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WELL PUMPS AND PIPING

Well pumps for larger geothermal applications are normally of the lineshaft, vertical turbine
type with the electric motor located on the surface.  This type of pump with oil lubrication and
adequate allowance for thermal expansion has proven to be a reliable design.  Unfortunately, it is not
an economical selection for small residential and commercial applications.  In fact, there really is no
completely satisfactory solution to small flow rate, hot water well pumping applications.  The two
most commonly used options are conventional electric submersible pumps and jet pumps.

Submersible Pumps

In the case of conventional submersibles, most manufacturers warrantee their submersible
motors for continuous operation in water equal to or less than 86oF.  To operate standard motors in
water temperatures in excess of this value, a combination of strategies can be used.  This involves
assuring a minimum flow rate past the motor for cooling and possibly increasing the motor size.  A
major manufacturer (Franklin, 1989) of submersible motors recommends the following procedure:

A minimum water velocity past the motor of 3 ft/sec is required for applications in
which the water temperature exceeds 86oF.   For small applications, using a nominal
4" submersible motor, this would require a minimum flow rate of 15 gpm and the use
of nominal 4" well casing or a 4" ID flow inducer sleeve.  The sleeve is a sheet metal
shroud that fits over the motor and forces the water to flow past the motor before
entering the pump intake.  Flow inducer sleeves are available from the motor
manufacturer as an accessory.  

In addition to assuring the minimum flow velocity past the motor is achieved, it may also be
necessary, depending upon the water temperature, to increase the size of the motor as well.  This is
only necessary at water temperatures greater than 122oF for small motors (<5hp), and water tempera-
ture greater than 113oF for medium size motors (7.5 to 30 hp).  Table 1  provides Temperature
Correction Factors for submersible motors.  The values in the table assume that other measures have
been taken to assure a minimum velocity of 3 ft/sec past the motor as discussed above.

                                                                 Table 1
                            Temperature Correction Factors (Franklin, 1989)     

Max Water Temp <5hp 7.5 to 30 hp
140       1.25      1.62
131 1.11     1.32
122 1.00     1.14

113 and below                        1.00                    1.00

The required brake horsepower from the pump  manufacturers curve is multiplied by the
Temperature Correction Factor from Table 1.  The resulting “corrected horsepower” is then used to
select a motor with a “Service Factor Horsepower” of equal or greater value from Table 2. 
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  Table 2
                   Service Factor Horsepower (Franklin, 1989)

Nominal hp Service Factor hp
                             1/3 0.58

     ½ 0.80
     3/4 1.12
      1 1.40
    1 ½ 1.95
      2 2.50

                  3 3.45
      5 5.75
   7 ½ 8.65
    10            11.50

     15            17.25
    20            23.00

Example:  Select a motor for an application in which the water temperature is 137oF
and a break horsepower requirement of 2.1 hp.  In a normal cold water application,
we might choose a nominal 2 hp motor for this duty.  Based on the water tempera-
ture, however, a Temperature Correction Factor of 1.25 is selected from Table 1.
Multiplying the correction factor by the required BHP results in a corrected
horsepower of 2.63 hp.  From Table 2, we would select a nominal 3 hp motor for this
application.  Since it is the smallest motor with a service factor horsepower higher
than the 2.63 required.

This procedure can be used for applications up to a temperature of 140oF.  As an alternative,
or for water temperatures up to 167oF,  a motor specifically designed for operation at higher water
temperatures must be used.  These motors are available from at least one manufacturer in sizes of 2
through 10 hp in 3 phase and 2, 3 and 5 hp single phase.  No special shrouding or sizing
considerations apply.  Since these motors are designed for oil field duty and are low production
products,  a significant cost premium applies.

Jet Pumps

An alternative to submersible pumps is the jet pump.  This is a type of well pump in which
both the pump and electric motor are located above ground and thus special considerations related
to submersible motors are eliminated.  This type of pump recirculates a flow of water between the
surface and a “jet” located below the water surface in the well.  The configuration of the “jet” (more
accurately a venturi) causes the recirculating water to draw in water from the well and deliver it to
the surface.  These pumps are less efficient than submersible pumps and for a given horsepower may
produce only 20 to 30% of the flow as submersibles.  Based on data available in the Geo-Heat
Center, most jet pump systems have a maximum allowable water temperature of 140oF; though, we
are aware of systems in which they have been successful at temperatures up to 180oF.   These
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temperatures appear to be more related to the pump than to the downhole components (piping and
jet).  Jet pumps are limited to 1 ½ hp and flow rates of approximately 10 gpm at a depth to water of
50 ft.

Pressure Tanks

Pressure tanks can be used to deliver hot water to a small heating system just as they are used
for delivering cold water to the home.  Older, air cushion type tanks,  in which the air is directly
exposed to the geothermal water are not recommended.  This type of tank allows the water to absorb
oxygen from the air and greatly accelerates the corrosion of any iron and/or steel components down-
stream.  Pressure tanks used for hot water applications should be of the “diaphragm” type.  Most
tanks equipped with a butyl rubber diaphragm have a maximum water temperature rating of 160oF.
Some larger tanks are rated for as high as 200oF water.  Be sure to verify that the tank you are using
is rated for operation at a water temperature equal to or greater than the well water temperature. 

Piping

Pipe Sizing

The size of pipe necessary for a particular flow rate is determined by the pressure drop which
is considered acceptable by the designer.  Some general guidelines have been developed in the past
for this purpose.  Basically, the decision is based upon a balance between the pumping costs over the
life of the line (to overcome the pressure loss) compared to the first cost of the pipe.  Larger pipe
costs more to buy, but results in lower pressure drop (and pumping cost) for a given flow rate.  Based
on maximum pressure loss rate of 4 ft per 100 ft of pipe recommended by the American Society of
Heating, Refrigeration and Air Conditioning Engineers (ASHRAE) in their energy consumption
standard 90, the following maximum flow rates for various pipe sizes would apply:

     Table 3
Recommended maximum Flow Rates (in gpm)

Nominal Pipe Size Maximum Flow Rate
½     2
3/4     4
1     8
1 1/4   12
1 ½   22
2   40
2 ½   70
3 120
4 260
6 550
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Plastic Pipe for Hot Water Applications

Both steel and copper pipe should be used with caution in direct buried installations carrying
geothermal water.  Steel pipe is susceptible to both interior (from the geothermal water) and external
(from soil moisture) corrosion.  Of these, past experience has proven that the exterior corrosion is
by far the most serious.  Uninsulated steel pipe carrying hot water appears to have a useful service
life of approximately 7 to 10 years.  Copper pipe suffers less from exterior corrosion than steel but
is more susceptible to interior corrosion from the geothermal fluid.  Most geothermal fluids contain
some hydrogen sulphide, the compound that gives the water a rotten egg smell.  Hydrogen sulphide
is very aggressive toward copper.  In addition, some geothermal fluids can rapidly (3 to 4 years)
deteriorate the solder used to join the copper pipe.  For these reasons, these otherwise standard
materials have seen little use in geothermal applications, unless a heat exchanger is used to isolate the
geothermal fluid.

Piping, to deliver hot water from the well to the pressure tank or to the point of use, can be
of a variety of materials.  Plastic materials are often used to eliminate the danger of corrosion, both
internal and external.  The most commonly available plastic piping materials are PVC and CPVC.
In both cases, it is necessary to evaluate the suitability of the pipe in terms of both temperature and
pressure.  Thermoplastic piping is characterized by a diminished ability to handle pressure at elevated
temperatures.  PVC pipe has a maximum service water temperature of 140oF and CPVC a maximum
service temperature of 180oF.  In both cases, the pressure rating of the pipe is greatly reduced at these
temperatures.  Table 4 provides pressure rating adjustment factors for PVC and CPVC piping at
various water temperatures.

                                                                  Table 4
              PVC and CPVC Pressure Rating Correction Factors (NIBCO, undated)

                Temperature                     PVC                             CPVC
  70 1.0     1.0
  80 0.9     0.96
  90 0.75     0.92
100 0.62     0.85
110 0.50     0.77
120 0.40     0.70
130 0.30     0.62
140 0.22     0.55
150 NR     0.47
160 NR     0.40
170 NR     0.32
180 NR     0.25



5

Table 5 presents pressure ratings for both PVC and CPVC pipe at 73oF.  To arrive at the
maximum operating pressure for any other temperature, multiply the temperature correction factor
from Table 4 times the 73oF pressure rating in Table 5.

                                                                   Table 5
Maximum Operating Pressure in psi

                  Nominal size
                          ½ 600
                         3/4 480

  1 450
1 1/4 370
1 ½ 330
  2 280
2 ½ 300
  3 260
  4 220
  6 180

Example:  Calculate the maximum operating pressure for 2 in. PVC pipe at a
temperature of 130oF.

From Table 5, the pressure rating at 73 oF is 280 psi.  At 130 oF a de-rating factor of 0.30
applies.  This results in a maximum operating pressure for this application of 0.30 x 280 = 84 psi.

The question of heat loss from buried piping is a frequent concern of small system owners.
Whether or not the piping will lose enough heat to significantly reduce the temperature of the water
at the other end of the line is worth some evaluation.  Heat loss from buried piping is influenced by
the soil thermal conductivity, pipe material, water temperature and burial depth among other
parameters.  Figure 1 presents heat loss information for plastic (PVC and CPVC) pipe at a 3 ft burial
depth  for  two different  soil  types  and three  different pipe sizes.   The  highest heat  losses  are
experienced in heavy damp soil, indicated as “high” (1.5 Btu/hr·ft) in the figure.  Dry, light soil
indicated as “low” (0.75 Btu/hr·ft)  in the figure retards heat loses.  Most soils will fall somewhere
between these two.  The descriptors high and low refer to the thermal conductivity (Figure 1) of the
soil usually expressed in units of Btu/hr@ftoF.   The figure provides heat loss in BTU/hr linear ft.  In
order to determine the temperature loss in a line, it is necessary to know the length and the quantity
of water flowing (gpm) in the line. The greater the flow rate, the lower the temperature change for
a given situation.

Example:  Calculate the heat loss and temperature drop for a 2" line, 250 ft long
which is carrying 10 gpm of 150oF water. Assume worst case conditions for the soil.
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                Figure 1

From Figure 1, the heat loss per foot is approximately 175 BTU/hr per linear foot using the
curve for high heat loss (high soil thermal conductivity).  The total heat loss for the line would be 175
BTU/hr x 250 ft = 43750 BTU/hr.

The temperature drop in the line can be calculated by dividing the total heat loss by 500 x
gpm, where the gpm is the flow in the line, in this case 10 gpm.  As a result, the temperature loss
would be: 43,750 BTU/hr / (500 x 10) = 8.75oF.

For lines of a few hundred feet in length, the temperature loss is almost directly proportional
to the water flow.  For the above example, the temperature drop at 20 gpm would be approximately
4.4oF and at 2 gpm would be approximately 44oF.  As a result, one method of controlling the
temperature loss in a line is to maintain a flow that results in an acceptable temperature at the end of
the line.  

The above examples and discussion are based on what is referred to as the “steady state” heat
loss from a buried pipe line.  This means that the line has been carrying the flow of hot water long
enough that the surrounding soil has been heated up to an “equilibrium” condition.  At initial start up,
the temperature loss would be much greater than the values indicated since a great deal of heat would
be required to raise all the soil around the line from it’s undisturbed temperature to a value closer to
the pipe temperature.  This issue can also have implications as far as the way the line is operated.  If
a line is to carry only intermittent flow or if it is to carry widely varying flow, it is important to make
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the heat loss and temperature drop calculations at the worst case condition.  For intermittent flow
applications, it is sometimes useful to maintain a small, constant flow to stabilize the line temperature
and avoid wide temperature fluctuations. 

The obvious way to minimize heat loss from a buried line is to insulate the pipe or at least
increase the thermal resistance between the pipe wall and the soil.  Several methods are available to
accomplish this task.  The most common is pipe insulation of some type.  In larger applications with
long pipelines, pre-insulated pipe is often employed.  This is a product that consists of a carrier pipe
(through which the water flows), a layer of urethane foam insulation and a jacket to protect the
insulation from soil moisture.  The cost of pre-insulated pipe in the two inch size is on the order of
$10 per foot higher than bare pipe material in the same size.  As a result, small project developers are
often interested in identifying other options to reduce heat loss from buried lines.  One of the least
costly approaches is to bed the pipe in a dry, low thermal conductivity material that readily drains
away any water from the pipe.  A common material fitting this description is pumice.  The thermal
conductivity of dry pumice is approximately 0.085 BTU/hr ft oF or about 10% that of most soils.
This value is approximately 3 to 4 times that of commonly used pipe insulation materials. 

Figure 2
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The pumice is installed in the pipe zone in such a way that the pipe is surrounded by several
inches of pumice on all sides.  Figure 2 indicates the effectiveness of the pumice approach relative to
an uninsulated line, and a pre-insulated line with 1" of polyurethane insulation.  In theory, the pumice
(pumice T) will approach the performance of the pre-insulated line.  In actual installations however,
experience has shown that the conductivity of the pumice is degraded by moisture in the soil.  The
actual performance of pumice is reflected in the curve labeled “pumice A.”  This constitutes
approximately a 60% reduction in heat loss compared to the uninsulated line using a 6" thick layer
of pumice around the line.  At $10 per yard for the pumice and using a trench 12" wide, the pumice
cost would amount to approximately $0.37 per foot of pipe.  A layer of polyethylene sheeting should
be placed over the top of the pumice to protect it from vertical percolation of water in the soil.  To
prevent soil invasion of the pumice (which would raise its conductivity), a filter cloth can be used to
line the ditch.

The black polyethylene pipe insulation available in tubular form at many home improvement
stores is not intended for below grade installation.  Though it is suitable for use at pipe temperatures
up to 180oF in many cases, it’s performance under buried conditions is not known.  Under no
circumstances should it be installed on steel pipe in direct buried applications.  This type of insulation
can trap moisture next to the pipe and greatly increase exterior corrosion.

Heat Exchangers in Geothermal Systems

In large geothermal direct-use systems, it is common practice to isolate the geothermal water from
the balance of the system using a heat exchanger.  The geothermal water passes through one side of
the heat exchanger and the heating system water the other side.  Thin stainless steel plates separate
the two water flows so that there is no actual contact or mixing.  Only heat passes through the plates
from the geothermal water to the “clean” water.  The use of the heat exchanger eliminates the
potential for corrosion or scaling in the heating equipment in the building.  In large applications where
there may be tens or hundreds of individual heating units, the cost of the heat exchanger relative to
the value of the equipment it protects is favorable.  For very small systems, such as those addressed
in this document, it is normally more economical to use the geothermal water directly in the heating
equipment and accept a shorter service life for the heating units.

An exception to this is in the heating of domestic hot water.  A small version of the plate heat
exchanger called a brazed plate heat exchanger (BPHX) serves well in this application.  It’s
performance does not reach the level of the larger plate exchangers and it cannot be dissembled to
be cleaned, but it is cost effective for small domestic water heating applications.  Rather than being
held together with the heavy end plates, large bolts and gaskets of plate-and-frame heat exchangers,
the heat transfer plates in BPHXs, as the name implies, are brazed together with copper.  The copper
is subject to attack by hydrogen sulphide in the geothermal water, but testing has demonstrated
(Rafferty, 1990)that service lives of 7 to 12 years in most geothermal fluids can be expected.  These
are the type of heat exchangers recommended in the domestic hot water heating portion of this
document.
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BUILDING SPACE HEATING

The most common type of space heating system used in homes in the U.S. is forced air.  In
most cases, the air is heated by a fossil fuel furnace or heat pump.  Adapting an existing system to use
geothermal heat or designing a system for new construction is a fairly straight forward process.  The
system consists of a finned coil, normally located in the supply air duct, a motorized valve to control
the water flow in response to a signal from a thermostat, piping to deliver the water to and from the
coil and a few associated plumbing and electrical components.

Selecting the Heating Coil

The heating coil is the heart of the system and proper selection and installation will assure that
air delivered to the space is of acceptable temperature and that the coil is properly integrated in to
the system.  Issues which should be addressed in the process of coil selection include:

 Heating load                                                  Water temperature        
Air pressure drop                                           Coil location
Duct work transition                                      Water flow

The heating load is the quantity of heat that the coil must deliver.  This is calculated by the
contractor using standard procedures long established for this purpose, the details of which are
beyond the scope of this document.  The building heat loss calculation provides a load the coil must
meet.  This value is expressed in BTU/hr and is normally the value associated with the heating
requirement of the structure at the “design” outside condition.  Depending upon construction and
location, new homes may require on the order of 5 to 20 BTU/hr per square foot of floor space.  

Hot water, air heating coils are normally designed for a specific application by an engineer or
contractor.  They are not simply purchased in convenient xxx BTU/hr sizes. As a result, the process
of selecting a coil, even using the simplified procedure below, involves “juggling” several issues at
once.  

Before getting into the specifics of coil selection, it is necessary to define a few coil terms
which you are likely to encounter.  Hot water coils are basically a group of copper tubes arranged in
rows to which the aluminum fins are attached (Figure 3).  The tubes are arranged in rows and the
greater the number of rows, the greater the ability of the coil to transfer heat. To a lesser extent, the
output of a coil can be increased by adjusting the spacing of the aluminum fins.  Fin spacing of 8
fin/inch to 12 fin/inch (FPI) is common in heating coils.  A deeper (more rows) coil or closer fin
spacing also imposes a greater pressure drop on the air passing through it.  This increases the fan
power necessary to push the air through the coil.  
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The velocity of the air passing through the coil is also important.  Velocity is determined by
dividing the flow (in ft3/min or cfm) passing through the coil by it’s face area in ft2.  Nominal coil
velocity is 500 ft/min.  Increasing the face velocity will greatly increase the pressure drop and require
higher fan power.  An important consideration here is that duct work is often designed for air
velocities of 2 to 3 times that recommended for coils.  As a result, it is necessary when installing a
coil to increase the size of the duct work near the coil to reduce the velocity to a value appropriate
to the coil as illustrated in Figure 4.  The selection of a heating coil is an effort to meet the heating
load with a coil that minimizes the air-side pressure drop (and fan power) and also conforms to the
installation space available.  Residential and small commercial HVAC systems have limited fan
capabilities.  To adequately accommodate the pressure losses in the duct work and cooling coil (if
air conditioning is used), heating coil pressure drop should be limited to 0.25 in. w.g. (inches of water
gage) if possible.  It may be necessary to reduce face velocity to less than 500 ft/min in three and four
row coils to achieve this loss.

Figure 4
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The quantity of heat a coil can deliver is a function of the “face area” and the temperature
difference between the water entering the coil (supply water) and the air temperature entering the
coil.  The face area of the coil is the effective area of the coil exposed to the incoming air stream.
Manufacturers often measure this area as the finned height times the finned length.   Figure 5 presents
the heating capacity of coils in Btu/hr per square foot of face area.  As you can see, a 2-row coil
provides a substantial increase in capacity over a 1-row coil.  The increase in output of a 3-row over
a 2-row is much less and the same is true for a 4-row over a 3-row.  The required heating load can
be divided by the unit output (Btu/hr ft2) to determine the face area required at a given coil depth.
Table 6 presents information on the air side pressure drop for 1- to 4-row coils and correction factors
for common fin spacings. 

Selecting an airflow for the system can be approached in two ways.  For systems where the
space will be air conditioned, the air flow is fixed by the AC requirement.  Most air conditioning
systems operate at flows of between 350 to 450 cfm per ton of capacity.  For applications in which
AC is not employed,  a flow can be  selected based on the heating  requirements.   In this case, the
designer has some latitude in the selection.  A simple approach is to use the results from Figure 5.
The load to be supplied by the coil determines the required coil face area in square feet.  Multiplying

Example:   A home has a heating load of 42,000 Btu/hr and geothermal water at a
temperature of 155 oF is available.  The home will have a 3 ½ ton air conditioning
system installed. Due to space limitations in the basement, coil height must be limited
to 12 inches in height.

Figure 5
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Table 6
Finned-Coil Air Pressure Drop1

Face Velocity ROWS
     Ft/min    1    2    3    4
       300 0.03 0.05 0.07 0.10
       400 0.04 0.08 0.12 0.15
       500 0.06 0.11 0.17 0.22
       600 0.08 0.15 0.22 0.30

1. Based on dry coil, 8 FPI, 3/8" tubes, 70oF.  For other fin spacing, multiply table value by:  10
FPI - 1.18, 12 FPI - 1.32 and 14 FPI - 1.55.

the nominal face velocity of 500 fpm times the face area required results in the air flow.  For example,
assume a heating load of 50,000 Btu/hr and a water temperature of 130oF.  Using a 2-row coil, this
would require a face area of approximately 3.33 ft2.  At 500 fpm and 3.33 ft2, an air flow of 1667
ft3/min results. The fan serving this system would have to be capable of supplying approximately 1700
cfm at a pressure drop imposed by the sum of the heating coil, cooling coil (if used) and the duct
system (duct, filter, return grilles and supply diffusers).

From Figure 5, it can be determined that a 1-row, 10 fin/in, coil would require approximately
4.2 ft2 to meet the load.  A 2-row coil would require 2.0 ft2 to meet the load.  The 1-row coil would
have to be 50 inches wide to provide 4.2 ft2 at a height limitation of 12 inches.  Generally it is good
practice to limit coil dimensions to a maximum 4:1 length to height ratio.  This assures more even
flow through the coil and simplifies the fabrication of duct transitions.  In this case, the 2-row coil
appears to be a better choice (which would require a 24-in. wide coil).

To check the air side pressure drop, it is necessary to calculate the face velocity.  Since the
home will be air conditioned, this establishes the air flow for the system.  Air conditioning systems
typically operate at flows of 350 to 450 cfm per ton of capacity.  Using a value in the middle of this
range would result in a flow for this system of 1400 cfm.  Based on the face area of the coil selected
(2.0 ft2), this would result in a face velocity of 1400 ft3/min /2.0 ft2 = 700 ft/min.  This velocity is
outside the recommended range. 

Returning to Figure 5, we can select a coil with 8 fin/in spacing.  This coil would require 2.35
ft2 of face area (12" x 28")to meet the load.  This would result in a face velocity of 595 fpm, still a
little on the high side but from Table 6, we can see that the air side pressure drop is now a more
reasonable 0.15 in wg.  The final coil selection would be 2 row, 8 fin/in, 12" x 28".

A contractor might use a 22" x 10" duct for the main supply air in this case.  Since the coil
selected is 12 x 28", a transition is required on each side of the coil to increase the duct size to the
coil size.  The transition on the upstream side of the coil should be a gradual as possible.  If possible,
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a 5:1 ratio should be used in the transition.  In this case, the largest dimensional change is in the width
(22" to 27").  This amounts to 3" on either end of the coil.  As a result, the transition on the up stream
side of the coil should be at least 5 x 3 = 15" long.

In retrofit applications, it is often difficult to install a coil and conform to the above
recommendations for duct work transitions, air side pressure drop and face velocity.  In many cases,
the coil is installed very near the furnace and there is a choice of installing it in the return air or the
supply air.  The supply air outlet of most furnaces is relatively small and the air is flowing at a very
high velocity (1000 to 2000 fpm).  This is far too high for a coil installation without a very large duct
transition to slow the air.  As a result, an installation in the return air is sometimes considered.  From
an air velocity standpoint, this is attractive since the return duct work is normally much larger than
the supply air and thus better able to accommodate the installation of a coil at reasonable face
velocity.  Two issues must be considered in a return air coil installation: temperature and mass flow.
With the coil in the return air, the temperature of the air entering the furnace is much warmer than
the furnace was designed for.  The fan motor in the furnace depends on the flow of air around it for
cooling. Most fan motors are designed to operate in a maximum ambient temperature of 104oF.
Above this, the life of the motor will be reduced and it may be subject to shut down due to excessive
internal temperature.  As a result, return air coil locations should be limited to coil leaving air
temperature of 100oF to 105oF.

In addition to the motor cooling consideration, the higher temperature of the air also reduces
it’s density.  Because fans are a constant volume device they move the same number of cubic feet of
air regardless of its density.  This means that the actual mass/pounds of air delivered to the space is
reduced when the temperature of the air handled by the fan is increased.  Reducing the mass (pounds)
of air delivered, reduces the heating capacity of the air.  The heating capacity of the system is directly
related to the density of the air.  A system in which the fan is handling 105oF air will have a capacity
6% less than that of a system in which the fan is handling 70oF air. 

Control of a system with a hot water coil supplying the heat is a simple matter.  As illustrated
in Figure 6, a motorized valve (rated for the expected water temperature) is placed in the series with
the coil (it can be placed in the supply or return water line).  This valve responds to a call for heat
from the thermostat and opens to allow hot water to flow to the coil.  Increased comfort can be
accomplished by using a valve equipped with an “end switch.”  On a call for heat, the thermostat
causes the motorized valve to open and begin delivering hot water to the coil.  When the valve is fully
open, the end switch allows the fan to start.  By delaying the fan start until water flow to the coil is
established, the initial cold draft of unheated air to the space is eliminated.

The heating coil selection graph (Figure 5) was based on a water temperature drop of 35oF.
Generally, with water temperatures of 115oF to 180oF it is possible to achieve 30oF to 40oF
temperature drop on the heating water.  The higher the temperature drop, the lower the water flow
required.  At supply water temperatures of less than 115oF, it may be necessary to reduce water
temperature drop to  25o or even  20o to achieve an practical coil design.   By the same token,  it is
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theoretically possible to achieve larger temperature drops with hotter water.  At very large
temperature drops, water flow can be reduced to the point that it negatively impacts heat transfer
from the coil.  As a result, the 30o to 40o range is suggested for most applications.

To calculate the water flow required, the following formula can be used:

Water flow rate in gpm = load/(500 x TD)

where:  Load - space heating load to be served by the coil in Btu/hr
            TD - temperature drop on the water side oF

Example:  A heating load of 50,000 Btu/hr is to be supplied from a coil.  120oF water
is available.  

          Since the supply water is fairly low temperature, a TD of 30 oF will be used.
           Flow Required = 50,000/(500 x 30)
                               = 3.33 gpm

Figure 6 presents a generalized diagram for the piping of a hot water coil.  The strainer traps
debris before it can enter the coil and helps to prevent clogging.  Shut off valves at the entrance and
exit of the coil facilitate maintenance.  Union connections at the coil facilitate removal if necessary.
The air vent at the highest point in the piping system is very important.  This device allows the
removal of air from the system.  Air tends to migrate to the highest points in a  piping network.  If
it is not removed, the system can become “air bound” and water flow reduced or completely blocked.
Pipe size selection can be based on the criteria in the resource production portion of this publication.
It is important to verify that the motorized valve is capable of closing against the pressure supplied
by the system.

Figure 6
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Installation Notes

The air vent should be installed at the highest point in the piping.  Automatic air vents are
available but are not recommended due to a tendency to leak after a short period of service.

Coil should be piped in such a way as to be self venting--water entering at the bottom and
exiting at the top.

Wiring diagram indicates only heating related connections.  If air conditioning is to be
installed, controls indicated would have to be integrated with cooling.  Transformer may be
unnecessary if cooling is installed.

Zone valves have limited ability to close against pressure, typically no more than 25 psi
difference across the valve.  If the system design is such that a greater pressure across the valve can
occur, a different type of valve must be selected or the system design modified.     

An additional ball valve installed on the strainer blowdown connection facilitates screen
cleaning.
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In large commercial geothermal system installations, coils of the type described for use here
are normally protected by the installation of an isolation heat exchanger.  The additional cost of the
heat exchanger (particularly in the small sizes necessary for residential systems) and related
components (circulating pump, controls, expansion tank, pressure reducing valve etc) are considered
uneconomical for small applications.   Since hydrogen sulfide is found in most geothermal waters and
this chemical is known to attack copper (of which the tubes in the finned coil are constructed), it must
be understood that the life of the coil, in many geothermal installations, will be less than in non-
geothermal installations and as a result, the installation should be done with consideration of access
for replacement.  

A 115-v power source is necessary for the transformer.  This is normally installed in the
furnace (if one is used) or the air handling unit.  

A control schematic for this arrangement appears in Figure 7.

Major Components and Fittings

1. Hot water air heating coil. ___ inches finned height x ___ inches finned length, ____ row, ___
fins/inch, with no more than ___ in wg pressure drop on the air side.  To heat ____cfm from
___oF to ___oF. Copper tubes, 5/8" OD, arranged in a counterflow configuration with respect
to the air flow.  Specific values determined by application.  Cost varies with application,

eg.  2 row, 18" x 24", 8 fin/in, $550

2. Control valve, motorized zone type, 24v, 3/4" piping connections, end switch equipped.
Similar to White Rogers model 13A02-102,

$170

3. Union, brass, copper, steel or CPVC depending upon the choice for piping, 1" connections,
2 required,

Galvanized - $5 ea

4. Manual air vent,  brass construction, 1/8" connection,

$6

5. Strainer, Y-type, 150 lb, stainless steel 20 mesh screen, 1” screwed connections,

$30
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6. Ball valve, 1", screwed or sweat depending on piping type, 2 required,

Brass $20 ea

7. Transformer, 115v primary, 24v secondary, 40 VA,

$17

8. Fan relay, 24v coil, contact rating compatible with fan motor required,

$40
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DOMESTIC HOT WATER HEATING

Domestic hot water heating often requires higher temperature water than space heating does.
This is due to the fact that heat is being transferred to a 120oF or greater sink rather than the 70oF air
in a space heat application.  There are several ways to configure a domestic water heating system.
The two most common are storage recharge and instantaneous.  There is also the possibility of using
the geothermal water directly as makeup to the domestic hot water heater if the water chemistry
permits. 

Storage Recharge

The storage recharge method is illustrated in Figure 8.   A small heat exchanger transfers heat
from the geothermal water to the domestic hot water.  To accomplish this, water is circulated from
the water heater tank to the heat exchanger by a circulating pump.  This pump responds to a
thermostat positioned to monitor the temperature of the storage tank.  On a call for heat, the
thermostat enables both the circulating pump and a motorized valve located on the geothermal water
line.  Depending upon the temperature of the water, it may be advisable to add a tempering valve at
the hot water outlet.  This valve assures that water delivered to the home does not exceed a preset
value (adjustable).  This method can only be used when relatively high temperature water (>140oF)
is available.  Properly designed, this approach to water heating can provide 100% of the energy
requirements.

Figure 8
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The following components would be suitable for a residential hot-water heating system with
capacity of 50,000 btu/hr (60 gal/hr recovery @ 100oF rise).  Approximate list prices for the
components appear at the end of each description.

Installation Notes

As with all construction in the home, acceptable practices vary.  Always review the design
with your local building inspector to verify approval prior to construction.  

This layout (Figure 8) assumes the use of a conventional water heater to provide for
emergency backup and storage.  All piping between the components described and the water heater
should be of 1" copper.  Some regulatory jurisdictions may require a small expansion tank in the
system.

It is important to carefully verify the connections on the heat exchanger.  These devices will
perform poorly if the entering/exit connections are reversed.  The above arrangement (and pricing)
are based on the use of a single wall heat exchanger.  In some jurisdictions, depending upon water
chemistry a double wall heat exchanger may be required.  This does not alter the basic design of the
system as it appears in Figure 8.  The cost of the heat exchanger will be much greater, however.  In
addition, the storage recharge approach may become impractical at the lower end of the temperature
range.
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Zone valves typically are capable of closing against no more than a 25 psi pressure difference
across the valve.  If the system design is such that a greater pressure difference will occur, a different
type of valve should be selected or measures should be taken to reduce the pressure differences across
the valve.         

Not addressed above is a source of 115-v electricity for the system.  Power is required for the
circulating pump and the transformer.

The remote bulb of the thermostat must be positioned in such a way that it can sense the
temperature of the water in the tank or the tank wall.   It can be placed between the tank itself and
the insulation if there is access for this.  In some cases, on electric water heaters the lower thermostat
for the electric element can be disconnected from the water heater circuit and used in place of the
remote bulb thermostat.  It must be temperature adjustable for this to be practical.  In all cases to
achieve maximum savings from an arrangement such as this, the thermostat controlling the
conventional heating source (electricity, gas oil etc) must be set LOWER than the thermostat
controlling the geothermal portion of the system. At least 5 to 10oF lower is advisable.  As an
alternative, the conventional heating source can simply be disabled (turning off the breaker or shutting
off the fuel source).

For normal operation, V-2 and V-6 in Figure 8 are closed.  All other valves are in the open
position. 

Since hydrogen sulfide is found in most geothermal waters and this chemical is known to
attack copper (the brazing material for the heat exchangers), it must be understood that the life of the
heat exchanger, in many geothermal installations will be less than in non-geothermal installations.
Testing of brazed plate heat exchangers in geothermal fluids has confirmed a time to H2S induced
failure of 7 years in fluids containing approximately 5ppm H2S to 12 years in fluids containing 1 ppm
H2S.  These values are considered acceptable in view of the low cost of the exchangers. 

Major Components and Fittings

1. Brazed plate heat exchanger - designed to heat 5 gpm from ____ oF to ____oF using 3.5 gpm
of hot water entering at ____oF and leaving at ____oF.  Pressure drop on the cold side not to
exceed 3 psi and 3 psi on the hot side,

$300

The temperatures, flows and pressure drops  on the hot water (geothermal) side of the heat
exchanger depend on the temperature of the geothermal water available at the heat exchanger.
Suggested values appear in the following table.  Actual values will vary somewhat from
manufacturer to manufacturer.
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              Hot Side         Cold Side
                                                In        Out       In        Out        Avg tank Temp
       140 110 105     125 115
       145 115 105     125 115
      150 120 110     130 120
       155 125 110     130 120
       160 130 115     135 125    
       165 135 115     135 125
       170+ 140 120     140 130

2. Circulating pump.  5 gpm @ 10 ft,  wet rotor, in-line, single stage circulator pump, 115-vac,
1/25-hp motor.  Similar to Grundfos model UP15 - 18B7,

$220

3. Hydronic zone valve - motorized,  3/4" connections, 24-vac operation.  Similar to White-
Rogers model 13A02-102,

$170

4. Remote bulb thermostat - 90oF to 150oF adjustable set point,  differential adjustable 5oF to
30 oF.  SPST switch, close on temperature fall, 

$95

5. Relay 24- vac coil, NO contacts rated at a minimum of 10 amps FLA,

$40    
         
6. Tempering valve, brass construction, 3/4" connections, adjustable set point 120oF to 160oF,

maximum temperature 180oF, maximum pressure 150 psi.  Similar to Watts #70A-3/4,

$44

7. Ball valve, bronze construction 1" sweat type connections.  6 required,

$15 ea

8. Union, dielectric type copper sweat x iron pipe connections, 1'’ size, 4 required,

$8 ea
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9. Transformer, 115 v primary/ 24-v secondary, 40 VA,

$17
Instantaneous Water Heating

Instantaneous water heating is a strategy that can be used with any water temperature.  When
higher water temperature is available, this strategy can meet nearly 100% of the water heating needs
(only tank standby losses would be met by the conventional fuel source).  At lower water
temperatures, this method supplies only a portion of the water heating needs with the conventional
water heater supplying the balance.  The major difference between this approach and the storage
recharge above is that this design is based on providing all the heat to the water before it enters the
water heater tank.  The heat exchanger must have much greater capacity to accomplish this and as
a result it is more expensive than the heat exchanger used in the storage design.  The advantage of
this design is that it is simpler in terms of the components required and it can make use of lower
temperature water for which the storage recharge method is not practical.

Figure 10 presents a layout of the instantaneous water heating arrangement.  Cold water,
passes through the heat exchanger on it’s way to the water heater.  When the flow switch senses flow
in the line, it signals the hot water control valve to open and supply water to the heat exchanger.  A
small bypass line is provided to maintain the heat exchanger in a warm condition.  Due to the
requirement for fast response, the valve used in this application must be a solenoid or other fast
opening type design.  In addition, the heat exchanger should be sized to minimize pressure drop in
the hot water line.  These valves can be noisy when switching positions and consideration of this
should be reflected in the installation location.

Figure 10
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Installation Notes

As with all construction in the home, acceptable practices vary.  Always review the design
with your local building inspector to verify approval prior to construction.  

This layout assumes the use of a conventional water heater to provide for emergency backup
and storage.  All piping between the components described and the water heater should be of 1"
copper.

It is important to carefully verify the connections on the heat exchanger.  These devices will
perform poorly if the entering/exit connections are reversed.  The above arrangement (and pricing)
are based on the use of a single wall heat exchanger.  In some jurisdictions, depending upon water
chemistry a double wall heat exchanger may be required.  This does not alter the basic design of the
system as it appears in Figure 10.  The cost of the heat exchanger will be much greater, however.
In addition, the storage recharge approach may become impractical at the lower end of the
temperature range.

Major Components and Fittings

1. Brazed plate heat exchanger.  To heat 5 gpm from ___ oF to ____ oF using ____gpm of water
entering at ____ oF and leaving at ___ oF .  Type 304 or 316 stainless steel plates with 99%+
pure copper brazing material.  Pressure drop not to exceed 2 psi on the cold side and 7 psi
on the hot side.

The following table lists temperatures and flow rates for brazed plate heat exchangers sized
to provide 5 gpm of heated water at various hot water temperatures.  Exit water temperatures
on the hot side for these selections varied from 75 to 80oF
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Hot water Hot flow Ent water Leaving water   Btu/hr
      oF                  Gpm             Cold oF           Cold side oF

   100     8.7      55          95  100,000
  105     7.9      55             98.5                    109,000

              110                   7.1                   55                       102                     117,000
              115                   6.6                   55                       105                     125,000
              120                   6.1                   55                       108                     132,000
              125                   6.0                   55                       112                     142,000
              130                   5.6                   55                       115                     149,000
              135                   5.6                   55                       120                     162,000

2. Solenoid valve, 3/4" connections, two way, brass construction, Buna N seals, 180oF
maximum temperature, 24-v coil, 0 - 100psi operating pressure differential, normally closed.
Similar to Asco # 8210G95 valve $78, coil $18

3. Flow switch, mechanical, brass body, ½" connections, equipped for replaceable orifices to
adjust flow sensitivity, 400 psi, 180oF rated, SPDT switch 15A @ 125-v.  Similar to Omega
FSW-30,

$141  

4. Ball valve, 1" bronze construction, 3 required,

$15 ea

5. Tempering valve, brass construction, 3/4" connections, adjustable set point 120oF to 160oF,
maximum operating temperature 180oF, maximum operating pressure 150 psi, Similar to
Watts model 70A-3/4,

$45

6. Transformer, 120-v/24-v, 40 VA,

$20 

7. Union, 1", dielectric type, copper sweat x iron pipe connections 1", 4 required,

$8 ea

8. Ball valve, ½", bronze construction,

$11
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SMALL GREENHOUSE HEATING

Heating of commercial greenhouses is accomplished with a variety of different systems, the
choice of which is usually made by the grower based on the type of plants being grown.  For a small
“backyard” type greenhouse, among the simplest heating systems is the hot water unit heater.  This
device consists of a hot water coil with a propeller fan attached.  Air distribution is normally through
a “poly tube”-- a thin clear plastic tube perforated with holes.  The tube is normally hung from the
ceiling but can also be installed on the floor.  Unit heaters are a practical method of greenhouse
heating at supply water temperatures down to approximately 140oF to 150oF.   Below this range, heat
output is reduced by more than 50% and the cost of larger equipment becomes an obstacle.

Greenhouse Heating Requirements

The first step in the process is to determine the heating requirement for the greenhouse.  The
heating requirement for a greenhouse is a function primarily of the temperature difference between
the inside and the outside, the materials of construction.  One of the most common small greenhouse
structures is a 30 ft wide, Quonset style covered with a double layer of plastic sheet.  The length of
the house can be adjusted to accommodate the needs of the grower but 96' is a common length.
Assuming a 65oF inside temperature and a 10oF outside temperature, this house would have a heating
load of approximately 90 Btu/hr per square foot of floor area.  To adjust for other construction,
multiply by 1.6 for glass, 1.65 for single plastic and 1.4 for single fibreglass.  For other inside or
outside temperature differences simply ratio, the heat loss per square foot above by the 55oF used for
this example.  These values are valid for small greenhouses.  As floor area increases, the unit heat loss
(Btu/hr ft2) decreases due to the lower impact of walls and infiltration of cold outside air.

Unit Heater Equipment

Unit heaters are sold based on heating capacity.  This heating capacity, appearing in many
greenhouse equipment catalogs, is based on 60oF entering air and assumes that the unit will be
supplied with either 2 psi steam or 200oF water.  Operation of these units at lower water tempera-
tures, as is the case in most geothermal applications, will result in reduced capacity.  As a result, the
first step in the selection of the equipment is to adjust the catalog capacity to the conditions present
at your site.  To do this select, the correction factor from Table 7 that corresponds to the water
temperature available to the unit heaters.  If the catalog data is based on steam, use the values in the
left column.  If it is based on hot water use, the values from the right column.

To determine the heating capacity of a unit heater, multiply the capacity shown in the catalog
by the appropriate factor from the table below.  For example, if 155o water is available to the unit
heater and the catalog is based upon 2 psi steam, the correction factor would be 0.62 (between 150
and 160oF), the capacity of a unit heater rated at 121,000 Btu/hr would actually be 0.62 x 121,000
= 75, 020 Btu/hr at the supply water temperature available.
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      Table 7
Unit Heater Temperature Correction Factors

                             Water temp             Correction    Correction
oF   2 psi steam  200oF Water
110        0.32         0.36
120        0.39         0.43

                                   130                        0.45                             0.50
                                   140                        0.52                             0.57 
                                   150                        0.58                             0.64 
                                   160                        0.65                             0.71
                                   170                        0.71                             0.79
                                   180                        0.77                             0.86
                                   190                        0.84                             0.93
                                   200                        0.90                             1.00

For small greenhouses, equipment selection is simply a matter of determining whether the
heating requirement of the structure can be met by a single unit or whether more than one will be
necessary.  For the example 30 x 96' greenhouse, with a heating load of 260,000 Btu/hr and an
available water temperature of 160oF, the selection would be as follows:

Table 8
Manufacturers Catalog Data

              2 psi steam capacity            Corrected Capacity (160 oF)  Fan hp    List Price
                        18,000                                     12,800                         1/60              300

 33,000    23,400                         1/25              400
             47,000                                     33,400                         1/12              525
             63,000                                     44,700                         1/12              565

                         86,000                                     61,100                         1/8                740 
                       121,000                                     85,900                         1/6                820 
                       165,000                                   117,000                         1/3                900 

           193,000                                   137,000                         1/3             1,200 
                       290,000                         206,000                          ½              1,500

Since the heat loss of the structure is greater than the largest unit, this application will
obviously require more than one unit.  In this case, two of the units with a corrected capacity of
137,000 Btu/hr would together have a capacity of 274,000 Btu/hr, slightly more than the required load
of 260,000 Btu/hr.

The heating capacity of this equipment is also influenced by water flow rate.  Manufacturers
ratings are normally based upon a temperature drop (entering water temp - leaving water temp) of
20oF.  Using a larger temperature drop (lower water flow rate) will reduce the output of the unit since
the average water temperature is lower.  To correct for other than a 20oF drop, multiply the
temperature corrected capacity by 0.93 for a 25oF drop, 0.87 for a 30oF drop and 0.72 for a 40oF drop.
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Installation of Unit Heaters

The standard installation of unit heaters consists of hanging the unit at one end of the structure
and discharging the supply air toward the opposite end.  In longer houses (>125 ft), it is advisable
to install units at both ends to assure even heat distribution.  For the example house, the two units
could be installed at one end.  Figure 12 provides a diagram of a typical installation. 

Figure 12

Figure 13
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Major Components and Fittings

1. Units heater(s):  hot water, horizontal type, propeller fan, 115-v motor, copper water coil
suitable for operation at 150 psi/350oF.  Size and number as required.  See Table 8 for
approximate pricing.  Similar to Dayton 1H200 series or Modine HS  model.

2. Motorized zone valve, 3/4" connections, 24-v coil, see note regarding closing against pressure
in the space heating components list, 

$170

3. Air distribution poly tube - clear plastic, min 3 mil thickness, 18" diameter for air flows to
3000 cfm, 24" diameter for greater flows, 3" diameter holes located at 30o from the horizontal
(4:00 and 8:00 positions),

0.30 $/ft 

4. Poly tube adapter for unit heater.  Attaches poly distribution tube to unit heater.  Can be
fabricated locally by a sheet metal shop or ordered by a greenhouse supply firm.  Dimensions
vary with unit heater manufacturer,

$120

5. Union, copper, steel or CPVC depending upon piping material choice.  Size equal to water
connections on water heater.  2 required per unit heater.

6. Ball valve, as per description in earlier components list, 2 required per unit heater, size varies
with unit capacity.

7. Air vent manual, brass construction, 1/8" connection,

$6

8. Thermostat, heating only, low voltage, similar to White Rogers model 1E30 ,

$46
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TEMPERATURE “BOOSTING”

Owners of low-temperature geothermal resources often ask whether it is practical to raise the
temperature of geothermal fluid using conventional fuels.  For example, if a well produces water at
a temperature of 150oF and a nearby industrial process requires hot water at 185oF, is it practical to
“boost” the temperature of the geothermal fluid with a boiler to meet the requirements of the use.
We have never seen an application in which this strategy was feasible.

The reason is primarily due to the way in which heating systems, space heating or industrial
process are operated.  Figure 14 presents a simplified diagram of a closed loop heating system in a
building.  Hot water is supplied from the boiler at a temperature of 180oF.  The water passes through
the heating system and is returned to the boiler at a temperature of 160oF.  All of the supply water
returns to the boiler to be reheated.  No cold water, which must be pre-heated, is added to the system.
In order for a geothermal resource to contribute to the energy requirement for this system, it must
have a temperature greater than 160oF.   Anything less than this would require heat to raise the
geothermal water to the lowest temperature of the process (160o) plus the energy required by the
process itself.  Using a geothermal fluid in this way (beginning at a lower temperature than the
process minimum and boosting it) would actually result in an increase in conventional energy
consumption.  The ability to supply energy to the process is complicated by the nature of the controls
on some systems.  At less than peak load, many systems return water to the boiler at higher
temperatures, in a linear relationship to load.  For example, at 100 % load, the return temperature is
160oF, at 50 % load 170oF,  at 25% load 175oF and so on.  This complicates the ability for a low
temperature resource to contribute to the energy requirement. 

Figure 14

In processes where large amounts of cold “make-up” water are added (open system), there
is very good potential to use geothermal resources which produce fluids at a temperature less than
the minimum of the process.  Domestic hot water heating is an excellent example.  Consider a
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domestic hot water system serving a restaurant where the tank is maintained at a temperature of
160oF.  A nearby geothermal resource produces 120oF water.  Obviously, this is too low to supply
any heat to the storage tank of the system, but it is able to preheat the water sufficiently to meet a
portion of the heating requirements.   In this case, cold water at 55oF, on it’s way to the water heater
could be raised to approximately 110oF with the geothermal water.  The entering cold water can
never be heated to the geothermal water temperature (in this case 120o) due to temperature losses
which occur in the heat exchanger.  The preheating of the cold water could reduce the total energy
required for water heating in this case by approximately 48%.  Domestic water heating is one of the
most favorable examples for the use of geothermal resources less than the process temperature.  This
is because all of the water entering the system is make up and must be heated.  In many processes,
make-up requirements are much smaller and savings to be generated correspondingly smaller.


