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HEATING FACILITIES

| K]amath‘Luthéran Church '
Klamath Falls, Oregon

 The following report is the result of a request to the Geo-Heat Center
- for Technical Assistance. ' ,

'INTRODUCTION

The Klamath Lutheran Church is located at 1715 Crescent Ave. in Klamath
‘Falls, Oregon. The main church building, dated 1942, is a masonry structure
with cathedral ceiling containing approximately 5800 sq. ft. of floor area. .
This building is currently heated by two duct furnaces and a unit heater .
all of which are gas fired. An Educational Wing of approximately 6300 sq.
ft. was added in 1958. This building, containing 2 assembly rooms and a
number of classrooms is of uninsulated frame construction, with extensive
glass area. A gas-fired boiler supplying finned tube radiators currently
heats this wing. Due to the rising cost of fuel, church officials have
asked if the facility can be heated geothermally.

As a result of this request, we have examined four specific options
for displacing all or part of the heating duty with geothermal. These
options are outlined below.

‘Case'1 - Drilling a production ahg injection well on the property
and using the resultant hot water (180°F) to heat the entire facility.

, Case 3 - Uang effluent from the Klamath Union'High School to heat
the entire facility. No well drilling required. -

 Case 2 - Using effluent from the Klamath Union'High School to heat
only the church building.. The present gas boiler would heat the Educational
Wing. o » :
, Case 4 - Drilling a prodgction and injection well on the property and
using the resulting water (70%F) to_supply a water-to-water heat pump.

SUMMARY OF CONCLUSIONS

Of the four cases examined in this study, case 3 (heating of both the
church building and educational wing with effluent from the Klamath Union
High School) seems to offer the greatest potential and earliest simple pay-
back period. (See Table 6) This scheme involving the installation of a
pipeline from the high school boiler room to the church, replacement of the
radiators on the educational wing and installation of new heating equipment




in the main church bu11d1ng As indicated in Table 3 the estimated cap1ta1
investment for the option is about $57,000 and yields a first year savings
on natural gas and electricity of $3,530. Taken together these two figures,
when examined over a 20-year period with escalation considerations, yields

a rate of return of 8.2%. Tables 2 and 5 indicate the economic aspects of
Case 2. This option yields a rate of return of only 2.4% indicating that
money for the necessary modifications would have to be available at that
rate of interest before this case could be economically feasible.

Tables 1 and 4 show the economic results of Case 1. As indicated in
Table 4 the rate of return for this case is only 5.4%. This rate is not
~ now economically feasible. Also, it must be remembered that Case 1 involves
- the risk of drilling a well, the results of which are currently difficult
to predict. The use of a heat pump for the church does not appear in the
economic analysis as it was determined at an early stage that this would
not prove to be an economical approach.

AVAILABILITY OF GEOTHERMAL WATER

"There is evidence of a geothermal resource in the vicinity of Klamath
Lutgeran Ch rch. Seven wells within a radius of 900' are currently producing
160~ to 207 F water at depths of 200' to 400'. However, all of these wells
are located in the area of Modoc Field and are on the opposite side of the
canal from the church property No information is available on wells closer
to the church s1te ~

For purposes of this study, data on the Modoc Field wells was used to
determine the results to be expected at Klamath Lutheran.. Based OB this, a
well depth of approximately 400' would Tikely produce water at 180°F, a tempera-
ture sufficient to generate all the space heating needs of the facility. 1In
the event that the well does not produce hot water, we have investigated the
feasibility of a heat pump installation.

A second, more reliable resource of geothermal water is also available
in the area. The effluent from the Klamath Union High School heating system
could be used if a pipeline was installed between the church boiler room and
the high school mechanical room. (See Figure 4)

ENERGY BALANCE

The church buildings are of two different types of construction. The
church proper, is a masonry structure with cathedral ceiling and was con-
sidered to be uninsulated. Because of the significant heat storgge capacity
- of this type of construction, an outside des1qn temperature of 9°F was
chosen for heat loss ca]sulat1ons This, in conjunction with an inside
design temperature of 67 F, yielded a peak heat loss as shown in the fo11owing
table. : :

_ The educational wing is a frame structure with extensive glass area:
This large amount of single glass together with the uninsulated walls com-
. bine to make the building sensitive to low outside temperatures. For this




reason an outszde'design temperature of 4°F was chosen. Inside design
remained at 67 F. These temperatures together with the type of construc-
tion yielded the following heat loss figures:

®

Church proper 107,000 Btu/hr

- Church assembly area 31,000 Btu/hr
Educational wing

assembly - 1st floor 31,000 Btu/hr

- 2nd floor 36,000 Btu/hr

. East classrooms 76,000 Btu/hr
" West classrooms 96,000 Btu/hr
Total - 377,000 Btu/hr

Certain energy conservation measures could reduce these figures.
However,.the proposed design is based on the present conditions.

RECOMMENDATIONS

Regardless of the outcome of the church's plans for geothermal, there
are several options which should be explored as a means of decreasing the
overall heating load. Primary among these is the addition of weather stripping
on outside doors to reduce the infiltration of outside air. This infiltration
currently results in 22% of the heating requirements at peak. '

In the educational wing some of the loss from the single glass windows
(currently 39% of the heat requirements at peak) could be reduced. This

. could be accomplished for a minimum of cost by placing a 1" thick panel of

polystyrene (styrofoam) behind the window. Heat loss ‘through each square of
window so treated could be reduced by 85%.

A1l thermostats should be checked for calibration. It is common for

‘these devices to develop some error during normal use. Setting back a

thermostat which is not initially working properly can give a false sense
of economy. . _ ' ‘

In the church area, because of a combination of building and system
design, a large amount of heated air migrates to the ceiling where it is
ineffective. This can be remedied to some extent by installing ceiling
fans. These units drive the heated air back down toward the occupied zone.
In addition, the gas-fired duct furnaces serving the church area seem con-

"siderably oversized in comparison to the heating load. This condition results

in inefficient operation. Some means could be provided to tailor the output
of these units more closely to their task. This could be accomplished by
a stepped 'gas input with a sequential or variable gas valve. ‘

The pastor's office and the room above are currently heated by electric

resistance heat. If a means could be found to heat these areas with a

branch off the gas unit heaters serving the main church area, the operating

- cost for heating these two rooms could be reduced by about 40%.




THE GEOTHERMAL SYSTEM

CaSe 1 - Figure No. 1 shows the basic plan for the proposed system. Included

- are heating loads, flow rates, key temperatures and pressures.

For purposes of a conservative estimate of the piping costs, we placed
the production well at the extreme northern cormer of the property. Further

-investigation may yield a different location. A well bore of 12" with 10"

casing to a depth of 400' is aBt1c1pated This design should produce the
expected flow of 50 gpm of 180 F water. The deep well turbine pump will

. require a 2 horsepower electric.motor to deliver the geothermal water through

flow of water at a minimum temperature of 135

7iy=3" dlscharge piping to the plate heat exchanger. The heat exchanger will be
‘ piped in such a manner as to allow the use of the existing boiler as back up

(see Figure No. 1). The heating oSystem water will circulate through the
heat exchanger and rise from 155 OF to 170°F at peak conditions.

This water will then be distributed to the terminal units by the existing
circulating pumps. One additional circulating pump will be necessary in

~ order to supply the main church building units. Also, new 1 1/2" insulated

supply and return piping to .the church building will be installed. Some
modifications to all three of the existing church heating units is required.
In the basement-a new hot water unit heater will be installed next to the
existing gas-fired model (which will remain as emergency backup). The new
unit will provide all of the space heating requirements of this area.

In the main church area the two ex1st1ng gas-fired duct heaters will
have new finned hot water coils added. ' These will be installed between the
fan box and duct furnace. Again, the existing gas-fired equipment can
remain as backup.

No modification to the heatlng un1t3 (finned tube radiation) is necessary
in the educational wing assuming a 162.5 F average water temperature.

Case 3 - The heating system at K]amath Union High'School rejects a large

F on a continuous basis. This
case examines the feasibility of us1ng a portion of this flow to heat the -
church buildings.

This approach would eliminate the requirement for well drilling at the
site. However, due to the low temperature of the effluent, significant
modifications would be required in the educational wing to facilitate space
heating. This is due to the fact that the existing finned tube radiation
would be ineffective at the water temperature available. In order to heat.
the wing with the lower temperature water, individual fan coil units would

-~ have to be.installed in each room. To supply these units, some new piping

is requlred The existing finned tube radiation could be used for some

‘return piping back to the heat exchanger/boiler room, and existing circu-

lating pumps can be employed in the new design. The heat exchange place-

ment as shown in Figure No. 2 is basically the same as that for Case 1 (Figure
1) with the only difference being the source of the geothermal water. In

the church building all modifications will be basically the same as in

Case 1, however, due to higher flow rates (27 gpm vs. 18 gpm) 2" lines will




be required for supply and return of heating water. The geothermal water will
be routed from the high school through 3" buried FRP piping with the supply
line insulated and the return line uninsulated. Figure 4 shows the routing
for the buried pipe. If a means could be found to deliver these lines to the:

. church by a more direct route, substantial savings could result in piping

costs. Finally, a new circulating pump (No. 6 in Figure 2) is required to
cause the geothermal water to re-enter the return line at the High School.

Case 2 - Again, in this case the effluent ffom the High School is used for
space heating. Figure 4 shows the pipeline routing for this scheme and that

‘of Case 2. This design differs from that of Case 2 only in that the

educational wing has been excluded from the geothermal heating system. Due

. to the extensive modifications required there, only the church building will

be heated by the geothermal water (See Figure 3). The existing boiler will
continue to heat the educational wing. The church heating system will be
the same as that in Case 2 with the only differences being a smaller circu-
lating pump (No. 6 Figure 3) and reduced buried pipe size and heat exchanger
capacity. -

Case 4 - Involves using the geothermal wells on the property to supply a
heat pump, in the event that the temperature is less than that necessary to
supply the heating demands directly. Due to the low temperature output of
the heat pump, major modifications would be necessary in the educational
wing to accommodate use of the water. This would consist of changes similar
to those in Case 2. This case was not examined in detail as it was found
that the retrofit costs, cost of the heat pump machine, and operating cost
(electricity to run the heat pump) was such that the system would not prove
to be economically feasible. .
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KLAMATH LUTHERAN CHURCH SPACE HEATING ECONOMIC ANALYSIS

The ecqhom!c analysis for the Klamath Lutheran Church was based on
three alternatives. In each case conventional fuel savings were estimated
for electricity and natural gas, and these costs were projected through

the year 2000 based on the followlng‘lnflatlon forecasts from Oregon's

Energy Future, Fourth Annual Report, Oregon Department of Energy, '
January 1, 1980, |

Annual Inflatlon Rates for Natural Cas

1981~ 1584 7.62
1985- 1989 8.
1990-1994 1032
1995-2000 10.63

Annual Inflation Rates for Electriclity

19811988 , 8.92
l§8972000 , k 8.6% |
‘ Halntenince costs werc’pfojected‘to lnflgte‘at gp_écdnomlc inflation
réte'of 7% per anbum through the year'zobo. Insuranée'cpsts were pro- -
jected to increase at 2% per annum over the 20-year projéct life,
The method of flnancing fhe redﬁ(red capital investment was
unknown; th§refore, a rate of returh onréapitai lnvesfment was calcﬁlated 

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




Klamath Lutheran Church Space
Heating Economic Analysis

The optimum alternative is Case 3, which provides 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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	Ruthenium Sorber
	Pre- and HEPA Off-Gas Filters
	Iodine Sorber
	NOx Destructor
	Off -Gas Cool er
	Process Operators
	Radiation Monitors
	Supervisors
	Others
	(P1 ant Forces
	Craft Workers
	P1 anners and Supervisors
	Others
	Process Engineers
	Faci 1 i ty Engineers
	Safety
	Technicians
	Others (Including Analytical )
	Others
	Totals: Nonexempt
	Exempt
	Supervisors









