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IMPORTANT

The following Bard Water Scurce Heat Pumps will not work
on earth loop systers.

WPY30 or WPYD30
WPY36 or WPVD36
WPYS3 or WPVDS3
WPY62 or WEVD62

WIS36G or WOSD30
WOS36 or WOSD36
WOS50 or WOSDS0

For BARTH LOOP SYSTEMS use one of the following:

WPV30A or WPYD36A
WPV36A or WPVD36A
WEVS3A or WPVD53A
WEY62A or WPVD6ZA
HWP30 or HWPD30
HWP36 or HWPD36
WPY30B
WPY36B
WPV538
WPV62B
WOS30A
W)S36A
WOS424




The design of an earth coupled system is divided up into the following steps.

1. DETERMINE THE STRUCTURE DESIGN HEATING IN BTUH
LOSS AND DESIGN COOLING 1LOAD IN BTUH GAIN

It is very inportant that an accurate load calculation of the structure be done, therefore, it is recommended
that "Manua! J” from ACCA or other national accepted metheds be used.

II. SELECT A WATER SOURCE HEAT PUMP

When selecting a water source heat pump for use on an earth coupled system, it may have to operate at entering
vater temperatures between 30 degrees F to 100 degrees F, therefore, it is very important that the minimum and
maxinun entering water temperatures of the selected water source be within that range. Several models on the
market today have a much smaller operating range such as 45 degrees to 85 degrees or 60 degrees to 85 degrees
entering vater temperature. Some of those will not provide satisfactory operation on an earth coupled
installation.

The heating or cooling capacity of the water source heat pump should be determined from the ranufacturer's
specifications for the design minimum and maxinum loop water temperatures. The water source heat pump should
be sized as follows:

HEAT PUMPS SIZED FOR COOLING--The output capacity of cooling equipment should not be less than %0 percent
calculated total load nor should it exceed the calculated load by more than 150 percent. The corresponding
latent capacity should not be less than the calculated total latent load. The equipment sensible and latent
capacities should be determined from the nanufacturer's cataloged performance data. Catalog performance should
be verified at the design magimum loop water temperature and indoor design conditions expected on a design

day.

HEAT PUMPS S1ZED FOR EEATING should not be less than 60 percent nor more than 115 percent of the calculated
total heating load. Catalog performance should be verified at the design minimun loop water temperature and
indoor design conditions expected on a design day. (Auxiliary heat should be sized to make up for any
deficiency in output when the heat pump unit is undersized.) Emergency heat may be required in some locations.

AEAT PUMPS FOR EEATING AND COOLING shall be gized to meet 90 percent to 150 percent of the design cooling load
depending on heating size requirements and allowable indoor temperature swings--units that meet 60 percent to
90 percent of the design heating load are generally adequate when allowances for internal and solar gains are
considered. Auriliary heat should be sized to make up for the difference between the design heating load and
the heat pump output on a design day. EBmergency heat may also be required in some locations., Contact Bard
Technical Service for application assistance.

ITI. SELECTION OF TYPE EARTH COIL AND MATERIALS TO BE USED

BARTH COUPLED SYSTEMS--Barth coupling is a method by which water used by the heat pump is circulated through
pipes buried in the ground. Heat is transferred to and from the soil through the walls of the pipe. Earth
coupled systers are used in areas where insufficient ground water is available or where it is impractical to
drill a well. The piping may be buried in either a vertical or a horizontal configuration.

When designing an earth coupled system, particular attention must be paid to balancing the system between the
heat pump unit and the earth coupled loop. In a balanced system, the earth coupled loop will remove all of the
heat energy transferred to the water by the heat pump (cooling cycle) and will provide all of the heat energy
to the water that the heat pump unit is capable of absorbing (heating cycle). The net result of a perfectly
balanced system is that the change in water temperature through the heat pump is offset by an equal and
opposite change in temperature through the earth coupled loop. For instance, if the heat pump unit in the
cooling cycle causes the water temperature to rise 15 degrees F, then the loop nust cause a corresponding drop
of 15 degrees F.



A word of caution is required here. Although the earth coupled loop is designed for a balanced rise and fall
in water temperature suggesting that the net average loop water temperature remains constant because the ground
temperature may vary + 15 degrees F from season to season, the loop water temperature may vary + 20 degrees F
from the balance point temperature. This is because the ground is able to overcool the loop water in winter,
and may undercool in summer. Because of this, the temperature of the water entering the water source heat pump
unit may drop below 30 degrees F in winter or rise above 100 degrees F in summer. This range in entering water
temperature is extremely important because water source heat pumps are designed to operate within specific
operating temperature ranges (see manufacturer's specifications for water source heat pump operating ranges!.
The temperature ranges are established to protect both the heat pump unit and the water loop piping.
Furthermore, these temperature ranges are based on water only passing through the system. The low temperature
1init of 40 degrees F in a water source heat pump unit is established to protect the loop water from freezing.
Mgain, this low limit presumes that water only flows through the system. However, if the water is mised with a
non-toric antifreeze solution, the entering water temperature can be allowed to fall to 30 degrees F.

HEAT PUMP

Use only a water source heat pump that can be operated on loop temperatures well below 40 degrees F down to 30
degrees F. Information on when to use an antifreeze solution in a ground coupled water source heat pump system
is contained in the following discussions on vertical and horizontal configurations.

PIPE

Use polybutylene (PB) or polyethylene (PE} pipe for horizontal coils, vertical U-bend wells and for service
lines to the wells and lake erchangers. IPS PB pipe is used with insert fittings and clamps. CTS PB pipe is
fused together with appropriate fittings using a fusion toel. PE pipe is heat butt fused with appropriate
fittings using a fusion toel,

CLEANLINESS

During installation, keep trash, soil, and small animals out of the pipe, Leave the ends of the earth loop
pipe taped until the pipe is ready to be connected to the service lines of the equipment room piping.

PRESSURE TESTING

Plastic pipe assemblies should be pressure tested at twice the anticipated system operating pressure prior to
backfilling, Norma] static equipment room pressure is 50 psig.

BACKFILL

Narrow trenches made with a chain trencher can be backfilled with the tailings provided no sharp rocks are
present,

Wider hackhoed trenches can be backfilled with the excavated material provided it is in loose granular form.
If the material contains clumps of clay or rocks, the plastic pipe must be covered first with sand before
filling in with clumps and rocks.

Drilled boreholes of 4 - 6 inches in diameter are common for vertical geothermal wells. Backfill may be any
granular material not containing sharp rocks. This includes the drilling tailings, sand, pea gravel or
bentonite mud.

LOCATION MARKERS
It is desirable that the locations of important points such as well heads be marked for subsequent recovery.

The placement of a steel rod just below the surface can identify these features or mark the outline of an
entire serpentine earth coil,



AS-BUILT PLANS

Barth coupling features should be drawn on a site plan as installed, if possible, to aid in the location of key
conponents. A simple way to locate key features is to make 2 measurements (sides of a triangle’ from 2 corners
of a building to the feature. Record these measurements in a table on the plans.

Reasons for using an earth coupled systen.

1. Unlike a standard solar system, the loop operates day or night, raim or shine ail year, delivering heat to
and from the heat pump.

2. It is cost effective in northern or southern climates.

3. Because the water circulates through a sealed clesed-loop of high strength plastic pipe, it eliminates
scaling, corrosion, water shortage, pollution, waste and disposal problems possible in some open well water
systems.

VERTICAL--A vertical earth coupled system consists of one or more vertical boreholes through which water flows
in plastic pipe. A distinct advantage of vertical system over a horizontal system is that the vertical system
requires less surface area facreage). In areas where the ambient groundwater (average well water) temperature
is less than 60 degrees F, the use of an antifreeze solution, such as propylene glycol, to avoid freezing the
loop is recommended. (Figures 1, 2, and 3)

Boreholes are drilted 5 inch to 6 inch in diameter for 1-1/2 inch diameter pipe. For 3/4 inch diameter pipe
loop systems, the vertical loops are connected in parallel to a 1-1/2 inch diameter pipe header. A borehole of
3 inch to 4 inch in diameter is used for 3/4 inch diameter loops, this lowers drilling costs., The 3/4 inch
diameter pipe also costs less per tom of heat pump capacity. The smaller pipe is easier to handle, yet there
is no sacrifice in pressure rating. Also two loops in one hole reduces borehole length. Depth for these
systems is usually between 80 and 180 feet,

The basic components of a vertical earth coupled system are detailed in Figure 1. Each borehole contains a
double length of pipe with a U-bend fitting at the bottom. Multiple boreholes may be joined in series or in
parallel, Sand or gravel packing is required around the piping to assure heat transfer. In addition, the bore
around the pipes and immediately below the service (connecting) lines must be cemented closed to prevent
surface water contamination of an acqufier in accordance with local health department regulations.

SERIES U-BEND

A series U-bend well earth coupling is one in which all the water flows through all of the pipe progressively
traveling down and then up each well bore. Series wells need not be of equal length.

PIPE

1-1/2 inch CTS or IPS polybutylene or polyethylene pipe is commonly used in 5 to 6 inch boreholes. 1PS PB pipe
is used with insert fittings and clamps. Turn the clamps so that they face inward and will not be clogged by
the vell bore. Tape the clamped sectien of the U-bend with duct tape to provide added protection to the clamps
while the pipe is being installed into the well.

CTS PB pipe is heat fused together with fittings. PE pipe is heat fused together with butt joints.
STIFFENER

Tap the last 10 to 15 feet of pipe above the U-bend together to a rigid piece of pipe or conduit. This will
make installing the pipe into the well easier.



FILL AND PRESSURE TEST

Fill with vater and pressure test before lowering the U-bend into a well bore. When drilling with air, a bore
can be completed that contains no water. [f unfilled plastic pipe is lowered into the bore, it will be crushed
as the hole slowly fills.

MULTIPLE WELLS

Multiple 100 feet wells connected in series are the easiest to drill and install in most areas. It will be
difficult to sink water filled plastic U-bends into mud filled holes over 150 feet deep without weights. Wells
are generally spaced 10 feet apart in residential systenms,

SERVICE LINES

follow the quidelines for the horizontal earth coil when installing the service lines ta and from the U-bend
vell.

PARALLEL U-BEND

A parallel U-bend well earth coupling is one in which the water flows out through one header, is divided
equally, and flows sinultaneously down two or more U-bends. It then returns to the other header. Readers are
reverse return plumbed so that equal length U-bends have equal flow rates, Lengths of individual parallel
U-bends must be within 10 percent of each other to insure equal flow in each well.

PIPE

1-1/2 inch CTS polybutylene or polyethylene pipe is used for the headers with 1 inch or 3/4 inch pipe used for
the U-bends. 4 inch bore holes are sufficient for placement of 1 inch U-bends.

Follow "Series U-Bend Well™ instructions on:

Stiffener Multiple Wells
Fill and Pressure Test Service Lines
RULE OF THUMB RULE OF THUMB
MINIMUM DIAMETERS POR BOREHOLES Por parallel systems, use one loop for each one ton
Roninal (12,000 Btuh) of heat pump capacity. For example,
Pipe Size Single U-Bend | Double U-Bend a three ton heat pump would have three parallel
e 3-1/4" 4-1/2" loops. Headers are constructed from 3/4 and 1 inch
1" -2 5-1/2" pipe. For heat pumps with reduced flow
1-1/4" L 5-3/4" requirements {2 GPM/ton and lesg), the series
1-1/2" 4-3/47 6" system should be considered in order to maintain
r 6" ™ the necessary fluid velocities to promote good heat
transfer. See Table 1.

RULE OF THUMB

PVC pipe is not recommended for the buried portion
of the earth coupled ground heat exchanger,
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FIGURE 3
SFRIES AND PARALLEL HORIZONTAL SYSTEMS
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FIGURE 3A
SERIES AND PARALLEL VERTICAL SYSTEMS
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HORTZONTAL--A horizontal earth coupled system is similar to a vertical system in that water circulates through
underground piping. However, the piping in this system is buried in a trench. (See Figures 12, 13, and 19

FIGURE ¢

Pipe depths in the Northern Zone should be 3 to 5
feet. Excessive depth will reduce the ability of the

sun to recharge the heat used in winter. PlPE DEPTHS

Pipe depths in the Southern Zone should be 4 to 6 NORTHERN
feet, so that the high temperature of the soil in g?tNtEo 5 ft
late summer time will not seriously affect system RE pedy A T Do - -
performance. < s %) SOUTHERN
4 ZONE
Antifreeze will be necessary in the Morthern Zone to \ 4ft. to 6 ft.

prevent freezing of the circulated water and to allow
the system to gain capacity and efficiency by using
large amount of heat released when the water
contained in the soil is frozen.

Antifreeze solutions used are a non-toxic Propylene Glycol or Calcium Chloride.

The vse of rultiple pipes in a trench reduces total trench length substantially. If a double layer of pipe is
laid in the trench (Figure 5), then the two layers should be set two feet apart to minimize thermal
interference, Example: A 1-1/2 inch series horizontal system with pipes at 5 feet and 3 feet. After
installing first pipe at 5 foot depth, partially backfill to 3 foot depth using a depth gauge stick before
installing second pipe with the return line running closest to the surface and the supply line running below
it. This arrangement will maximize the overail system efficiency by providing warmer water in heating mode and
colder water for cooling mode. Connect pipe ends to heat pump after the pipe temperature has stabilized so
that shrinkage will not pull pipe loose.

FIGURE S
SINGLE AND STACKED HORIZONTAL EARTH COLLS
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FIGURE 6
TWO PIPE AND FOUR PIPE EARTH COIL IN A WIDE TRENCH

EXISTING QRAOE - B ADE

[
wia =
w w
[ ; EARTH BACKFILL w ZARTH BACKFUL
B | w
3AND FILL ~
EAATH COn

SAND FLL

1 foot,

“I.LH—I MINIMUM
o S R 7N o >
NN A i f %

Two pipes in the same trench, one above the other, separated by two feet of earth require a trench 60 percent
as long as a single pipe. The total length of pipe would be 120 percent as long as a single pipe due to the
heat transfer effect between the pipes.

In addition, when laying a double layer of pipe, be careful to avoid kinks when making the return bend (see
Fiqure 7). Backfill the trench by hand when changing direction. If it is necessary to join two pipes together
in the trench, use the fusion technique for 1PS304 stainless steel or brass fittings for greater strength and
durability. Then mark fitting locations for future reference by inserting a steel rod just below grade. The
steel rod enables the use of a metal detector to find joints in pipe.

Trenches can be located closer together if pipe in the previous trench can be tested and covered before the
next trench is started. This also makes backfilling easier. Four to five feet spacing is good.

In those areas with dry climates and heavy clay soil, heat dissipated into the soil may reduce the thermal
conductivity of the soii significantly. In such cases, the designer may specify additional feet of pipe per
ton of capacity. A few inches of sand may also be put in with the pipe, or a drip irrigation pipe buried with
the top pipe to add occasional small amounts of water.

FIGURE 7
HORIZONTAL BARTH COIL TURKARQUNDS
NARROW TRENCH RETURN BEND' DETAIL
DOUBLE LAYER HORIZONTAL RARTH COIL

Section View

BEND Pird TO
POSITION SHOWN
USING EXTREME
CARE TO avOild
KiMKING

10



When making the return bend, be careful not to kink the pipe. Two inch pipe requires a four foot diameter
bend.

RULE OF THUMB
Maxinum recommended pipe length in series:
(Pressure loss, water @ 40 degqrees F)
Nominal Description Head
Size Flow, Length (Feet)
/4" SDR-11 ¢0.86 inch [D)
3 GPM, 500 ft. 10.3
1" SDR-11 (1.077 inch (ID)
3 GPM, 1,500 ft.
4.5 GPM, 800 ft.
1-1/4" SCH40 ¢1.380 inch 1D)
7.5 GPM, 1,200 ft. 12.9
1-1/2" SCH40 (1.61 inch ID)
% GPM, 1,500 ft. 10.7
r SCH40 (2.067 inch ID)
15 GPM, 2,500 ft. 10.7
NOTE: Fluid pressure drop dictates the length of
pipe run in any ground heat exchanger desiqn.

FIGURE 8
GROUND HEAT EXCRANGER BUILDING STUB O

1"
S n—-r—-1 ft HEADER PIPE
min min {SUPPLY & RETURN)

bR SILICONE

o SEAL 2°
RS BRI S
] INsuLATION 4 inch PVC
'] (As Req'd) SLEEVE
)

i

< 'LONG SWEEP

= ELSOW

NOTB: (1) Ground heat eschanger stub outs should be spaced a minimum of one foot
fron any wall or obstruction.
(2) Long sweep elbows are required for 1-1/2 inch or 2 inch header pipes.

Serieg horizontal earth couplings are ones in vhich all the water flows through all of the pipe. These may be
nade of 1 inch, 1-1/2 inch, and 2 inch pipe either insert coupled or fused.

NARROW TRENCHES

Narrov trenches are installed by trenching machines, The trenches are usually 6 inches wide. Generally
speaking, the trencher will require about 5 feet between trenches. This is sufficient spacing for horizontal
earth coils.

The pipe can be coiled into an adjoiming trench. Since the trencher spaces the trenches about 5 feet apart,
looping the coil from one trench to another will give a large enough diameter return. The end trench should be
backhoed to give erough room for the large diameter bend.

If the pipe is brought back in the same trench, bend the pipe over carefully to avoid kinking the pipe and hand
backfill the area around the return bend (Figure 7).
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To reduce the bend radius, elbows may be used. However, keeping the number of fittings underground to a
ninimmn nay be preferable since the potential for leaks is reduced.

If a double layer of pipe is used, the incoming water to the heat pump should be from the deepest pipe. This
provides the heat puep with the coolest water in summer and the warmest in winter,

FIGURE 2
A WETTING SYSTEM FOR HORIZONTAL EARTH COILS

2 PEET

EXISTING GAADE

DEPARTHMENT

QRAYEL

4 FEET
MINIM UMW

SEPTIC LATERAL

SAND FULL

HIMNIMUM

EAATH COL

1 foot

/

BACKHOE TRENCHES

If a backhoe is used, the trench will probably be about 2 feet wide, In a wide backhoed trench, two pipes may
be placed side by side, one cn each side of the trench. The pipes in the trench must be at least 2 feet apart.

Backfill carefully around the pipe with fine soil or sand. Do not drop clumps of clay or tock onto the pipe.

PIGURE 10

2 FRET
NI U

EARTH GACKAILL

NOT LESS THAN

310 4§ FEET

SAND FILL

ZARTH COIL LINES

[—

A pit may be ercavated at the end of the trench to accommodate a 4 foot diameter return bend.
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FIGURE 11
WIDE TRENCH RETURN BEND DETAIL
SINGLE OR NOUBLE LAYER HORIZONTAL EARTE CCIL

EXCAVATED PIT AT LEAST

4 PERT DERP AND LARGE

ENOUGH TQ ACCEPT A
Plan View FULL DIAMETER LOOP

OF rirg

2' WIDE TRENCH

BEND PIPE TO POSITION SHOWN
USING EXTREME CARE TO AVOID
KINKING

SERVICE LINES

The recormendations for the horizontal earth coils also apply for the installation of service lines to and from
the U-bend wells and pond or lake exchanger,

Bury the service lines a mininum of 3 inches for single layer pipe, 3 feet and 5 feet deep for double layer
pipes.

It 2 pipes are buried in the same trench, keep them 2 feet apart.
A parallel horizontal earth coupling is one in which the water flows out through a supply header, is divided
equally, and flows simultaneously into 2 or more earth coils. It then returns to the other header. Headers

are reverse return plumbed so that equal length earth coils must be within 10 percent of each other to insure
equal flow in each coil.

Pollow "Series Borizontal Earth Coupling” instructions on NARROW TRENCHES AND BACKHOE TRENCEHES.

RULE OF TEUMB

Trench length is reduced in the following proportion
when multiple pipes are installed in a single trench

| Number of Pipes | Trench/Pipe (Feet) Depths (f%)

1 500/500 5
/ 300/600 4,6
4 200/8“) 31 41 51 ]

13
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PIPE JOINING METHODS

HEAT FUSION--Beat fusion is the process where piastic pipe materials are aligned, cleaned or trimmed, heated to
their melting point, brought together, and allowed to cool to form a homogeneous material. The appropriate
ASTM standards are:

1. D 2610 "Specifications for Butt Fusion Polyethylene (PE) Plastic Pipe Fittings, Schedule 40"
SCOPE:

2. D2683 "Specification for Socket-Type Polyethylene Fittings for Outside Diameter Controlled Polyethylene
Pipe”

SCOPE:
3. D 2657 "Practice for fHeat Joining of Polyolefin Thermoplastic Pipe and Fittings”

SCOPR: This practice describes general procedures for making joints with polyolefin pipe and fittings by
means of heat-joining techniques in either a shop or field environment.

For reliability, all underground piping joints should be thermally fused rather than mechanically coupled. The
arguments for this are:

1. Heat fusion joining results in a joint which is stronger than the pipe itself. The pipe wail at this point
has a larger cross section which gives the joint the added strength.

2. The comnection or joint is all plastic eliminating corrosion problems.
3. There are industry standards (ASTM, PP1, --) which have written guidelines for proper joining methods.
4. Training programs are available from the manufacturers of the pipe and fusion machines.

AEAT FUSION METHODS--The industry has accepted two heat fusion techniques, butt and socket. The fusion method
chosen will depend on the pipe nanufacturer’s requirements and recommendations and the ease in which field
personnel can be trained to reliably fabricate ground heat exchangers.

SOCKET FUSION JOINING--In the socket fusion method, the two pipe ends are joined by fusing each pipe end to a
socket fitting (see Figure 15). This requires two heat fusion procedures for each joint.

BUTT FUSION--The second type of heat fusing joining is the butt fusion procedure where the 2 pipe ends are
simltaneously heated to a plastic state and brought together to form the heat fused joint (see Figure 16). A
single heat fusion process is required to form the joint between the two plastic pipe ends. The butt fusion
process is performed by using specially designed machines (available from several nanufacturers) which provide
secure holding of the two pieces to be fused, aligning the pieces, trimming and squaring their ends, heating
the surfaces to be joined, and butting them together while they remain in a plastic state.

STDEWALL BUTT FUSION JOINIMG--In addition to joining the flat ends of pipe or fittimgs, the butt fusion process
can also be used when joining the concave surface of a service saddle to the convex surface on the sidevall of
a pipe (see Fiqure 17). This is done by heating these surfaces with appropriate convex and concave shaped
heaters and then butting these surfaces together. This is known as sidewall fusion joining. Typical hutt
fusion fittings are illustrated in Figure 16.

SELECTION OF HEAT FUSION METHOD--Polyethylene is heat fused and joined using both butt and socket procedures.

Material grade, density, etc. will determine if the particular grade can be fused with either method. Some
high density polyethylene materials cannot be socket fused.

18



Polybutylene in the sizes used in ground heat exchangers is normally socket fused.
Both fusion procedures when properiy done yield highly reliable joints that are stronger than the pipe itself.

IV. ODESIGN OF EARTH COIL

Earth coupling is a method by which water used by the heat pump is circulated through pipes buried in the
ground. Heat is transferred to and from the soil through the walls of the pipe. Earth coupied systems are
used in areas where insufficient ground water is available, or disposal of well water is impractical, or
regulations prohibit the use of well water, or the environment corrodes outdoor condensing units. The piping
nay be buried in either a vertical or a horizontal confiquration.

The first recorded experience of earth coupling a heat pump was a 1912 Swiss patent. The next period of earth
coupling activity occurred after World War II in both the United States and Burope. In the period from 1946 to
1953, twelve major earth coil research projects were undertaken by the Edison Electric Institute. This
research developed many of the basic theories and designs that are used in earth coupling today. Work on earth
coupling was terminated because of low enerqy costs.

The majority of the research work in the United States since 1978 has been conducted at QOklahoma State
University (OSU). Currently many uriversities and utilities are conducting continuing studies of earth coils.

GUIDELINES PROCEDURE

Calculate the cooling and heat loads
Determine duct capacity

Select heat pump

Deternine type of earth coil

Select pipe for earth coil

Calculate length of earth coil

Chocse fluid in earth coil

Layout pipes and fittings

Calculate pressure drop in feet of head
Select circulating pump or punmps

QW0 00 =3 O UN e LD B e

[a—

CALCULATE THE COCLING AND HEATING LOADS--Use ACCA Manual J, ASHRAE, or equivalent method of calculating heat
gains apd losses for the building.

DRTERMINE DUCT CAPACITY--Use ACCA Manual D, ASHRAR, or equivalent to determine the CFM capacity of the duct
systen. If it is 2 new building design, ductwork to meet the needs of the heat pump must be selected.

SELBCT HEAT PUMP--In an earth coupled eystem, the heat pump should supply the entire cooling load at design
paximum entering water temperature. There is no problem if the heat pump is oversized for the heating load.
However, if the heating load of the building emceeds the cooling load, the heating capacity of the heat pump
shall be equal to or greater than 70 percent of the design heating problem if the heat pump is oversized for
the cooling load. Once the heating and cooling leads are known, the heat pump can be selected. In earth
coupling applications, heat pump selection involves several important considerations.

Unlike in well water applications where water temperature is constant, earth coupled systems must be designed
for entering water tempetatures that may vary between 30 degrees on the low end and 116 degrees on the high
end. Consequently, when selecting a heat pump for earth coupling, one must determine capacity and efficiency
at both high and low design entering water temperatures.
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DETERMINE TYPE OF EARTH COIL--There are three basic earth coil designs listed below in order of difficulty.

1. Single layer horizontal
2. Double layer horizontal
3. Single UY-bend vertical

The trenches should be spaced a minimum of 5 feet apart. Single layer horizontal systems are usually trenched
a nininum of 4 feet deep as far north as Indianapolis. But in nerthern locations such as Chicago, the treaches
are usually 5 feet deep, Double layer horizontal systems are trenched at 6 feet with the pipes installed at 4
feet and 6 feet. The boreholes for vertical systems are spaced a minimum of 15 feet apart. The depth of the
borehole is determined by drilling conditions.

Barth coil systems may be designed for series or parallel flow. Series flow is easier to install and test but
usually requires larger diameter pipe. Vertical systems with series flow do not need to have the boreholes the
same depth. Parallel flow requires more care in installation but usually reduces pipe diameter and pressure
drop.

SELECT PIPE FOR BARTH COIL--After years of testing and experience, the plastic pipes listed below have been
found to be the most cost effective for earth coils.

Polybutylene 2110 SDR 13.5 Polyethylene 3408 SDR 11
Polybutylene 2110 SDR 17 Polyethylene 3408 Schedule 40

Use either butt or socket fusion to join the plastic pipe as recommended by the pipe manufacturer.

CALCULATING LENGTH OF BARTH COIL--Table I shows typical earth coil lengths which will provide adequate system

performance in those areas of the country depicted in the table. However, precise calculations which consider
the unique characteristics of each locale can reduce the length of coil needed and enhance the performance of

the systen.

Lh = 12,000 Btuh/Ton (COP - 1/COP) {Rp + (Rs)}(Fn)}
Tl - Tnin

Le = 12,000 Btuh/Ton (EER/3.41 + 1} - (EER/3.41)}{Rp + (Rs){Fc)}
Tnax - Th

Where:

Lh = Heating length in feet per ton of heat pump capacity

Lc = Cooling length in feet per ton of heat pump capacity

COP = COP of the heat pump at the design entering fluid temperature
Rp = Pipe resistance

Rs = Soil resistance

Fh = Beating run fraction

Tl = Low soil temperature at day To

Tmin = Design miniwum entering fluid temperature

EER = BER of the heat pump at the design entering fluid temperature
Fc = Cooling run fraction

Tear = Desiqn maximym entering fluid temperature

Th = Righ soil temperature at day to +180

IMPORTANT: Generally, in southern locales the cooling length will be longer while in northern areas the
heating length will be longer. Alvays select the longest earth coil length fot each installation.
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The first element to consider is heat pump COP. Remember this is not the COP a% well water temperature but the
COP at the loop entering water temperature. This loop temperature will range between 30 and 50 degrees
depending upon location and loop design. Typically the average January COP is between 2.8 and 3.1. Note that
earth coil systens are designed for the peak demand months of January and August. As a result, a system may
have a January COP of 2.9 and a March CCP of 3.1. Some southern appiications might have a COP greater than 3.1
but in those locations the cooling load is dominant.

Just as the COP must be for the January entering water temperature, so the EER must be for the August entering
vater temperature. Typically the entering water temperature ranges between 70 and 100 degrees. Typical EER
vajues fall between 10 and 11.

Pipe resistance is the next element to consider. It is calculated using Fourier's equation.

Rp=_ 1 {LNDo}
Tp{ Di}

(3%

Rp = Pipe resistance

Fp = Thermal conductivity of pipe (Btuh/Lft - deqree F)
LN = The natural logarithm

Do = Pipe outside diameter (ft)

Di = Pipe inside diameter (ft)

The calculation of soil resistance is based upon the Kelvin Line Source Theory. This theory is set out in the
following equation,

Rs = Soil resistance
I(x} = Integral
Ks = Thermal conductivity of soil (Btuh) Lft - degree F

The above discussion assumes unfrozen soil. Frozen soil has less tesistance to heat tramsfer. In addition,
freezing soil releases 144 Btu/Lb of latent heat.

The heating run fraction is the percent of time the heat pump is assumed to run during the peak month of
January. The cooling run fraction is the same except it represents the operation in August. Both numbers have
been developed from a Department of Energy study and assume that the heat pump has a capacity equal to the
design load of the building.

CAUTION: The run fraction will increase if the heat pump is undersized. For example, in Chicago, 1llinois,
the heating run fraction for 2,400 square foot medium insulated house is .44, [If the heat pump
supplies only 75 percent of the design heating load, then the run fraction will increase to more than
.65. At some point, undersizing will lead to 100 percent run time or a run fraction of 1.0,

There are two benefits for sizing the heat pump as close to design load as possible.

1. [t lessens any future residential demand charges for electricity and
2. It lovers the run fraction vhich increases.
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FIGURE 18
SOIL TEMPERATURE SWING

TEMPERATURE IN F

AGURE 19
COMPARISON OF T,, AT VARYING DEPTHS
FOR DIFFERENT SOILS
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HORIZONTAL EARTH COIL
TEMPERATURE VARIATIONS
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The last element to be considered is the allowable temperature differential of the earth coil. This number is
the amount of temperature swing from the peak soil temperature which the system is designed for and the heat
purp can use. [t can be expressed by the following equations.

Thd = Ti - Tmin

Ted = Tmax - Th

Tl = Low soil temperature

Th = High soil temperature

Tnin = Design ninimum entering fluid temperature
Trax ~ Design maximum entering fluid temperature

NOTE: Although Bard heat pumps can operate between 30 and 110 degrees, all designs should allow some margin
for error.

Ti and Th represent the peaks of the arnual temperature wave. This wave is represented by Figure 18. The
formula for calculating the temperature of the undistributed soil at a depth for a given day is set out below.

Td = Tn - As { e - X(TI7365a)1/2}cos{ 2 TI/365(t-to)-r/2(365/TTall/ 2}

Td = Soil temperature on that day

Tn = Mean annual soil temperature

As = Annual soil temperature swing

¢ = Exponential logarithm

% = Depth in feet

T = Day of the year

To = Phase constant, day of minimum surface temperature
a = Thermal diffusivity of soil jft2/day)

Tn can be assumed to equal well water temperature from 2 well of 50 to 100 foot depth. It can be approximated
by adding about 2 degrees F to the mean annual air temperature. Typically, the minimum surface temperature
(To) falle within one week of February 4. The maxinum surface temperature will occur vithin about one week of
August 5. There is a phase lag with increasing depth. This lag averages about one week per foot of depth.

For complete design data, refer to "Design/Data Manual for Closed Loop Ground-Coupled Heat Pump Systems" by
J.E. Bose, published by American Society of Heating, Refrigerating and Air Conditioning Engineers, Inc., 1791
Tuellie Circle, N.E., Atlanta, GA 30329 or attend a Factory School on Water Source Heat Pumps at Bard
Manufacturing Company.

Bard Manufacturing will design the earth loop for
your if you desire, Just complete the enclosed
Worksheet, Form No. F1115 and send to:

Barth Coupled Loop System Design
Bard Manufacturing Company

P. 0. Box 607

Bryan, Ohio 43506

The information will be inputted into a computer
and a printout with various earth loop degigns
will be sent to you.
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TABLE 1 TYPICAL TRENCH, (PIPR LENGTHS) AND HOLR DEPTHS PER TON* FOR VARIOUS DESIGNS AND CLIMATES
Number of pipes in trench and vertical spacing (4' - 6' horizontal)
Northern Climate Southern {limate
4at 2", 43t 3
1at 5 2at 3", 5" [ 3", 4, 5 1até' 2atd', 6" | 4,5, 8
1-1/2" SCH.40 3408 Polyethylene | 400" (400') | 240" (480") | 168' (672") | 400" (400') | 240' (480" [ 168" (872")
3/4" SDR-11 3408 Polyethylene 460" (460") | 275" (550") | 192' 768"y | 460" (460" | 275" (550") | 192' (768")

Number of loops in wet hole.

{10 - 15" horizontal spacing)

Northern Climate OR Southern Climate
1 2
1-1/2" SCH.40 3408 Polyethylene 140" (280" 110" 220"
3/4" SDR-11 3408 Polyethylene 170" (340" 135' (2700

*Capacity of unit at local ground water temperature.

temperature in heavy soil (clay).
Contact Bard Manufacturing Company, Telephone: 419-636-1194 for additional information.
Table courtesy of Ditch Witch, The Charles Machine Works, Inc.; Perry, Oklahoma

(Table practical for 50 degree F to 70 degree F ground water

TABLE 1A

FIELD IDENTIFICATION OF INORGANIC SOIL TEXTURAL TYPES

GENERAL CHARACTERISTICS

Tertural Type

Main Fractions*

Appearance,
Dry Conditions

Rubbed Between
Fingers, Dry
Conditions

Squeezed in Palm of
Hand, Moist
Conditions at
Field Capacity

Rolled into Ribbon,
Moist Conditions

Sandy Soil

At least 851
sand particles

Crumbly with no
clods or lumps;
individual soil
grains visible to
the naked eye

Critty: soil
grains readily
felt

Can form cast;
crunbles with
least amount of
handling

Cannot form ribbon

Sandy loam soil

At least 50% eand
particles; not
mre than 20% clay

Mainly crumbly and
loose; grains
readily seen and
felt

Gritty: soil
grains readily
feit

Can form cast that
will bear careful
handling

Cannot form ribbon

Loanm soil

At least 80X sand
silt in about equal
ptoportion; not
nore than 207 clay

Mainly crumbly;
some clods or lumps

Fairly smooth but
some gritty
feeling; lumps
easily broken

Can form cast that
can be handled
freely

Cannot form ribbon

Silt loam soil

At least 50% silt;
not more than 20%
clay

Quite cloddy but
some crumbly
materials

Lumps easily
broken and easily
pulverized; there-
after floury
texture and soft
feel

Can form cast that
can be handled
freely; wet soil
runs together and
puddles

Cannat form perfect
ribbon; has broken
surface, cracks
appear

Clay loam soil

20 to WX clay

Fine-tertured soil;
quite cloddy but
some crumbly
naterial

Lumps hard; not
easily broken

Can form cast that
can be handled
freely; soil plastic

Can form perfect
ribbon but breaks
easily

Clay soil 30 to 100% clay Fine-textured soil; | Lumps very hard; Can form cast that | Can form ribbon
breaks into very difficult, if not | can be handled that will support
hard clods inpossible, to freely; soil plasticj its own weight

break

Silt soil At least 80X silt

#Based on the tertural classification of the U.5. Bureau of Public Roads,

Refer to tegt for:

shaking (dilatancy) test, shine test, dry-strength test.

Source:
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BEARDLOOR VERSIOM %5.50 REVISED 10/01/90
R R R LT R L LI EE T T T ET T I T F T R TRV IS vs v eegupeesvpnpegue. g
HARD EARTH LOOP DESIGH

SIEND T0: JOHK SMITH HEATING & COOL.ING DATE:210/5/30
WILLOW ST,
BRYAN, OHIO 43506
Job MName or MO.: ERYAM PROFFESSIONAL BUILDIMG Located in: EBRYAM, DHIO
Geographic Location used for Desiyn Data: Toledo, 0OH
SPECIAL INFORMATION: :

------- A MR R EE S S Ed AN R S E b b E S A NN E SN E S AN E e S " PN R E e BN E NN Y EE NN NY S EEE e s Eom N eE e oA

BUILLDING LOAD & LOCAL EARTH DATA
1. BYILDING Cooling Gain: &£3452 BTUH Heating Losss: S3719 HTUH

2 l.ocal Ground Water Temperature 592 F
3. S0il Type: Winter DAMF-HEAVY SOIL (CLAY) Summer DAMF-HEAVY SOIL (CLAY)
4. Annual Anticipated SO0IL Temp. Swing Deg. F= 25

S Approx. Earth Temp. Aug. 20th 67 and Feb 20th 36 © 4 FT/ Depth

LELEE PR EEL IR IR T Y VR T Vg P AV NV VR R Vv VRV VR VNV g VRV
DESIGM FOR HORIZONTAL EARTH LOOQP

LR R R R I ELEEEEL L L LT L Yy R Y L T T Y T Y E Y P R L T Y R R NV VvV RV vavI

l. FARALLEL FLUID FLOW through the Fipe System.

2. Length of PIFE for this earth loop is 28363 Ft.

3aa. 2 PIPES/STACKED IN TRENCH 2' AFART WITH EOTTOM PIFE B Ave. S Ft. Depth.

3b. Pipeds) layed in 3 Loop(s) 787 Ft long each.
4, Length of TRENMCH for Unit 1211 Ft.
S. PE SCH 40 & IN. RRPipe 1.049 I.D.

G. FE SCH 40 1-1/2 IN. Pipe Headers 60 Ft length.

LR EE L ISR I 2 S L T R T T Y O Y R S R RV PR v e
23 REQUIRED BARD EQUIFMENWYT FOR SYSTEM ((¢

Use WATER SOURCE HEAT PUMP MODEL (S): WPV&E2A, WPVDE2A DR WPVERE -w

With 4 KW OF Resistance Electric Heat. 15 KW is requited for 100X bpackup.

Operating Liquid Temp. Range is 30 F. to 110 F. @ 13 GFM fluid flow rate.

Ferfarmance at average Local Earth Temp. of %2 F.is: HEATING 53500 RBTUH

3.036 COPF, COOLING 6&3500 BTUH 13.3& EER

Max. & Min. Anticipated Loop Fluid Temperatures during NORMAL Operation:

COOLING &4 FLUID TEMF. Unit Cap., 55419 EBTUH 9.481302 EER

HEATING 30 FLUID TEmMF. Unit Cap. 37000 BTUH 2.77 CoOp

AT NN WA T TN T IE I W0 T BTN 3B OO 63 DN BB DG I 36 B C BB DG 3 96 96 06 6 0 36 0% 3% 90 M6 36 36 3% %

CIRCULATION FPUMP and ANTI-FREEZE DATA

1. Select a Circulation pump that will pump a minimum of 13

GRFM fluid flow rate at a 54.94982 Ft.Hd. (see rManual 2100~093)

Tptal System Pressure Loss (AS DESIGMED ABOVE) is S4.947%82 Ft.Hd., at a 13

gallon per minute fluid flow rate (see following).

WSHP coil= 33,392 Ft.Hd. + 25Ft. of 1 in. connection hose=x J3.%16652

Ft.Hd. + pipe header= 1.1178 Ft.Hd. + Earth pipe loop= 16&.7233& Ft.Hd.

2. For 18F. Freeze Protection add 25 GALLONS OF PROPYLENE GLYCOL

Total gallowns of fluid in Loop System above is: 116 Gals.

ffor more information about circulation pump sizing, anti~freeze or before instal

~ling %¥his 2arth loop system read BHARD MAMUAL 2100-099!

HHHHHHHHBHEHHHHHHEHHHHHEHH AR HHAHHEHHBHHHHAHHHHHEBHHHHHBHH A RHHEHH AR HE

DESIGN OM THIS PAGE IS APPLICABLE ONLY TD BARD HEAT FUMPS.

THIS INMFORMATION 18 KASED ON THE LATEST THEORIES AMD FERFORMAMCE DATA AVALLAKLE

AND IS SUEBJECT TO CHANGE WITHOUT NOTICE AS ADVANCES IN TECHNOLOGY ARE MADE.

HHHHHHHHHAHHHHHAHHH B HHRHHAHHHHHBHUBHA R HH AR HE BRI RN BB HE
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V. INSTALLATION OF THE EARTH COUPLED GROUND HEAT EXCHANGER
¥ THIS SBCTION--Site Plan, Installation Equipment, and Pipe Installation Considerations.

Installation of the ground heat exchanger will for most persons involve a new skill or trade. As the industry
develops, it appears that a new trade is being formed, that is, the notion of a loop installer whose primary
purpose is to install, pressure test, and connect it to the residence. In this way, the HVAC person sees two
water lines or taps that can be connected to the heat pump as specified by the manufacturer, distributor, or
dealer. The loop contractor in many cases is responsible for final grading and restoration. In any case, the
person responsible for the overall project must be identified to the customer.

SITE PLAN

The site plan is a location description of the buried underground utilities that serve a given area. Two
things are for certain:

1. Memories fail and utility lines seem to move underground with time and
2. Installation costs go up dramatically as the number of services are cut or severed,

Fiqure 21 has sone of the types of services that need to be identified by locator services that are available
in most areas. The location description and sketch should include:

1. The location of all buried utilities. [Locator services for electrical, telephone, and gas service are
available and can usually be found in the local telephone book. These services are generally at no cost to
the homeowner or contractor,

2. The location of the ground heat exchanger should be established from two permanent points in case of future
ercavat ions.

The owner should be consulted to determine if:

1. Special areas are to avoided. Trees, shrubs, and garc.as that are not to be disturbed should be
identified.

2. Acceptable locations for entry and erit of heavy equipment. Be cautious, they may not know the limits of
their drivevay. The contractor is generally liable! A lightweight machine with large flotation tires can
reduce pavement and yard loads. Machine with four-wheel steer can maneuver in crowded locationms.

3. Services like underground water sprinklers may not be known or easily identified by the contractor. Ask
the owner to uncover these buried systems or agree in writing in advance that the contractor is not liable.

INSTALLATION EQUIPMENT

Chain trenchers, bulldozers, backhoes, and vibratory plows are used to bury borizontal ground heat exchangers.
The economic choice of which machine to uge depends on local site conditions and the competition situation.
Gemerally speaking, the machine which moves the least amount of soil will be the most cost productive. Figure
22 describes the various machines that have been used to bury horizontal ground heat exchangers.

CHAIN TRENCHERS--In many cases, trenchers are the most econemic choice since the amount of soil or dirt removed
is minimal when compared to other methods, and tremching productivity is uswally much higher than that of a
backhoe, Systems are now being developed which allow the automatic placement and backfilling of multiple pipes
in a single trench simultaneously. A trailing vibrator and the addition of water to form a slurry has
increased productivity significantly for the multiple pipe system. Trench widths are about 6 inches with
depths to 7 feet for 65 horsepower trenchers. The most common size chain trencher is in the depth range of 3
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to 5 feet.

A 6 foot boom costs about 5 percent of the cost of a trencher.

greatly ceduce trench length and the area required for a horizontal buried pipe systen.

FIGURE 21
LOCATION DESCRIPTION OF UNDERGRCUND UTILITIES
COURTESY 0F OKLAAOMA STATE UNIVERSITY
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Multiple pipes in the trench

BULLDOZERS--Method A using a bulldozer would only be appropriate if the soil had been removed for some other
purpose or if ekcavation for a large header system were required,

In larger installations in Burope, track type machines have been used to plew in horizontal ground heat
erchangers and backfill around the pipe in a continuous operation. The backfill process consists of a hopper
and chute arrangement which places the material in the immediate pipe area.

FIGURR 22

FOUR BASIC INSTALLATION TECHNIQUES
COURTESY OF ORLAHOMA STATE UNIVERSITY

UETHOD B. EXCAVATION WITH BACKHOR

Eﬁ‘@%

METHOD C. EXCAVATION WITH VERATORY PLOW

LD

METHOD D. EXCAVATE WITH CHAIN EXCAVATON
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BACKBOES--Backhoes (Method B) have been used where there is a presence of rocks, cobbles, or boulders which are
too large or too hard to be resoved by a chain trencher. Backhoes have also been used where more than one pipe
is placed in a single trench either stacked vertically (such as 1 x 2) or multiple pipes placed horizontally in
several layers (2 x 3). NOTE: The nomenclature 1 ® 2 defines a pipe system of 1 level or layer and 2 pipes.

A system of three pipes at 2 levels or layers would be denoted as 2 ® 3. The backhoe may also be used to open
the site from the foundation to the ground heat exchanger, The soil removed by a backhoe tends to be lumpy and
can leave air pockets around the pipes greatly reducing the heat transfer.

YIBRATORY PLOWS--Vibratory plows are commonly used at depths not greater than 3 feet. To facilitate rapid
burial, a vibrator or vibratory plow is used to improve the speed of placement and reduce the size of machine.
Loose or unstable soils are also amenable to this type of pipe piacement and they work better than a chain
trencher in glacial till. The shallow depth results in larger seasonal soil temperature swings and longer

lengths of pipe.

DRILLING MACHINES--Drilling is required to install vertical loops. Two applicable technigues for boring holes
are: {(A) mud and air rotary drills, and (B} standard augur or hoilow-stem augur drilling. Bering holes for
earth loop inserting and boring holes in order to find and produce water wells are two completely different
tasks. The ground heat exchanger application is much simpler. Since the objective is to install a specified
length of heat erchanger in a vertical confiquration, it is not important to reach a given depth at a
particular site. [f 600 feet of bore hole is required, two 300 foot vertical bore holes are acceptable and may
be more cost effective. Soil and rock conditions will determine drill rates and consequently determine an
economic borehole depth. Since ground temperatures fluctuate near the surface, hole depths greater than 50
feet are normally recormended. However, the 50 foot depth is not a minimum value. Some general quidelines are
as follows:

1. Soil moisture and temperature stability generally increase with depth which favors the deeper holes.

2. Fewer holes mean less connections at the surface which can be a time saver, also less surface area
required.

3. If "pany” holes are drilled, several boreholes may need to be comnected in series before tieing back to the
nain header. Too many parallel flow paths can result in low flow and reduced performance of the ground
heat exchanget.

4, If hard rock layers are encountered, it may be more profitable to move and repeat the process.

5. Extensive hard rock in a drilling service area can easily justify a down-hole hammer or the use of a rock
quatry drilling contractor with a top-hole hammer.

6. Vertical loops using 3/4 inch or 1 inch pipe and a cloge U-bend requite only a 3 - 4" hole, This smaller
drilling system needs less mud flow, a smaller and less expensive bit, smaller mud pans, a smaller mud
punp, and results in less wear and tear on the mud pump. In many cases, this will result in lower drilling
costs.

The borehole does naot need to be cased for performance reasons, [t may need to be cased if the soil is
unstable or a formation presents a probien due to lost circulation during drilling. The borehole must only
remain open long enough to insert the ground heat exchanger. Most of these problems can be controlled by
proper mud formuiation and use. Drilling rates are faster than water well drilling which generally requires
sampling and casing. Well completion procedures are not requited which greatly reduces time and cost.

In md or air rotary drilling, the drill rig rotates the drill pipe and sends either high pressure fluid {air,
vater, or mud) down the inside of the drill pipe to lubricate and cool the bit and to bring the cuttings back
to the surface along the outside of the drill string. In rotary mud drilling, removed soil or earth is
collected in a mud pan to be replaced in the hole or removed from the job site if necessary. Driiling mud
{bentonite or fluid additives} are added to the mud to control its viscosity and to prevent a number of
drilling problems. If the drill cuttings are of a high density, the drilling fluid viscosity must be increased
to carry the cuttings to the surface. The mud must also be dense enough to support the borehole wall if the
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surrounding soil is unstable or be mixed to form a clay deposit on the wall of the hole if the mud tries to
lake through the wall of the hole into a porous formation. The preper mud mix can also prevent swelling. A
less dense mud may be required to keep mud from migrating through surrounding porous formations.

In ertreme cases of unstable soils, drill pipe with large inside diameters are used which allow loops with
U-bends to be inserted inside the drill string before its removal. The drill bit in this case has a Knockout
point which allows the U-bend and loop to remain in the bore hole while the drill string is removed.

In hollow-sten augur drilling, the drill rig rotates a hollow augur with cutting teeth and a temporary point at
the bottom. The drilling operation may be completely dry and hence clean at the surface. ¥ost of the cuttings
are brought to the surface but some of them are simpty pushed into the walls and compacted in place. The
hotlow auqur essentially serves as a casing in the hole as it is drilled. When a hole is conpleted, the point
at the bottom of the augur is pulled, the ground heat exchanger is inserted, and then the hollow augur is
palled or screwed out. In some designs, a disposable bit point is used which allows a weight on a rope to be
used to "kmock out™ the disposable point. Augur drilling is applicable in a limited number of different soils
and can present some serious problems in clay or adhesive soils or rock. In moist soils, augur drilling is
slower than rotary wud or air drilling.

PIPE INSTALLATION CONSIDERATIONS

Congistently successful plastic pipe installations for ground heat exchanger applications are the resuit of
good planning, the use of suitable materials and equipment, and close attention to the correct procedures.

Time spent in careful planning will substantially reduce the time and cost of the installation.
The following factors should be considered during planning:
1. Depth of trench as influenced by climate, soil type, and size of trencher available.

2. Length of trench as influenced by the area available, the heating and cooling load, the number of pipes in
the trench, type of seil, and moisture content of soil.

3. Depth and number of vertical holes, if used, as influenced by the area available, obstruction, the heating
and cooling load, and soil and rock types.

4. Trench pattern as influenced by above and below ground obstructions, ground slope, trenching turn radius
limitations, backfilling and restoration requirements. (Be sure all buried conductors are located and
narked).

5. Type and size of trenching chain, as influenced by type of soil and rock, depth of trench, and size of
trencher.

6. Type of plastic pipe. Use of high quality polyethylene or polybutylene. BEVC is not acceptable in either
heat transfer characteristics or strength.

Several factors to be considered regarding the trenching phase in order to minimize problems are time and cost.

1. A combination of narrow chain, correct teeth, 4-wheel steering for maneuverability, 4-wheel drive for good
traction, good backfilling capability with a 6-way blade, and high enough horsepower to finish most jobs in
one day, will minimize expensive interruptions and complications due to weather and variations in soil
conditions.

2. Remove rocks left in the bottom of the trench to eliminate damage to the pipe. Use long-handied tongs.

3. A backhoe attachment with a 12 inch bucket may be needed to dig out large rocks and dig access hole at the
building.
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The

¥here murky or sandy conditions cause caving, use a pipe guide mounted on the trenching hoom to quide the
pipe down to the bottom of the trench as it is dug.

Two by six (2 R 6) boards inserted in previously dug trenches and wedged will prevent dirt from an
intersecting trench from having to be removed from the previous Lrench, FPlace a piece of plywood over the

near length of the previously dug trench.

pipe installation phase can be accemplished as this trenching proceeds. Be sure that the following

procedures are followed:

1.

The

3.

Ingpect the trench to insure that rocks are removed. Also remove rocks from the edge of the trench and
from the top of the spoils pile so they will not fall in with the 4 - 6 inch of fines or sand that are
first put in the trench to support and cover the pipe for protection,

Inspect the pipe as it is laid out beside the trench for cuts, kinks, or other damage,
Wake all joints while the pipe is laying beside the trench and test with 40 psi air pressure and soap.

Joints must be mechanically strong enough to force the pipe to absorb the stress and strain of the length
expansion and contraction caused by the temperature changes in the circulated water. Pipe ends should be
extra long and not cut for attaching the end fittings until the rest of the pipe has reached soil
temperature in the trench.

Carefully lower the pipe into the trench after the bottom has been again checked for rocks and the fines
smoothed.

If the soil is a heavy clay in very dry climates, it may shrink away from the pipe as it dries when heated
during the summer coaling cycle operation of the heat pump. Use a sand fill around the pipe or a subsoil
drip irrigation line buried a few inches above the pipe. The sand will crumbie to maintain contact with
the pipe. Add water with a drip line when in-out water temperature indicates reduced heat tramsfer through
the pipe to the soil.

backfilling is critical and its successful completion depends on the following good procedures.

If the rocks have been removed from the edge of the trench and the top of the spoils pile and the dirt has
not formed clods due to rain, an experienced trencher operator can angle-blade the top of the spoils pile

into the trench on the first pass. A worker should follow closely and tamp the fine by hand and make sure
no rocks fall in.

Several more passes with the angle blade should be used to make the backfilling as uniform as possible and
to prevent bridging.

Several stages of tamping and rolling over with the trencher wheels may be necessary to complete the job.

Additional considerations are required when closed vertical loops are used in limited site areas.

1.

S0IL CONDITIONS--These will determine whether the auqur, recirculating mud, or down-hole hammer method is
used. It will also determine the type of drill bit and whether a mud additive is required.

The depth and number of holes for vertical loops depends on the heating and cooling ioad, the drilling
rate, the site area, soil and rock types, and meisture level.

Bach loop should be assembled, laid out straight, taped to reduce springback friction, and carefully tested
for leaks and flow before the hole is drilled so that it can be lowered into the hole before it can cave in
or the mud can settle to the bottom of the hole. The hole should be 5 - 10 feet deeper than the length of
the loop to accommodate empansion of the loop. Fill the loop with water prior to insertion. If the hole
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is to be grouted in place, it should be fi]led with water and pressured to a level that will prevent the
pipe from being crushed by the denser backfill material.

Taping short lengths of scrap steel rebar on the end of the pipe loop will hole the loop end straight and
offset buoyancy of the plastic to make insertion easier and faster.

Test the loops after they are connected with 40 PSI air or water.

If the water table is low, pea gravel and a broad grade sand should be filled in around the pipes above the
water table so that good thermal contact can be maintained at all times.

The hole can be filled with grout, if required, using a small plastic discharge pipe ingerted with the
loop,
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INSTALLATION CHECKLIST

BURIED PIPR SYSTEM DESIGN

Heat pump sized :

Water pump pressure, GPM, specified

Type, diareter, length of pipe

Type of joint specified

Clipnate, zone location

Designed heating and cooling lead specified
Soil moisture and type specified

Reat pump COP* specified (*Coefficient of Performance}
Pipe depth specified

Need for sand or drip system specified
Backfilling specified

{Other)

PLANNING

Buried pipe system design completed

Pipe and fittings as specified on layout are on hand

Flagging of eristing buried conduit and WSHP pipe route is scheduied

Soil and rock characteristics have been determined

Size and type machine is scheduled. Tlarger trencher can complete job faster if weather is Iimiting factor
Alligator chain with Tungsten carbide mining teeth scheduled for installation, if needed
Backhoe scheduled for installation, if needed

Pipe, fitting, clamps, fusion machine scheduled

Testing puep, reservoir, valve gauge assembly scheduled with correct size fittings for pipe
Sand scheduled, if needed

Buried drip irrigation pipe scheduled if seasonal soil moisture control desired

(Other)

TRENCEING

Is job site flagged for buried conduits and WSHP pipe route

Alligater chain with Tungsten carbide mining teeth for frozen soil and rock

Feed chute for unstable soils

Backhoe for access holes, large rocks

Tongs, narrow hoes for removing loose rocks. Shovels, including long handle and narrow
Fuel, oil, grease qun, tools, fuel filter cartridge, tire gauge, trailer spare

Water hose

Brtension cord, trouble light, flood light, flashiight

Boards, plywood strips for intersecting trenches, claw hammer, nails

(Other?

PIPE INSTALLATION AND TESTING

Cotrect size, length, and type of pipe. DO NOT USR PYC PIPR

Fittings, fusion machine, heavy extension cord

Pipe cutter

Type 300 stainless steel clamps. MWake sure screws are not plated steel

Torque wrench for clamps

High pressure water pump with reservoir, valves, gauges, correct fittings for pipe
Anti-freeze

Sand, if needed

Buried drip irrigation pipe, if needed

(Other)

COMPLIMENTS OF DITCH WITCH

kys



VI. THE CIRCULATION SYSTEM DESIGN

Equipnent room piping design is based on years of erperience with earth coupled heat pump systems. The design
elininates most causes of system failure,

Surprisingly, the heat pump itself is rarely the cause. Most problems occur because designers and installers
forget that a closed loop earth coupled heat pump system is NOT like a household piumbing system.

Most household water systems have more than enough water pressure either from the well pump or the municipal
water system to overcome the pressure or head loss in 1/2 inch or 3/4 inch household plumbing. A closed loop
earth coupled heat pump system, however, is separated from the pressure of the household supply and relies on a
small, low wattage pump to circulate the water and antifreeze solution through the earth coupling, heat pump
and equipment room components.

The small circulator keeps the operating costs of the system to a minimun. However, the performance of the
circulator NUST be closely matched with the pressure or head loss of the entire system in order to provide the
required flow through the heat pump. Insufficient flow through the heat exchanger is one of the most common
causes of systen failure. Proper system piping design and circulator selection will eliminate this problem.

FIGURE 23
Bard supplies a worksheet to CLOSED [OOP EQUIPMENT ROCM PIPING
simplify head loss calculations DRAWING COMPLIMENTS OF OKLAHOMA STATE UNIVERSITY
and circulator selection. Refer
to "Circulating Pump Worksheet” G
seckion, SUPPLY AIR

Two general rethods are used to
pipe the vater circuit in the

equiprent roon. The first and
easiest to use is to install a

pusp podule. This module comes <:| RETURN AIR
complete vith connecting hose and

heat pump adapters available from
nodule manufacturers. A second
rethod is to "site build™ the

piping at the installation. 9 N

B

To move the transfer fluid (water
or propylene glycol and water /‘8 3
sofution) through the earth loop 2

system and the water source heat

pusp, some type of circulation 2\®

NN

system is required. Design of 7
circulation system must inciude 000 o @ = 5
provigions for the following (see — : I
Figure 23): 4 7
1. Selection of a circelation
pusp or pumps for total
systen_ Water In Water Out
2. Providing air bleed off before Earth Loop  Earth Loop
gtart-up running. ‘
3. Providing for flow menitoring. NOTB: All indoor piping must be plastic if calcium chloride
4. Positive pressure control and antifreeze is used.
liniting. NOTE: The expansion and contraction of earth leop piping will
5. MAntifreeze charging cause a 50 to 60 psig water pressure change in system
capability. between summer to winter.
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The components for a circulation system are (see Figure 23):

1.

Circulating Pumps are engineered for each individual system to provide the correct water flow and overcome
the friction loss of the system piping. Isolation flanges or ball valves to insulate pump from system are
recuired on punp. You need to be able to remove the pump frem piping without losing the transfer fluid
for repairs if ever required. Stainless steel pump body required for use with calcium chloride
antifreeze. *

*Deternining pressure drop and selecting a circulation pump or pumps. It is very important in selecting
the circulating pump that a very accurate pressure drop calculation be made because final pressure drop at
the selected pump pust pump against will to determine the actual flow rate (GPM) that is delivered to the
water source heat pump, the pumping cost and efficiency of the entire system.

Ball Yalve and Flange

Barb X MIiP Brass Adapter

Brass Test Plugs--In order to start up and troubleshoot a closed loop system properly, water in and water
out temperatures at the heat pump must be monitored. A test plug is installed on one leg of each
connection line. A probe thermometer can be temporarily inserted, the temperature monitored and the
therrometer removed, Use one thermometer to monitor these temperatures. Using two different thermometers
to measure the temperature differential can introduce large measurement errors.

Bard X Insert Brass Adapter

Two Boiler Drains are located on both sides of the circulator for final filling, air purqging and
antifreeze addition.

The top drain should be the highest point in the equipment room piping. This will help purge air out of the
system during final filling at start up.

1.

8.

9,

10.

PE or PB pipe to fit transition.
One inch reinforced flexible hose
90 deqree street ell (brass)

Flov Meter (Bard part No. 8603-012)--On water-in side to monitor water fiow.

HEAT PUMP CONNECTIONS

The units have various female conmections. To keep head losses small, all piping and components in the
circulating pump are one inch, The transition from one inch will be made at the heat pump.

Be sure to use a back-up wrench when installing the adapters to the heat pump.

PIPING CONNECTIONS

Up to 25 feet of reinforced flemible hose is used. Cut hoses to the desired lengths and install with as few
bends as possible. Close bends increase pipe head loss so any bends should be as wide as possible. Use the
clamps to secure hoses in position.
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CIRCULATING PUMP WORKSHEET

1. Find the Bard heat pump model used in Table 2. MODEL
2. Enter water coil head loss (Table 2): ft. kd,
3. Continue across Table 2 to find GPM flow required for this heat pump. CPM
4. Count each elbow, tee, teducer, air scoop, flowmeter, etc., as 3 feet of pipe
equivalent. Add the equivalent feet of pipe to the actual feet of pipe used. The
total length is used to determine the piping heat loss below.
Pipe Type No. Blbows, Tees Equiv. Ft. Actual Pipe Total Pipe
and Size Devices, Btc * %3 Of Pipe Used Length
%3
k3
%3
%3
%3
*If the pipe is bent at a 2 foot radius or larger, DO NOT figure the curve as an e[bow.
5. PIPING HEAD LOSS for different types of pipe at GPM flow rate of water source heat
pump. MNOTB: For parallel earth loop system, figure for only one loop.
Pipe Type Total Pipe Piping** Head
and Size Length Loss (Table 3}
{ - 1000 = ft. hd.
{ - 100 = ft. hd.
{ - 100 = ft. hd.
( - 100 = ft. hd.
{ - 100) - ft. hd.
*+Por a parallel earth loops, divide the heat pump GPM (line 3} by number of loops to
deternine flow rate throwgh each individual loop to select piping head loss. SUBTGTAL ft. hd.
6. Multiply SUBTOTAL by multiplier {see Table 5) to obtain TOTAL
HEAD LOSS POR SYSTEM using antifreeze solution. TOTAL HEAD 1OSS ft. hd,
7. PUMP SELBCTION: Use Table 4 and flow rate, (line 3). Select the pump output
which is larger or equal to the TOTAL HEAD LOSS FOR SYSTEM (line 5 or 6). Circulating Pump Model No, Pumps

[t the TOTAL HEAD LOSS calculated in line 6 is greater than the pump outputs listed in Table 4, go to the pump manufacturer's

pecformance curves and find the required GPM flow for the heat pump. Pump performances are listed for each pump model at

different flow rates,

Series pump performance is simply a TOTAL OF THE INDIVIDUAL PUMP PERFORMANCES. If one pump can overcome 10 feet of heat

loss, two can overcome 20 feet of head loss, three can overcome 30 feet of head loss, etc.

Aeaxt  REMEMBER: UNDER NO CIRCUMSTANCES MIX DIFFERENT PUMP SIZES WHEN USING PUMPS IN SERIES. *###+
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TABLE 2 WATER COIL PRESSURE DROP TABLE 3 MINIMUM FLOW IN PIPE FOR TURBULANCE (GPM:*
20% Propylene
WOS30A WOS36A WOS42A WPV62B Calcium iGlycol Methanol
Model WPVI0R WPY36B Model WEYH3B Nominal Pipe |Water at|Chloride|20% 202
] Feet Head Feet Head GPM | Feet Head Feet Head Size (Pipe 1D)[40 deq F|25 deq F|25 deg F |25 deg F
4 4.6 4.4 ] 5.8 5.8 PE (SDR-11}
5 6.9 4.6 7 1.4 8.1 34" (0.8 1 1.1 2.3 3.4 2.4
6 10.0 5.5 8 9.2 10.4 " (1.077)| 1.3 2.9 4.4 il
7 13.1 5.9 9 12.0 12.9 1-1/4" (1,385 1.7 3.6 5.5 3.9
8 17.3 9.0 10 15.0 5.5 1-1/2" (1.554)) 1.9 4.1 6.3 4.4
9 21.9 12.7 11 17.8 18.5 2" (1,943 2.4 5.2 7.9 5.5
10 27.7 17.5 12 20.8 21.5 PE (SCH 40}
11 3.1 24.0 13 24.2 24.7 /4" (0.824)} 1.0 2.2 32 2.3
12 40.6 3.3 14 211 28.4 1" (1.049)| 1.3 2.8 4.2 3.0
13 46.8 41.5 1-1/47 (1.380)| 1.7 37 5.6 3.9
1-1/2" (1.6l 2.0 4.3 6.5 4.6
TABLE 4 SELECTION QF CIRCULATION PUMP OR PUMPS 2" (2,067 2.5 5.5 8.4 5.9
Pupp |Grundfos* [No of Water Flow Rate Required in G.P.M. PB{SDR-17, IPS)
Output|Purp ModelsiPumps| 4 5 6 8 10 12 13 1-1/2" (1.676)) 2.1 4.5 6.8 4.8
{Feet | UP43-75F 1 | 245 24 235123 22 21 20.5 2" {2.095)] 2.8 5.6 8.5 5.9
of UP26-64F 1 | 225(21.,5)|20.5]19 17.5 | 16 15 PR(SDR-13.5,CT&)
Head) | UP26-64F 2 45 43 41 38 35 3z 30 1" (0.951)| 1.2 2.5 3.9 2.7
] UP26-96F 1 ] 265|126 25 225120 18 16.5 1-174" (1.17TD] 1.4 3.1 4.1 4.9
GPM @ { UP26-96F 2 |53 52 50 45 40 36 kK| i-1/2" (1.385)) 1.7 3.7 5.6 3.9
Top Of | UP26-99F 1 }30.5]|3 29 28 27 25 24 2" (1.811) 2.2 4.8 1.3 5.1
Column| UP26-99F 2 |6l 60 58 56 54 50 48 | *For each separate loop.

*Other models of circulation pumps may be used,

panufacturer's specifications

Consult the

NCTE: When selecting pipe size for parallel flow, it is

necessary to maintain turbulent flow in the earth

coil for heat transfer,

minimum flows for turbulence.

The table above lists the

TABLR 5 PIPING FEET OF HEAD LOSS AT DIFFERENT FLOW RATES PER 100 FEET
Pipe Size G.P.M. FLOW RATE
and Material DI 1 2 3 4 5 6 8 10 12 14

Connection Hose 1" 1,050 * * * 1.33 {1.95 [2.68 {443 |653 893 |11.77
PYC /4" - 200 PSI * * * 3.1 5.7 * * * * *
PVC 1" - 200 PSI * * * 1.0 1.9 2.1 4,2 6.3 8.9 11.8
Copper _3/4" . * * 4.3 6.3 * * * * *
Copper 17 ol * * 1.5 1.9 2.1 £.5 6.9 9.6 12.8
PE3408 (Polyethylene) DI

1. SpR-11 /4 0.860 a1 [ 1.03 {207 [ 3.4 |5.03 * * * * *

2. SDR-11 1 1.071 11 (036 |07 [1.18 [1.73 |2.38 |3.92 * * *

3. SDR-11 1-1/4 1.358 * 0.12 | 0.24 {039 |058 079 |1.31 [1.93 |2.65 |3.47

4, SDR-11 1-1/2 1,564 t * 0.13 |0.21 {031 {042 069 |1.02 {1.40 | 1.8

5. SDR-11 2 1.943 b * * 0.07 j0.11 |0.15 |0.24 0.3 |048 |0.63

6. SCH 40 /4 0.824 | 0.38 1.26 | 2.54 4.18 | 6.16 | B.46 4 * * *

7. SCH 40 1 1.049 | 0.12 | 0.40 | 0.81 1.33 1.96 | 2.69 | 4.45 * * *

B. SCH 40 I-1/4 1.380 * 0.11 0.22 {036 | 0.5¢ | 0.74 1.21 1.79 | 2.46 | 3.21

9. S5CH 40 1-1/2 1.610 * * 0.11 0,18 | 0.26 | 035 | 0.58 | 0.8 1.18 | 1.%5
10, SCH 40 2 2.067 * * ol * 0.08 10.11 |0.18 | 0.26 |0.36 | 0.47
PR2110 (Polybutylene) DI

11. SDR-17, IPS 1-1/2 | 1.676 * * 0.09 j0.15 | 0.21 [0.29 |0.48 |0.71 [0.98 |1.:8
12, SDR-17, IPS i 2.0% * * * 0.05 | 0.07 |00 |0.17 25 | 0.3 | 0.44
13. SDR-13.5, Cts 1 0.957 { 0,19 | 0.62 | 1.25 |2.06 |[3.03 | 416 * * * *
14. SDR-13.5, Cts 1-1/4 | 1.1T1 b 0.2¢ | 0.48 [0.79 | 1.17 | 1.60 | 2.64 * * *
15. SDR-13.5, Cts 1-1/2 [ 1.385 b 0.11 0.22 |03 053 |0.72 [1.19 |1.76 |2.41 | 3.2
16, SDR-13.5, Cts 2 1.811 ' * 0.06 [0.10 |0.15 |0.20 |0.33 49 [0.68 |0.88
WOTES: 1. These head losses are for water at 40 degrees F temperature.

2. Count each elbow, tee, reducer, air scoop, flow meter, etc., as 3 feet of equivalent pipe length
and add to actual measured pipe length for total length.
3. To adjust the total earth loop piping head loss for other antifreezes and water solutions at
25 degrees ¥, multiply pressure loss on line 6 for water by:
Propylene Glycol - 1.36, Calciun Chloride - 1.23, Methanol Alcohol - 1.25




PRESSURE DROP CALCULATIONS TO SELECT CIRCULATION PUMP

Transfer fluid requirements for closed-iocop, earth-coupled heat pump systems varies with fluid temperature and
heat pump size. To determine the circulation pump size requirement, the system flow rate requirements (GPM for
heat pump used) and total system pressure drop in feet of head loss. From these two pieces of information a
circulation pump can be selected from the pump nanufacturer's performance curves,

The fluid (vater) flow rate and water coil pressure drop are found in the manufacturer's heat pump
specifications or Table 2 for Bard water source heat pumps. The head loss for different pipe materials and
sizes per 100 feet are found in Table 5 of this section and a quick pump selection table for flow rates that
natch Bard water source heat pumps are in Table 4 of this section,

Fallowing are two examples of how to determine the head loss of earth loops. First example will be a series
harizontal system and the second example will be a parallel vertical system.

EXANPLE 1:
A. Series horizontal system. E. 20 feet 1 inch copper pipe connecting earth loop
B. Bard WPV36B water source heat pump to be used. to water source heat pump.
C. Reat pump water flow requirements is 5 GPM with a F. The circulation pumping system lay out to be
4.6 foot head loss (see Table ), similar to Figure 16,
D. Earth Ioop 1200 feet 1-1/2" SDR 17 polybutylene
pipe. CIRCULATING PUMP WORKSHEET
1. Find tbe Bard heat pump wodel uged :» Table 2. MODEL WPY36E
2. 3nter water coil head logs (Table 2): 4.6 ft. hd.

3. Continue acrose Table I to find GPM flow required for this heat pamp. 5 GFM

4. Count each eltow, tee, reducer, s1r zcoop, [loweeter, etc., a5 2 feet o pipe
equivalent. Add the squivalent feet of pipe to the actual feet of pipe used. The

total lenqgth is used to determine the piping heat loss below.
Pipe Type do. Elbows, Tees Equiv. Ft.  hctoal Pipe  Total Pipe
g Size Devices, Btc * x3 _Of Pipe Used Length
L Coppar 0 K3 1] Fit) L]
1-1/2" Fp_SORI1 one L] None 1200 1200
x3
x3
X3

*]{ the pipe 15 bent at a 2 foot radjus or larger, DO WOT {igure the curve iz an elbow.

5. PIPING ERAD LOSS for different typer of pipe at GFM flow rate of water source heat
pexp. WOTE: For paralle! earth loop system, [igure for only one loop.

Pipe Type Total Fipe Piping** Head
and Size _ Length Loze (Table 3)
I"Coper (80 1 100 1.9 - 1.52 i M,
1-1/2°_FB SDRI1 (1200 10 0.2} - 2.52 it. .
g T - ft. bd.
( 2100 - ft. hd.
{ < 1om - ft. hd.
“*For a parailel earth loope, divide the heat punp GPM {11ne 3) by number of loope Lo
determine flov rate through each individual loop to select piping head loax. SURTOTAL | 8 b it bd
6. Multiply SUBTOTAL by wultiplier (see Tabie 5' o obtain TOTAL
HEAD LOSS FOR SYSTEX using antifreere solction. TOTAL EBBAD 1OSS | 11.75 ft, hd.
7, PMP SELECTION: Use Table 4 2nd {jow rate, {line 3}, Select the pump outpat 24 - 64 !
which iv Jarger or amal to the TOTAL EEBAD LOSS FOR SYSTEM (line 5 or 6}, Circulating Pusp Mode! Ko, Pumps

1f the TUTAL EEAD LOSS calculated in lime 6 1z greater than the puwp outpute listed 1n Tabie 4, go to the pump mmufacturer's
performance curves and {ind the required GPM flov for the heat posp.  Pusp performances are listed for each pump model at
different {low rates.

Series puwp performance it siaply a TOTAL OF TEE INDIVIDUAL PUMP PERPORMAMCES. If one fusp can overcome 10 (set of hest
loss, two can overcowe 20 feet of hemd 1085, three can overcome 3 feet of heed joEs, etc.

es04t REMEMMER: UMDER WD CIRCUMSTANCES MIX DIPFERENT PMP SIZES WHER USING PUMPS [N SERIES. **#e+ F1125-890
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EXAMPLE 2:

Given:

A. VYertical systen.

B. Bard WPY53A water source heat pump.

C. Heat pump water flov requirements are 10 GPM with
a 15 foot head loss (see Tables 2 and 3).

D. Heat pump connected to circulation pump module and
earth coil with 25 feet of 1 inch I.D. connection
hose,

E. Pressure drop through flow meter and connections
to coil of water source heat pump ! inch copper.

B. Three loops (U-bends) with 373 feet pipe each.

Loops are 3/4 inch SDR-11 polyethylene pipe.

Flow rate through each loop will be 1/3 of total
flow through total earth loop system because there
are three loops and each one will have an equal
share of the total flow rate.

10 GPM - 3 = 3.3 GPM per loop

240 feet of 1-1/2 inch SDR-1] polyethylene pipe
headers.

CIRCULATING PUMP WORKSHEET

1. Find tha Bard heat puap model used in Tabie 2. mMIDEL WPYS3A
t. Enker water coil head loss (Tabie 2): 15 L. hd.
3. Continue across Table 2 Lo {ind GPM flow required for this heat pusp. _ 10 GTN
4. Count each elbow, tee, reducer, Alt gcoop, fiowmeler, etc., ar 3 feet of pips
eqivaient. Add the equivalent feet of pipe to the actual feel of pipe used. The
total {emth i used to determine the piping heat loss beior.
Fipe Trpe Mo, Rlhows, Tees Bpuv. Ft.  hctual Pipe  Total Pipe
and Site Devices, Bte * 23 _Of Pipe Uned Length
1°_Bowe M [} ) 5 i3
1" Cogper 14 n3 ] i0 52
EB SDR-11_M ¢ 4 n3 12 m 185
PR SOR-11 B-3/2" ) L] ] 0 4
x3
*1[ the pipe i# bent at 2 2 foot radius or larger, DO MOT [iqure the curve as an elbov.
5. PIPIMG HEAD LOSS fot different types of pipe at GPN [low rate of vater source heat
prep.  WOTE:  For parallel earth loop syatem, {iqure for only one loop,
Pipe Type Tatal Pipe Fiping** Head
aod Site Length Loag (Table 1)
17 Bowe i35 s+ jom 6,5 - 1.83 ft. nd,
1" Copper {2 towom a0 - .59 (L. .
P 5DR-11 374" {385 o 1.01 - Ly ft. bd.
PR OSDR-11 1-1427 1 264 & lam 1.02 - _2,89 ft. hd.
{ HE (] - ft. bd
**For 2 parallel earth loops, divide the heat pusp GPH (line 3) by nusber of loops to
determine [low rate throwgh pach {ndividual loop to select piping hexd loms. SURTOTAL ; 30.88 ft. .
6. Maltiply SWTOTAL by maltiplinr (ees Tsble 5) to obtain TOTAL
TEAD LOSS PR STSTEN using ant|[reezs mnlution. TOTAL BEAD LOSS | 42.0 [t. hd.
1. PUMP SELECTION: Use Table 4 and flow rate, iline 3). Select the pump cutput W - % 1
vhich {o larger or equal to Lthe TOTAL ARAD LOSS POR STSTEM (iine S or 6). Circelating Pusp Model No. Pumpe

1 the TOTAL REND LOSS calculated 1m Line 6 is greater tham the pump cutputy llsted in Tabie 4, 9o Lo the pump nanutacturer's
perfornance curves snd [ind the recquired GPM [low for the hmat punp. Pusp per(orsances are iisted for sach pamp mode] at

different flov rates.

Series prwp performence iE sisply 3 TOTAL OF TR INDIVIDVAL PUMP PERFORMANCES. [F one pup can overcome 10 [eet of heat
loge, tvo can ovetcome 20 feet of head omx, three can overcome X feet of head loss, #ic.

press RENEMRER: WDER WD CTRCIMSTANCES MiX DIFFERENT FUNP 517ES WHEN US[NG PUNES TH SERIES. *+ot* E1125-8%0
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FIGURE 27

CLOSE HEADER SYSTEM

SUPPLY

11/2 X 3/4 BR

— IYFE OR &11/2'

BI:U | l3/4 3/4

ﬂ:ﬂu
RETURN a/4

-—§ vz | [y——3
T
F 00 -—{
P
— w N
atl- F . [ w
~ 4 4 ™\
[COOP LENGTHS| FLOW
(1 _(gpm) 200
400 3.08 }‘ | —1
440 2.95 pb—20' 20—
440 2.95
Head{Excluding
Headers}) = 2,62 ft
\_/ \_/ \_/ 1
REVERSE RETUAN NOT REQUIRED
NTS
FIGURE 28 SPACED HEADER WITH REVERSE RETURN
100’ |'
9 GPM
3 6 5)
9 GPM _
NTS
I 60’ 200'
wriviapaiinies ] GPM
HEADERS: 11/2' — § GPM
LOOPS: 3/4 3 GPM

Drawings courtesy of Oklahoma State University.
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FIGURE 29
LAYOUT AND DETAILS OF A TYPICAL CL/GS HEAT PUMP SYSTEM

SINGLE UNKT INSTALLATION

1) mtegral Ball Flange Valve Located
on Pump Mount Allows Flushing of 4
Earth Heat Exchanger with Blocked
Flow through Heat Pump

2) Flow Meter or Preasurs Ports Are
Required to Monitor Heat Pump
Parformance

3) Fwsverse Aeturn on Headers

[ PRI S A e Ty e gy & L sy

EARTH COIL DEPTH ga_?r?r&g R
{BELOW FROST ZONE) ‘ 90° ELBOW
&Q———9——x  |SEPARATE IF POSSIBLE /_
HoPe | \—1 v2" HOPE, SDA-11 OR
BELL AEDUCER ala” Hope 1 V2 PB, CTS, SDR 1.5
! ‘“-oa hd 506!"40 ® Circulating Pump
- v PB. CTS, Y
PB R‘EBL:FI:(E_ELL SDR 13.5 Charging and Flushing Valvey
:I!J-RBE%N_Ig © Flow Sensing Ports
BELL REDUCER Note:
1127 X1 e 1. Design the system a0 that all air can be
=== HEADERS removed by purging (see Section 7).
— LOOPS 2. Expansion tank may be required on large of
muitiple-unit systems.
FiGURE 36
PUMP MODULE AND HOOKIP
HEAT MULTI-VALVE PUMP KIT
PUMP « ISOLATION OF HEAT PUMP AND
{ GROUND HEX DURING INSTAL-
R LATION

= PUMP REPLACEMENT WITHOUT
GROUND HEX PURGING

-
|
_}'\pump MODULE

FEATURES
« RESERYOIR FOR AIR
TRAPPING

+ PURGE VALYES FOR

——————f  PUMP MODULE\_
r
}
}
[
|
SERVICING I
|

4+ HOSE CONNECTION
(BARBED FITTING}

4 PRESSURE/TEMPERATURE
SENSING PORTS HOSE

th SHUT-OFF VALVE
(®) CIRCULATION PUMP

B8 TRANSITION ADAPTER
PLASTIC/THREAD
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FIGURE 31
MULTIPLE UNIT TNSTALLATION

NOTE:

1) Note Location of Check Valves
for Preventing Short Circuiting

e 2) Integral Ball Flange Valve Located
4 on Pump Mount Allows Fiushing of
Earth Heat Exchanger with Biocked
Flow -Through Heat Pump

FIGURE 32
PRESSURE AND TEMPERATURE SENSING ADAPTER AND COMPOMENTS

(THERMOMETER -~ PRESSURE

- GAUGE HEAT PUMP \
40 N

SERVICE CAP
= 1" PETE'S PORT
[ /— WATER—
SELF (In & Out)
SEALING T MPT-\
\J

! / ~
1" HOSE BARB

BACKUP RING —""

Drawings courtesy of Oklahoma State University.
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VII. FREEZE PROTECTION

ANTIFREEZE SOLUTIONS--Emcept in the very most southern climates, an antifreeze solution will be required to
prevent freezing in the heat pump heat exchanger. The choices are as follows:

1. Salts--Calcium Chloride and Sedium Chloride
2. Glycols--Ethylene and Propylene
3. Alcohols--Methyl, Isopropyl, and Ethyl

The selection of an earth coil circulation fluid is based upon the following:

Safety (toricity and flammability)

Freezing point

Beat transfer characteristics (primarily thermal conductivity and viscosity)
Frictional pressure drop and pumping requirements (primarily viscosity)
Cost (initial charge, makeup and inhibitor costs)

Corrosiveness

Physical and chemical compatibility with all system components

Availability of product in local market area

Base of transporting and storing

Long life

QD 3 = O U e WD

—

The earth coil circulation fluid freezing point is particularly important and determines the solute
concentration in the citculation fluid that is required for freeze protection of the evaporator of the heat
purp. The coldest expected evaporator erit temperature of the earth coil circulation fluid during heating
opetation determines the required freezing point of the circulation fluid. The refrigerant temperature in the
evaporator runs approximately 10 degrees F lower than the exit water temperature, therefore, it is necessary to
provide freeze protection for the mininum operating evaporator refrigerant temperature.

Generally speaking, the salts are safe, non toxic, have good heat tramsfer characteristics, are low cost, have
long life but are corrosive in the presence of air and most metals. The major drawback of the salts in their
corrosive nature and theit cleanup problems when spilled. One very strong point is that they are considered
non toxic and environmentally safe. With proper metal component selection and air purging of the system, they
can and have been used successfully. In northern climates where heat pump loop operating temperatures go as
low as 30 degrees F, calcium chloride and methanol has been used.

Glycols are safe, are considered toric, are generally non corrosive, have fair heat transfer characteristic,
are nedium cost and with a finite life. For low temperature operation, the giycols can become viscous
requiring greater pumping power and, therefore, reduce the heat pump system efficiency.

Improperly handled, alcohols are not safe (burn and explode when mixed with air), are toxic, are relatively non
corrogsive, with fair heat tramsfer characteristics, are medium cost, and have long life. Their major drawbacks
are their emplosive and toxic behavior. Diluting the alcohol solution before taking them on site reduces the
explosive risk somewhat. Alcohols are non corrosive which makes their use very popular. Their application has
been in both the northern and southern climates.

CAUTION: Many anti corrosion inhibitors are toxic and care must be taken to prevent a non toxic antifreeze
solution from becoming toxic after the solution is inmhibited.

METAL COMPONENTS--The metal components in the system must be compatible with the cl/gc circulating fluid. The
components that must be carefully selected are:

1. Circulation pump and pump flanges

Z. All metal piping
3. Sensing ports

43



4. Any metal components in contact with the circulating fluid

Depending on the antifreeze selected, the metals chosen for the system must be carefufly selected. The
dealer's recommendation must be carefully followed,

Antifreeze solution used in earth loop systems must be non toxic and non corrosive. MNon toxic in case there is
a leak in the loop system so the qround water will not be contaminated and non corrosive to protect the metal
components used in the circulation pumps and other system components,

To determine the amount of antifreeze to be added to the water in the earth loop, calculate the approximate
volume of water in the system by using the following table which gives the gallons of water per 100 feet of

pipe.

TABLE 6

Pipe Nominal Galions Per
Materiai Pipe Size | 100' of Pipe
Polyethylene

SDR-11 KL 3.02
SDR-11 1 473
SDR-11 1-1/4 7.52
SDR-11 1-1/2 9.85
SDR-11 2 15.40
SCH 40 3/4 2.1
58 40 1 4.49
SCH 40 1-1/4 1.71
SCH 40 1-1/2 10.58
SCH 40 2 17.43
Polybutylene

SDR-17 1P§ 1-1/2 11.46
SDR-17 1PS Z 17.91
SDR-13.5 €IS i 3.74
SDR-13.5 €TS 1-1/4 5.59
SDR-13,5 CTS i-1/2 7.83
SDR-13.5 CTS 2 13.38
Copper 1 4.3

Md two gallons for equipment room devices and heat pump.
PROPYLENE GLYCOL

Propylene glycol solution is lower in tomicity, can offer low corrosivity, low volatility, and low flammability
hazard. However, propylene glycel is more costly and yields more viscous solutions, Propylene giycol
solutions may be considered for use down te about 15 degrees F. Use of propylene glycol solutions below 15
deqgrees F offers eacess viscosity which, in turn, yields excessively high frictional pressure drops and
excessively low heat transfer coefficients.

The 15 degrees F temperature is definitely the paximum lower limit for closed loop systems. A more reascnable
lower 1imit threshold would be a marimum 25 percent mixture by volume and operating above 30 degrees F. Lower
operating temperatures and/or higher concentrations of propylene glycol are not ecomomical when you consider
the energy required to pump the fluid and maintain turbulent flow under those conditions.
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In order to obtain good heat transfer within the buried pipe system, the calculated Reynrolds number shonid not
fall below 2500 for the coldest exit fluid temperature from the heat pump.

The quality of the water used to prepare glycol selutiens is important. The water should be "soft” and have a
low concentration of chleride and sulfate ions. Glycol inhibitor is commonly added by the manufacturer.
Glycol solutions normally have a plH of 8.8 to 9.2. Glycol solutions having pH that falls below 7.5 should be
replaced. Addition of inhibitor cannot restore the solution. Indiscriminate mixing of differently inhibited
solutions should be avoided uniess the solutions are known to be compatible,

Never use chromite treatment because it will result in rapid buildup of sludge, Glycel solutions, even though
inhibited, do not have an indefinite service life and should be checked yeariy. Spent glycol solution should
be removed from the system and replaced with fresh glycol solution.

Where the ground water at 100 foot depth is less than or equal to 60 degrees F, a 20 percent by volume solutien
of propytene glycol is required. The percentage of antifreeze depends on geographical location. A 20 percent
by volume solution of propylene glycol is required for 18 degrees F freere protection.

Example: For 100 gallons of water in system, 20 gallons of propyiene glycol is required.
Two short pieces of hose, a bucket and a small submersible pump are needed to add the antifreeze.

Block the system by closing a ball valve. Blocking flow prevents the antifreeze from being pumped into one
boiler drain and out the other.

Attach hoses to the boiler drains. Run the uppermost hose to drain, Connect the other hose to the submersible
purp in the bucket. Put full strength propylene glycol into the bucket and pump in the amount needed to give
the required percentage by volume. When the required amount has been pumped in, turn off the pump, close the
boiler drains, and disconnect the hoses and open the isolation flange or gate valve.

CALCIUM CHLORIDE

Calciun chloride brines are the second lowest cost brines, next to sodium chleride brines. Calcium chloride
brines have been used to as low as -30 degrees F; however, thermal and flew characteristics deteriorate rapidly
below -5 degrees F.

Calcium chloride is marketed in flake, solid, and solution forms. The flake form is used most extensively and
is available as Type 1 which is 77 mininum weight calcium chloride and Type 2 which is 94 mininum weight
percent calcium chioride.

Both of the salt brines previously discussed can cause considerable corrosion problems. Reqular momitoring and
naintenance are necessary. Seclusion of the brines from oxygen and carbon dioxide helps prevent corrosion;
however, closed system such as the earth coil still tend to have corrosion. Strangely enough, diluted
solutions tend to be more cortosive than concentrated solutions. Corrosion is best controlled by minimizing
contact with air and maintaining pH between 7.5 and 8.0. Acidic, neutral, or strongly alkaline brines tend to
be most corrosive.

Sodium dichromate inhibitor is generally considered to be the most rconomical and most effective means of
combating corrosion with salt brines. Sodium dichromate comes as orange crystals that are readily dissolved in
varm vater. Sodiun dichromate dissolves very slowly in cold water and should never be put into 2 brine tank in
crystal form. Dissolve dichromate crystals in warm water and add resulting solution to the brine.

If you elect to use the salt brine solutions, the following points have been observed in systems that have
successfully operated in this environment for long periods of time with little or no difficulty.

During system startup, all air must be purged or removed, Fluid velocities greater than 2 feet per second must
be achieved during the charging, purging and startup operation in order to accomplish this objective.
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Air traps at the end of headers and manifolds must be eliminated.
Metal components with high zinc contact nust be eliminated. This inciudes circulation pumps, fittings and
valves, This can partially be accomplished in the design process by reducing the number of metal components in

the system.

Alloys that are high in zinc content should be avoided and substituted with 300 and 400 series stainless steel,
copper-nickel or other more noble (cathodic) materials,

Copper-nickel heat exchangers are more likely to survive the salt brine environment than standard copper heat
exchangers.

The materials are listed in order of most desirable to least desirable from a corrosion resistance standpoint:

1. 300 series stainless steel 6. Brasses

2. 400 series stainless steel 7. Active stainless steel
3. Copper nickel alloys 8. Cast iron

4. Bronzes 9, Steel

5. Copper 10.  Aluminum

A 20 percent by weight solution calcium chloride and water may also be used as an antifreeze in the earth
coupled system, [t is also non toxic, a better heat, conductor and less expensive than propylene glycol.
Bowever, it is very corrosive. Multiply the gallons of water in the earth laop system by 1.4841 to find the
pounds of 94 - 97 percent pure calcium chloride required for 18 degrees F freeze protection.

METHYL ALCOHOL (METHANOL)

Methyl alcohol, sometimes referred to as methanmol, wood alcohol and carbinol has been widely used as an
antifreeze. Methanol water offers low cost, low corrosivity, low viscosity, and good thermal conductivity.
Methanol water offers relatively low frictional pressure drops and relatively high heat transfer coefficients.
Methanol, however, offers the disadvantages of high volatility, high flammability, and high togicity. Pure
methanol has a flash point of 54 degrees F to 60 degrees F, while a 30 percent methanol in water solution bas a
flash point of 75 degrees F. These flash points are poor. A 19.4]1 percent by volume solution will have a
freezing point of 15 degrees F.

VIII. SYSTEM START UP

Once the ground water source heat pump system is completely installed, the final step is to start the system
and check for proper operation, The proper sequence on startup is to begin with the water side of the system,
then proceed to the air side.

FLUSH THR SYSTEM PIPING--DO NOT conmect the water lines from the earth coupled loop to the unit before the
water lines have been flushed. Flushing will rerove any debris and air that may be trapped in the piping, If
vater is circulated through the unit without first flushing the water Ioop piping, the heat pump unit may be
damaged. Therefore, follow this procedure carefully before conmecting to the unit.

When an earth coupled system, connect the piping to flushing rig (Figure 33) that can be easily constructed
from a 55 gailon drum, 1 hp water pump, and some relatively inexpensive piping. Fill the earth coupling as
mich as possible then hook one side of the earth coupling to the pump and return the other side of the earth
coupling to the top of the barrel. Fill the barrel and turn on the pump. The barrel must be kept at least
halt full of water to avoid sucking air into the systen.
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When the proper flushing connections have been made, check to be sure all accessible fittings are secure and
tight and any valves in the line are open. Start the pump and let the water circulate for at least 20 - 30
ninutes. This will allow enough time for any entrained air or debris to be purged from the system. Hith an
earth coupled system, check for possible leaks in the loop by establishing 50 PSIG water pressure in the line
and checking the gauge after 15 minutes. [f there are no leaks in the line, the pressure will not drop. If
the pressure in the line falls by more than 5 PSIG, it may be necessary to dig holes at the coupling locatinns
to check for loose or failed couplings. With all ground water systems, c™ack carefuliy for any visible signs
of water leakage before digging or horing down to any coupling locations. [f visible leakage is found, correct
the problem and retest the system. If no visible signs of leakage exist and the piping system is losing more
than 5 PSIG in 15 minutes, then proceed to locate the source of the leakage. Remember, for proper system
operation, there can be no leakage in the water loop.

FLOW RATE (GEM) REQUIRED FOR DEBRIS
FLUSHING AND AIR PURGING TO GIVE AN
TABLE 7  AVERAGE VELOCITY OF 2 EPS IN PIPE

Neminal Pipe Pipe ID | Flow Rate
Size (Inches) (Inches) {GPM)
Polyethylene, SCH40
1 3/4 0.860 4.3
2 1 1.077 5.7
3 1-1/4 1.358 3.0
4 1-1/2 1.554 1.8
5 2 1,943 18.4
Polyethylene, SDR-11
6 4 0.824 33
7 1 1.049 5.4
8 1-1/4 1.380 9.3
9 1-1/2 1,610 12.7
10 2 2,067 20.9
Polybutylene, SDR-17, IPS
11 1-1/2 1.676 13.8
12 2 2.09% 21.5
Polybutylene, SDR-13.5, CTS
13 1 0.957 4.5
14 1-1/4 1.171 6.7
15 1-1/2 1.385 9.4
16 2 1.811 16.1

BOILER DRAINS--Boiler drains are located on both sides of the circulator for fimal filling, air purging and
antifreeze addition.

The top drain should be the highest point in the equipment room piping. This will help purge air out of the
system during final filling at start up.

FLOW RATE ADJUSTMENT--When the earth loop has been completely flushed and leak tested, remove the flexible
connection from the pipe ends and hook up the supply and return limes to the appropriate connections on the
vater source heat pump, turn on the circulator pump, and let the water circulate through the system for 5
minutes. DO NOT allow the heat pump to operate yet. The proper sequence is to allow water to circulate,
adjust the flow rate, then operate the heat pump.
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FIGURE 33
PORTABLE RIG FOR FLUSHING EARTH COUPLED SYSTEMS
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If the circulator does not operate immediately, turn off the electrical power to the heat pump, close the
isolation flanges, remove the indicator plug, insert a small blade screwdriver into the motor shaft, and turn
gently until the shaft moves freely. Replace the indicator piug, open the isolatian flanges, wait a few
pinutes, then restart the pump.

The flow rate should be the desired operating flow of the model of water source heat pump being used (see
nanufacturer’s specifications). Water flow should not be less than that of the minimum flow rate required for
the nodel of water source being used. [f water flow is less than system calculations indicate, check your
calculations. If the calculations are correct, there is some trapped air or restriction in the water circuit.

PROPER PLANNING YIELDS PROBLEM-FREE GROUND-SOURCE HEAT PUMP SYSTEM

This article was first published in THE SQURCE, a newsletter from the Oklahoma State University International
Ground Source Heat Pump Association,

When the topic of ground-source system troubleshooting is broached, certain problems seem more common than
others. One situation is a system which has not been thoroughly purged of air. Another typical scenario is a
vertical system with too many bore holes,

Patlure to purge a system of air can lead to various problems. Air in a system can cortode the metallic
components in the circulating system, causing their eventual failure. Under certain circumstances, excessive
air in the system may block water flow in some branches of a parallel ground heat exchanger.

Por erample, air trapped at the tap of ane of several vertical ground heat exchanger loops may cause an air
coluan that will prevent flow through the loop. This, in turm, results in inadequate heat transfer in the
ground heat exchanger systenm.

If a fluid velocity of 2 ft/sec is maintained for 20 to 30 ninutes, the air will be removed in all cases (See
Table 7). Header designs have been created for easy air purging and debris removal.

Check Bore Holes

Too wany bore holes can also cause complications because the water or antifreeze solution is not flowing
properly through the loops, resulting in insufficient turbulence for heat trangfer. Ome symptom of this
particular problem is cold-loop water in the winter, which results in reduced heating capacity. There may be
no evidence, however, of this problem during summer, when the water in the ground heat exchanger is warm.

The formula for calculating the maximun number of bore holes is the heat pump manufacturer's recommended flow
rate divided by the minimun required flow in the pipe for turbuience.
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Wanufacturer's

recommended = Maximum
flow rate number of
Minimum flow in bore holes

pipe for turbulence

For emample, assume the heat pump manufacturer's recommended flow rate was 18 gpm and the minimum flow for the
selected pipe and fluid for turbulence was 3.5 gpm, then:

I8 GPM
3.5 BPM/loop =  5.14

When the division yields an uneven number, always round down. Rounding down 5.14 gives 5, the makirum number
of bore holes the system can have and maintain adequate fluid turbulence for good beat transfer. By properly
calculating the magimun number of bore holes in this way, future system problens can be alleviated.

Too much antifreeze can also cause poor heat transfer in the ground heat exchanger. The minimum flow rate is
different for each type of fluid. Determine if the minimun flow rate exists in all fluid paths for the
specific fluid chosen (See Table 3). If not, select a new piping arrangement that gives higher flow in all
paths.

When such problems occur, make sure all air is purged from the system. Also check the antifreeze levels.
Finally, an additional circuiating pump nay be necessary to ensure the minimum flow rate exists in all

loops. (4)

(4) Mr Conditioning, Heating & Refrigeration News. October 1, 1990,

RULE OF THUMB RULE OF THUMB
When using 20 percent propylene glycol antifreeze To adjust the total earth loop piping head loss for
solution, the minimum water flow rate for the other antifreezes and water solutions at 25 deg. F,
selected heat pump will need to be increased 40 nultiply pressure loss on iine 6 for water by:
percent to have the same heat transfer.
Fluid Muitiplier

Example: A 4 GEM flow would need to be increased 20 percent Propylene Glycol 1.36

to 5.6 GPM for approkimately the same 20 percent Calcium Chloride .

heat transfer properties. 20 percent Methanol Alcohol 1.25

IX. OTHER ITEMS TO BE FOLLOWED
A. Follov the Installation Instructions for the water source heat pump model being used to check the operation
of the refrigeration cycle and specifice in installation in structure. The equipment manual will also show

the electrical hookup and air flow requirements.

B. Follow the Air Conditioning Contractors of America "Manual D" for proper duct design for the air side of
the system,
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SERVICE LINES
Bury the service lines a minimum of 4 feet deep or below the frost line, whichever is deeper, across the shore
and keep then separated about 2 feet in the trench.

Follow the "Horizontal Earth Coil Installation™ imstructions for the service lines to the lake exchanger.

ANTIFREEZE

The equivalent of 25 percent propylene glycol is required.
1" Coppar

FIGURE 34
CLOSED LOOP LAKE EXCHANGER

1/4" Coppar

1" Male adapter, 1-1/2" brass
&~ insert bushing with 2 clamps

TABLE 8
Exchanger | Service Line

Beat Rxchanger | No. Of Legs | Beader Length | Flow | Read Loss | Aead Loss,
Size, Tons 20 Ft. Long In Fest GPM [n Feet Feet/100 Feet

1 3 4 3 0.20 0.11

2 6 7 b 0.55 0.24

3 9 19 9 1.4 0.712

4 12 13 12 2.8 1.23

5 15 16 15 5.0 1,9

FIGURE 35

Supply ~ Rerurn PLASTIC CLOSED LOOP LAKE EXCHANGER

:

WNMM

3501t coils End view of pipe coil

Cable tie can be bound
—""" " tightly for stability

= Secrap pipe used
| = berween layers allows
for better heat transfer

7 ft, Minimum

Mount concrele

= block using
cable ties

Bottom of Pord

Parallel Reverse-Return Pond Loop

Figure A-A shows a new idea for increasing flow through the coils simply using pieces of pipe between the
layers. This drawing is a cut-away view, looking at a dissected coil. Note that the cable tie can now be
tightened to make the coils more manageable, while the scrap pipe still allows flow through the coil.

53



EARTH COUPLED LOOP DESIGN

1) Return Design To: Date:
Street: Attn:
City and State: Zip:
Dealer/Job Name: Location:
City State
2) Geographic Location of Job (NEAREST):
SEE TABLE 10 ON BACK OF SHEET City State
3) Building or *Zone Design: COOLING LOAD: btu/h
HEATING LOAD: btu/h
*NOTE: Buildings too large for one heat pump, complete worksheet for each zone.
4) Size Heat Pump to satisfy: Cooling Load Heating Load**
HNOTE: Recommend sizing for the greater of 60 to 90 of heating load or
cooling load.
5) Local Ground Well Water Temperature: degrees F

6) Model of Bard Water Source Heat Pump to be used:

7) Provide COST OF OPERATION ESTIMATES: No Yes
If Yes, please provide local cost per kilowatt $ KW

8) Loop Configuration:

SERIES: typically 1-1/4" to 2" pipe used.

PARALLEL: typically 3/4" to 1" pipe used. ¥ of loops

HORIZONTAL: depth to bottom pipe ft.
VERTICAL: MAXIMUM depth of bore ft.
9) Anti-Freeze Solution: NONE CALCIUM CHLORIDE
PROPYLENE GLYCOL METHANOL
10) Type of Pipe to be Used: # Nominal Size:
If system requires larger or smaller pipe, 2nd choice: #

SEE TABLE 9 ON BACK OF SHEET

11) Horizontal System Configuration in Trench: See Back Of Sheet
One pipe 2 pipes: stacked 2 pipes: side/by/side
Other 4 pipes: stacked 4 pipes: stacked pairs

12) Type of Soil: Conditions in summer
Horizontal Systems:

Dry-Light Soil (Sand or Gravel) -- (grass and weeds turn brown in summer)
Damp-Light Soil (Sand or Gravel)-- (grass turns brown, weeds stay green)
Dry-Heavy 5011 (Clay) -- (grass turns brown, weeds stay green)
Damp-Heavy Soil (Clay) -- (grass and weeds stay green all summer)
Wet Soll (Saturated, swamp or marsh) -- (swamp, marsh bottoms, etc.)

Vertfcal Systems:
Damp Soil (Clay)
Wet Soil (Avg Rock)

Send or FAX to: Earth Coupled Loop System Design
Bard Manufacturing Company
P. 0. Box 607
Bryan, Ohio 43506
FAX# 419-636-2640
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TABLE 9

RECOMMENDED EARTHLOOP PIPES

Pipe Material Nominal Ons Pips
Description Size - T
1 SDR-11 3/4 o Four Pipe/Stacked
2 SDR-11 1 ‘o - =
3 SDR-11 1-1/4 MuLTIPLE P -
4 SDR-11 1-1/2 PIPES Two Pipe/Stacked i o '
PE 5 SDR-11 2 N A T T }it?oi
6  SCH 40 3/4 ol 18
7 SCH 40 1 HORIZONTAL % ™~ -
B8 SCH 40 1_1/4 TRENCH — 0! Pour Pipe/Stacked pairs
9 SCH 40 1-1/2 av
10 SCH 40 2 Two Pipe/Side-by-stde —io O::
11 SDR-17, IPS 1-1/2 T T TR of
12 SDR-17, IPS 2 P —
PB | 13 SDR-13.5, Cts | 1 io_of 2t
14 SDR-13.5, Cts 1-1/4 §2 £
15 SDR-13.5, Cts 1-1/2 NOTE: PE are poiyethylene pipes
16 SDR-13.5, Cts 2 PB are polybuthylene pipes
TABLE 10 (WT = Well Temperature)
GEOGRAPHICAL LOCATIONS OF INPUT DATA
L1 Wl WT WI
AL Birmingham 65 | KS Dodge City 57 | NV Ely 47 | SC Charleston 66
Montgomery 67 Topeka 56 Las Vegas 69 Greenville 62
Winnemucca 52 Sumpter 65
AZ Phoenix 73 | KY Louisville 60
Tucson 70 NJ Trenton 55 | SD Huron 47
LA Lake Charles 70 Rapid City 50
AR Little Rock 64 New Orleans 70 | NM Albuquerque 59
Shreveport 66 Roswell 63 | TN Bristol 59 -
CA Los Angeles 64 Knoxville 61
Merced 68 | ME Portland 48 | NY Albany 50 Memph{s 63
San Diego 64 Binghamton 48 Nashville 60
MA Plymouth 51 Niagara Falls 50
C0O Colorado Springs 51 Syracuse 50 | TX E1 Paso 66
Denver 52 | MI Battle Creek 50 Ft. Worth 68
Grand Junctfon 55 Detroit 50 | NC New Bern 65 Houston 71
Sau St. Marie 42 Greensboro 60 San Antonio 72
DC Washington 57
MN Duluth 41 | ND Bismarck 44 | UT Salt Lake City 53
FL Appalachicola 70 Int. Falls 39 Grand Forks 42
Jacksonville 71 Minneapolis 47 Williston 45 | VT Burlington 46
GA Atlanta 62 | MS Biloxi 70 | OH Akron 52 | VA Norfolk 61
Augusta 65 Columbus 65 Columbus 55 Richmond 60
Macon 67 Jackson 67 Dayton 56 Ronoke 59
Toledo 51
ID Bofse 53 | M0 Columbia 57 WA Moses Lake 53
Idaho Falls 46 Kansas City 58 | OK Altus 65 Seattle 53
Springfield 58 Oklahoma City 62 Spokane 49
IL Chicago 51 Tulsa 62
East St. Louis 57 | MT Billings 49 WV Charleston 58
Urbana 53 Great Falls 48 | OR Astoria 53 Elkins 52
Missoula 46 Medford 55
IN Fort Wayne 53 Portland 54 | WI Green Bay 46
Indianapolis 55 | NE Grand Island 52 Madison 49 .
South Bend 52 Lincoln 53 | PA Middletown 55
North Platte 51 Philadelphia 55 | WY Casper 49
IA Des Moines 52 Pittsburg 52 Cheyene 48
Sioux 51 Wilkes-Barre 52 Lander 46
Sheridan a8



