie lded the  fo l lowing heat loss f igures:  

Inside design 

1 

Church proper 107,000 Btu/hr 
Church assembly area 31,000 Btu/hr 
Educational wing 

assembly - 1s t  f l o o r  31,000 Btu/hr - 2nd f loor  36,000 Btu/hr 
East classrooms 76,000 Bt'u/hr 
West classrooms 96,000 Btu jhr  

. I  377,000 Btu/hr Total - 
Certain energy conservation measures could reduce these f igures.  

However, the proposed design i s  based on the present conditions. 
f 

RECOMMENDATIONS 

Regardless of t he  outcome of the church's plans f o r  geothermal, there 
are several options which should be explored as a mans o f  decreasing the 
overa l l  heating load. 
on outside doors t o  reduce the  i n f i l t r a t i o n  of outside a i r .  This i n f i l t r a t i o n  
cur ren t ly  resu l t s  i n  22% o f  the heating requirements a t  peak. 

Pr imary among these i s  the addi t ion o f  weather s t r i pp ing  

I n  the educational wing some o f  the loss from the s ing le glass windows 
(cur ren t ly  39% o f  the heat requirements a t  peak) could be reduced. This 
could be accomplished f o r  a minimum o f  cost by placing a 1'' th ick  panel of 
polystyrene (Styrofoam) behind the window. Heat loss through each square of 
window so t reated could be reduced by 85%. 

A l l  thermostats should be checked f o r  ca l ib ra t ion .  It i s  comnon f o r  
these devices t o  develop some e r ro r  during normal use. 
thermostat which i s  not i n i t i a l l y  working proper ly  can give a fa lse sense 
of econ ow. 

I n  the church area, because o f  a combination o f  bu i ld ing  and system 
design, a large amount o f  heated a i r  migrates t o  the c e i l i n g  where i t  i s  
ineffective. This can be remedied t o  some extent by i n s t a l l i n g  c e i l i n g  
fans, These un i t s  d r ive  the heated a i r  back down toward the occupied zone. 
I n  addition, the  gas-f i red duct furnaces serving the church area seem con- 
s iderably oversized i n  comparison t o  the heating load. This condition resu l ts  
i n  ine f f i c ien t  operation. 
of these un i t s  more c losely  t o  t h e i r  task. This could be accomplished by 
a stepped'gas input  w i th  a sequential o r  var iable gas valve. 

resistance heat. I f  a means could be found t o  heat these areas wi th  a 
branch off the gas u n i t  heaters serving the main church area, the operating 
cost for heating these two rooms could be reduced by about 40%. 

Set t ing back a 

Some means could be provided t o  t a i l o r  the output 

The pastor 's o f f i c e  and the  room above are cur ren t ly  heated by e l e c t r i c  



THE GEOTHERMAL SYSTEM 

Case 1 - Figure No. 1 shows the basic plan f o r  the proposed system. 
are heating loads, f low rates, key temperatures and pressures. 

the production wel l  a t  the extreme northern comer o f  the property. 
invest igat ion may y i e l d  a d i f f e ren t  location. 
casing t o  a depth o f  400' i s  aaticipated. This design should produce the 
expected f low o f  50 gpm of 180 F water. The deep w e l l  turb ine pump w i l l  
require a 2 horsepower e l e c t r i c .  motor t o  de l i ver  the geothermal water through 
3" discharge p ip ing  t o  the p la te  heat exchanger. The heat exchanger w i l l  be 
piped i n  such a manner as t o  al low the use o f  the ex i s t i ng  b o i l e r  as back up 
(see Figure No. 1). The heatingosystem w8ter w i l l  c i r cu la te  through the 
heat exchanger and r i s e  from 155 F t o  170 F a t  peak conditions. 

This water w i l l  then be d is t r ibu ted  t o  the terminal un i ts  by the ex i s t i ng  
c i r cu la t i ng  pumps. One addi t ional  c i r cu la t i ng  pump w i l l  be necessary i n  
order t o  supply the main church bu i ld ing  uni ts.  Also, new 1 1/2" insulated 
supply and return piping t o , t h e  church bui ld ing w i l l  be ins ta l led .  Some 
modif icat ions t o  a l l  three o f  the  ex i s t i ng  church heating un i ts  i s  required. 
I n  the basement.a new hot water u n i t  heater w i l l  be i n s t a l l e d  next t o  the 
ex i s t i ng  gas-f i red model (which w i l l  remain as emergency backup). The new 
u n i t  w i l l  provide a l l  o f  t he  space heating requirements o f  t h i s  area. 

have new f inned hot water c o i l s  added. ' These w i l l  be i n s t a l l e d  between the 
fan box and duct furnace. 
remain as backup. 

i n  the educational wing assuming a 162.5 F average water temperature. 

Case 3 - The heating system a t  Klamath Union bigh School re jects  a large 
flow of water a t  a minimum temperature o f  135 F on a continuous basis. 
case examines the f e a s i b i l i t y  o f  using a por t ion o f  t h i s  f l o w  t o  heat the 
church bui ldings. 

This approach would el iminate the requirement f o r  wel l  d r i l l i n g  a t  the 
s i t e .  However, due t o  the low temperature o f  the  e f f luen t ,  s ign i f i can t  
modif icat ions would be required i n  the educational wing t o  f a c i l i t a t e  space 
heating. This i s  due t o  the f a c t  t h a t  the exist' ing f inned tube rad iat ion 
would be i ne f fec t i ve  a t  the water temperature avai lable. I n  order t o  heat 
the wing w i th  the lower temperature water, ind iv idual  fan c o i l  un i ts  would 
have t o  be i n s t a l l e d  i n  each room. To supply these uni ts,  some new p ip ing 
i s  required. The ex i s t i ng  f inned tube rad ia t ion  could be used f o r  some 
return p ip ing back t o  the heat exchangerjboiler room, and ex i s t i ng  c i rcu-  
l a t i n g  pumps can be employed i n  the new design. The heat exchange place- 
ment as shown i n  Figure tlo. 2 i s  bas ica l l y  the same as tha t  f o r  Case 1 (Figure 
1) w i th  the only difference being the source o f  the geothermal water. I n  
thechurch bu i ld ing  a l l  modif icat ions w i l l  be bas ica l ly  the same as i n  
Case 1, however, due t o  higher flow rates (27 gpm vs. 18 gpm) 2" l i n e s  w i l l  

Included 

For purposes of a conservative estimate o f  the p ip ing costs, we placed 
Further 

A wel l  bore o f  12" wi th 10" 

I n  the main church area the two ex is t ing  gas-f ired duct heaters w i l l  
' Again, the ex i s t i ng  gas-f i red equipment can 

Wo modif icat ion t o  the heating un i t3  ( f inned tube rad iat ion)  i s  necessary 

This 
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be required f o r  supply and return o f  heating water. The geothermal water w i l l  
be routed from the high school through 3" buried FRP p ip ing wi th  the supply 
l i n e  insulated and the return l i n e  uninsulated. Figure 4 shows the rout ing 
for the buried pipe. I f  a means could be found t o  de l i ver  these l i nes  t o  the 
church by a more d i r e c t  route, substantial savings could resu l t  i n  p ip ing 
costs. F ina l ly ,  a new c i r cu la t i ng  pump (No. 6 i n  Figure 2) i s  required t o  
cause the geothermal water t o  re-enter the return l i n e  a t  the High School. 

Case 2 - Again, i n  t h i s  case the e f f l uen t  from the High School i s  used f o r  
space heating. Figure 4 shows the p ipe l ine rout ing f o r  t h i s  scheme and tha t  
of Case 2. This design d i f f e r s  from tha t  o f  Case 2 only i n  tha t  the 
educational wing has been excluded from the geothermal heating system. Due 
t o  the extensive modif icat ions required there, only the church bu i ld ing  w i l l  
be heated by the geothermal water (See Figure 3). The ex i s t i ng  b o i l e r  w i l l  
continue t o  heat the educational wing. The church heating system w i l l  be 
t h e  same as that  i n  Case 2 wi th  the only dif ferences being a smaller c i rcu- 
l a t i n g  pump (No. 6 Figure 3) and reduced buried pipe size and heat exchanger 
capaci ty . 
Case 4 - Involves using the qeothermal wel ls on the property t o  supply a 
-pump, i n  the event t h a t  the temperature i s  less than tha t  necessary t o  
supply the heating demands d i rec t l y .  
the heat pump, major modif icat ions would be necessary i n  the educational 
wing t o  accomnodate use o f  the water. This would consist o f  changes s im i la r  
t o  those i n  Case 2. Thls case was not examined i n  d e t a i l  as i t  was found 
tha t  the r e t r o f i t  costs, cost o f  the heat pump machine, and operating cost 
( e l e c t r i c i t y  t o  run the heat pump) was such tha t  the  system would not prove 
t o  be economically feasible. 

Due t o  the low temperature output of 
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KLAnATH LUTHERAN CHURCH SPACE HEATING ECONOMIC ANALYSIS 

The economic analysis for the Klamath Lutheran Church was based on 

three alternatives. In each case conventfonal fuel savlngs were estimated 

for electricity and natural gas, end these costs were projected through 

the year 2000 based on the following Inflation forecasts from Oregon's 

Energy Future, Fourth Annual Report, Oregon Department of Energy, 

January 1, 1980. 

Annual Inflatton Rates for Natural Gas 

1981-1 984 7.6% 

1985-1989 8.4% 

1990-1994 10.3% 

1995-2000 10.6% 

Annual Inflation Rates for Electricity 

1981 4988 8.9% 

1989-2000 8.6% 

Haintenance costs were projected to lnflate at an economic inflation 

rate of  7% per annum through the year 2000. 

jected to increase at 2% per annum over the 20-year project life. 

Insurance costs were pro- 

The method of financing the required capital investment was 

unknown; therefore, a rate of return on capital investment was calculated 

for each case In order to allow the church to select the best alternative. 



. Klamath Lutheran Church Space 
Heating Economic Analysis 

The opt?mum alternative is Case 3, which provldes the least capital 

investment per dollar of annual savings, The following tables show 

20-year cash flows for each case and indicate the annual rate of return 

on investment. 
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TOTAL 
*Simple Payback 342 1 E,, 

Rat- of Return: 2.8% 
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CASE 3 

TABLE 6 
KLAMATH LUTHERAN CHURCH 

SPACE HEATING ECONOMIC ANALYSIS 

August 12, 1980 

2 0-Y ea r Geo t he m a  1 

cost E l e c t r i c a l  
Projected Sys tem 

Electr ic ;  t y  cost 

42L. 
460. 

Geot he rma 1 
System 

lnsu rance 
cost 

20-Year 
Projected 

Cash 
Flow 

*Simple Payback 
Rate o f  return 8.2% 
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