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IMPORTANT

The following Bard Water Source Heat Pumps will not
work on earth {oop systems.

WPV 30 or WPVD30
WPV 36 or WPVD36
WPV53 or WPVYDS53
WPV62 or WPVD62
WQS 30 or WQSD 30
WQS 36 or WQSD 36
WQS50 or WQSD50

For EARTH LOOP SYSTEMS use one of the following:

WPV 30A or WPVD30A
WPV 36A or WPVD36A
WPV 53A or WPVDS53A
WPV 62A or WPVDGE2A
HWP30 or HWPD 30
HWP36 or HWPD 36

Lo



The design of an earth coupied system is divided up into the
following steps,

{. Determine the structure design heating load in_Btuh loss
and design cooling foad in Btuh gain, !t is very important
that an accurate load calcufation of the structure be
done, therefore, it is recommended that "Manual J" from
ACCA or other national accepted methods be used.

{l. Seiect a watar source heat pump. When selecting a water
source heat pump for use on an earth coupled system, it
may have to operate at entering water temperatures
between 30°F to 100°F, therefore it is very important that
the minimum and maximum entering water temperatures of
the selected water source be within that range. Several
models on the market today have a much smailer operating
range such as 45% to 85° or 60° to B5° entering water
temperature. Some of those will not provide satisfactory
operation on an sarth coupled instailation.

The heating or cocling capacity of the water scurce heat
pump should be determined from the manufacturer's
specifications for the local ground water temperatures,
The water source heat pump should be sized as follows:

Heat Pumps Sized For Cooling, The sensible output
capecity of cooling equipment, should not be less than
calculated totali sensible load nor should it exceed the
caiculated sensible load by more than 25 percent. The
corresponding latent capacity should not be less than the
calculated totai latent load, The equipment sensible and
latent capacities shouid ba determined from the
manufacturers cataioged performance data. Catalog
performance should be verified at the local ground water
temperature and indoor design conditions expecied on a
design day.

Heat pumps which are sizred for heating only should not
be less than 75 percent nor mare than 115 percent of the
caiculated total heating load. (Auxiliary heat should be
sized to make up for any deficieicy in ocutput when the
heat pump unit is undersized.} Emergency hsat may be
required in some locations.

Heat pumps which provide heating and cooling shall be
sized to the cooling requirements specified above, In this
case the thermal balanca point will be limited by the
design cooling requirement but, if a lower thermal balance
point s desired, heat pumps may be oversized far
sansible cooling by up to 25 percent. Auxiliary heat
shouid be sized to make up for the difference between the
design heating icad and the heat pump output on a design
day. Emergency heat may also be required in some
locations, 3

1tl. Selection of type earth coil and materials to be used.

EARTH COUPLED SYSTEMS--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 wallis of the pipe. Earth
coupied systems are used in areas where insufficient
ground water is available, or where it is impractical to
drifl a wail, The piping may be buried in either a verticai
or a harizontal configuration,

When designing an earth coupled system, particular
attention must be paid to balsncing the system between
the heat pump unit and the earth coupled loop. In a
balanced system, the earth coupied loop will remove alt of
the heat enargy transferred to the water by the heat
pump (cooiing cycte), and will provide all of the heat
energy to the water that tha heat pump unit is capable of
absorbing (heating cycie). The net result of a perfectly
balanced system is that the change in water temperature
through the heat pump is offset by an equai 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°F, then the loop
must cause a corresponding drop of 15°F,

1:2,3 uranual J by Air Conditioning Contractors of America,
1981 Edition, p. 44.

A word of caution is required here. Although tha earth
coupled loop is designed for a balanced rise and fail in water
temperature, suggesting that the net average loop water
lemperature remaing constant, because the ground temperature
may vary *15°F from season to season, the locp water
temperature may vary *20°F from the balance point
temperature. This is because the ground is able to overcool
the loop water in wintar, and may undercoe! in summer.
Because of this, the temperature of the water entering the
water source heat pump unit may drop below 30°F in winter or
rise above 100°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
soyrce heat pump operating ranges). The temperature ranges
are established to protect both the heat pump unit and the
water loop piping. Furthermore, these temperaiuyre ranges are
based on water oniy passing through the system. The low
temperature limit of 20°F in a water source heat pump unit is
established to protect the loop water from freezing. Again,
this low limit presumes that water only flows through the
system. If, however, water is mixed with a non-toxic
antifreeze solution, the entering water temperatuyre can be
allowed to fall to 30°F.

HEAT PUMP:

Use only a water source heat pump that can be operated on
loop temperatures well below 40°F down to 15°F. Information on
when to use an antifreeze solution in a ground coupled water
source heat pump system is contasined in the following
discussions on vertical and horizontal conflgurations.

PIPE:

Use polybutylene (PB) or polyethyiena (PE) pipe for horizontal
coily, wvaertical U-baend walis and for service lines to the wells
and lake exchangers. IPS PB pipe is used with insert fittings
and clamps. CTS PB pipe is fused together with appropriste
fittings using a fusion tool. PE pipe is heat butt fused with
appropriate fittings using a fusion tool.

CLEANLINESS:

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

PRESSURE TESTING:

Plastic pipe assemblias should be pressure tested at twice the
anticipated system operating pressure prior to backfliling.
Normai static equipment room pressure is 50 psig.

BACKFILL:

Narrow trenches made with a chain trencher can bae backfllled
with the tailings provided no sharp rocks are present.

Wider backhoed trenches can be backfllled with the excavated
material provided it Is in loose granular form. if the material
conteins clumps of clay or rocks, the plastic pipe must be
covered first with sand befors filling in with clumps and
rocks.

Drilled boreholes of 8-6 Inches in diameter are common for
vertical geothermal wells. Backfill may be any granular material
not containing sharp rocks. This includes tha 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
featuras or mark tha outline of an entire serpentine earth coil.



AS-BUILT PLANS:

Esrth coupling features should be drawn on a site plan as
installed if possible, to aid in the location of key components.
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 tabie on tha plans.

Reasons for using an earth coupled system.

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

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

1. Because the water circulates through a ssaled <losed-ioop
of high strength piastic 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 verticai borsholes through which water flows in plastic
pips. A distinct advantage of a vertical system over a
horizontal system is that the vertical system requires less
surface ares {acremage}. In areas where the ambient
groundwater (average weil water) temperature is less than
60°F, the use of an antifreeze solution, such as propylene
glycol, to avoid freezing the loop is recommended. {Figures i,
land 3) .

Boreholes are drilled 5% to 6" in dlameter for 1-1/2* diameter
pipe. For 3/4" diameter pipe loop systems, the vertical loops
are connected in parailel to a 1-1/2" diameter pipe header, A
borehwle of 3" to 4" in diametar is used for 3/4° diameter
loops, this lowers drilling cost. The 3/4" diameter pipe also
costs less per ton of heat pump capacity. The smailer 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 usuaily betwean 80 and 180 feat.

The besic components of a vertical earth coupled system are
detailed in Figure 1. Each borehole contains a double length of
pipe with a U-band fitting at the bottom. Muitiple boreholes
may ba 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
servica (connecting) lines must be cemented closed to prevent
surface water contamination of an acquifer in accordance with
iocal heaith 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" CTS or IPS polybutylene or polyethylene pipe is
commonly used in § to 6 inch bore holes, {P5 PB pipe is used
with insert fittings and clamps. Turn the clamps so that they
face inward and will not bhe chaffed by the weil bora. Tape the
clamped section of the U-bend with duct tape to provide added
protection to the clamps while the pipe is being instalied into
the well.

CTS P8 pipe is heat fused together with fittings. PE pipe is
heat fused together with butt joints.

STIFFENER:

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

FiLL AND PRESSURE TEST:

Fill with water and pressura test before lowering the U-bend
intc a well bore. When drilling with air, a bore can be
completed that contains no water. If unfilled plastic pipe |s
lowersd into the bore, it will be crushed as the hole slowiy
fitls.

MULTIPLE WELLS:

Muitipie 100" wells connected In series are tha easiest to drill
and install in most areas. It wiil be difficuit to sink water
filled plastic U-bends into mud filled holes over 15¢° deep
without waights. Wells are ganarally spaced i0 feet apart in
residential systems.

SERVICE LINES:

Follow the guidelines for the horizontal earth coil when
installing the service llnes 10 and from the U-bend well.

PARALLEL U-BEND

A paraltel U-bend wall esrth coupling is one in which the
watar flows out through one header, is divided equally, and
flows simuitansously down two or more U-bands. it then
returns (o the othar header. Headers are reverse return
plumbed so that equal length U-bends have equal flow rates.
Langths of individual parailel U-bends must be within t0% of
each ather to insure equal flow in each weil,

PIPE:

1-1/2* CTS polybutylene or polyathylene pips is used for the
headers with 1" or 3/4" pipe used for the U-bends. 4* bore
holes are sufficient for placement of 1“ U-bends,

Foliaw "Series U-band Well” instructions on:

STIFFENER

FILL & PRESSURE TEST
MULTIPLE WELLS
SERVICE LINES
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! T Backfill With Fine Trenching
Ground ' Residue. Na Sharp Rocks.

Level Eibow-Ooubie Clamp
or Fused

p ‘:ﬁ/‘—'“'
¥ Clay Graut or
) y Concrete Plug

Granular Packing

Clamp or Fusad
Close U-Band Fiiling

FIGURE 3. Verticai Earth Coupled Borehoie & Piping

HORIZONTAL. A horizontal earth coupled system is similar to a
vertical system in that water circulatas through underground
piping. However, the piping in this system is buried in a
trench, {Figures 7, & and 9).

PIPE DEPTHS

NORTHERN
ZONE
Jh. S

SOUTHERN
ZONE
4ft. o6,

Pipe depths in the Northern Zone should ba 3 to 5 feet.
Excessive depth will reduce the ability of the sun io recharge
the heat used in winter.

Pipe depths in the Southern Zona should be 8 to & feet, so
that the high temperature of the soil in late summer time will
not seriously affect system performanca.

Antifreaze will be nacessary in tha Northarn Zone to prevent
freazing of the circuisted water and to allow the system to
gain capacity and efficiancy, by wusing the large amount of
heat released when the water containad in the soil is frozen.
Antifreeze solutions used is a non-toxic
or Calcium Chiorida.

Propyliene Glycol

Tha use of muitiple pipas in a trench reduces towl tranch
length substantiaily. If a doubie layer of pipe is laid in the
tranch (Figura &), then the two layars should be et two feet
apart to minimiza thermal interference. Example: A 1-1/2"
sarias horizontal system with pipes at 5 feat and 3 feet. After
ingtalling first pipe at 5 feet depth, partially backfill ta 1 fesnt
depth using a depth gauge stick befors instaliing second pipe.
With the raturn lina running closest to the surface and the
supply line running below it, This arrangement will maximize
the ovarall system efficiency by providing warmer water in
heating mode and colder water for cooling moda. Connect pipe
ands to heat pump after the pipe temperatura has stabilizad,
sc that shrinkage will not pull pipe loase.

Two pipes in the same trench, cne above the other, saparatad -
by two feet of earth require a trench 60 percent as long as 3
single pipe. Tha total !ength of pipe would be 120 percent as
long as a singis pipe dus to the heal transfer effoct between
the pipes.

In addition, when laying a double layer of pipe, be careful to
avoid kinks when making the return bend [(see Figure 5J.
Backfill the trench by hand when changing direction. If it is
necessary lo join two pipes together in the trench, usea the
fusion technique or {PS308 stainless steal or brass fittings for
greater strength and durability, then mark fitting locatians far
future reference by inserting a steel rod just below grade [see
Figure 6). The stesi rod enables the use of a metal detector to
find joints in pipe.
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5 1 ¢ Grade
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SINGLE LAYER DESIGN  ald ~f— Earth Backnn
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= Earth Backmm
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' DOUBLE LAYER DESIGN

Not less than
3 feet

-

P
~

O4—= Earth Coil Lina

}
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¥

FIGURE 4
Horizontal Earth Coupled

2 feel
Minimum

17
>
’ #Earlh Colt Line

Tranches can be !ocited closer togethar If pipe in the previous
trench can be tested and covered hefore the naxt trench is
startad. This also makes backfilling easiar. Four to five feet
spacing is goed.

Pipa Separstion in the Trench

in those areas with dry climates and heavy clay so0il, heat
dissipated inw tha soil may reduce the tharmal conductivity of
the soil significantly. In such cases, the designar may specify
agditional feet of pipe par ton of capacity. A few inches of
sand may also ba put in with the pipe, or a drip irrigation
pripn buried with tha top pipe to add occasional small amounts
of water,

FICURE 5,
SECTION VIEW

o 7

Machine Backnir
Remainder

o /”’.’-:// ‘.
RN {flj.misa:it:i{l;) ]

Machina Backfill //////

\\\th\’\_ \\\\\\\\\k\ s

" Bend pipa to position _\

shown using extreme
care ta avoid kinking

MARROW TRENCH RETURN BENO DETAN
SOUSLE LAYER HOMZOMTAL E[ANTH CORL

When making tha return band be caraful not to kink the pipa,
i* pipe requires a 4' diameter band.



FIGURE 6.
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CLAMP
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CLAMP INSTALLATION DETAIL
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FITTING LOCATION INDICATER DETAIL

Series horizontal earth coupiings are ones in which all the
water flows through ail of the pipe. These may be made of 1",
14" and 2" pipe either insert coupled or fused.

NARROW TRENCHES:

Narrow trenches are inatailed by trenching machires. The
trenches are ususily &" wide. Ceneraily speaking, the trencher
will requirs about 5 between trencnes. This is sufficient
spacing for horizontal earth coils.

The pipe can ba coiled intc an adjoining trench. Since the
trencher spacas the trenches about 5' apart, leoping the cail
from one trench to another will give a large enough diamater
return. The end trench shouid be backhoed to give enough
room for the large diameter band.

If the pipe is brought back in the same trench, bend the pipe
over carefuilly to avoid kinking the pipea and hand backfill the
area around the return bend (Figure 5}.

To reduce the bend radius, sibows may be used. Hawever,
keeping the number of fittings underground to a minimum may
be praferabie since the potential for lesks is reduced.

If a double layer of pipe is used, the incoming waler to the
heat pump should be from tha deepast pipe. This provides the
heat pump with tha cooiest water in summer and the warmest
in wintar.

=
WATER FLOW
-

WATER PLOW/CONNECTION SCHEMATIC
QOUNLE LATER HORIZONTAL RAATH COIL

BACKHOE TRENCHES:

If a backhoe iz used, the trench will probabiy be about -
wide. In a wida backhoed trench, two pipes may be placed
side by sids, ane on each side of the trench. The pipes in the
trench must be at least 2* apart.

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

2 FEET
MMM EXISTING
! . GAADK
o d i e y

EAATH BACKFRL

SANG FILL

HOT LESS THAM

310 4 FEEY

EARTH COIL LINES

A pit may be excavated at the end of the trench to
accommodate a 4 diameter return bend.

CXCAVATEG PIT AT LEAST
4 FEET CNEP AND LASGY
TNOWIN TG &CCEPY & FULL
CAMITER LOOF OF MPE

OVERMEAD
VIEW

— 1" WDl TRENCH

neTIOnalL 00 ik
wifK RAAROW TREMNCHE,
L

AING HEE TQ MOJITION
owE yised dxTeesd
GCANE TO WO W HR W]

WIDE TRENCH RETURAN 3END OETAIL
SINGLE OR DGUBLE LAYER
HORIZOMTAL EARTH COIL

SERVICE LINES:

The recommendations for the horizontal earth coils siso apply
for the instailation of the service 'ines to and from the U-bend
waiis and pond or [ake exchanger.

Bury the servece lines a minimum of 3 for single layer pipe, ¥
and 5 deep for double layer pipas.

tf two pipes are buried in the. same trench, kesp them 2'
apart.

A parallel horizontal earth coupling is ane in which the water
flows out through a supply hesder, is divided equally, and
flows simuitarnecusiy into two or more earth ¢oils. It then
returns to the other header. Headers are reverse return
plumbed so that equal length earth coils have squal flow rates.
Langths of individual paraile! earth coils must be within 10% of
each other to insure equal flow in each caii.

Follow "Series Horizontal Earth Coupling® instructions on
NARROW TRENCHES and BACKHOE TRENCHES.
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TABLE 1,

EARTH COUPLING CONSIDERATIONS

AREA OF CONCERN

VERTICAL SYSTEM

HORIZONTAL SYSTEM

1. LIMITATIONS

Boreholes shouid not exceed
300 feet depth

Single earth coil should not
exceed 2000 feet length

2. PIPING MATERIAL

Polybutylene or polyethylene
piping

Polybutylene or polyethylene
piping .

3. PIPE LENGTH

As required to fill and connect
boreholes with total linear
borehole depth as determined
in earth coil design section of
this manual

Sized for each application

in linear feet per heat pump
unit capacity—contact Bard
Manufacturing for
additional information

4. PIPING CONNECTIONS

If system requires more than

one borehole, then connection
can be either series or paral-
lel—if parailel, all boreholes

must be equal depth

iIf system requires more
than 2000 feet of coil,
divide into equal lengths
and connect in parailel

5. SERVICE LINES

Service lines between bore-
holes and from house to field
should be polybutylene or
polyethylene buried below the
frost line or to minimum 4
feet deep

If earth coil line(s) cannot
connect directly to heat
pump, use polybutylene
or polyethylene service
pipe buried below the
frost line or to minimum

4 feet deep

6. PIPE FITTINGS

IPS 304 stainless steel, brass
or bronze

Same as vertical

7. PIPE FITTING
LUBRICANT

Use vegetable base lubricant
only— petroleum base lubri-
cant will damage piping

Same as vertical

8. CLAMPS

300 series stainless steel worm
?ear clamps only -check care-
ully: some "all-stainless"
clamps contain 400 series

screws which corrode when
ex;laosed to some acids in the
s0i

Same as vertical

9. CLOGGING

When installing, keep soil,
sand, trash, etc. out of
pipes until connection is
made

Same as vertical

10. FLUSHING THE
SYSTEM

Before connecting to heat
pump, flush piping with
high capacity water pump
to remove debris

Same as vertical

11. SYSTEM TESTING

Before connecting to heat
pump, pipe system should
be tested under 50 PSI
water pressure

Same as vertical

11




Design of Earth Coil

The earth coil must be designed to provide a balance
between unit capacity, soil resistance and pipe resistance.

Tabia 2 shows typical trench, (pipe lengths) and hole
depths per ton of unit capacity at locali earth
temperature. f

Notice as the number of pipes in the trench or borehole
increases the totai length of the pipe increases by 20
percent for each time an additional pipe is added.
Example: 400 ft. of pipe in a horizontal system will
require 480 ft. of pipe in a horizontal system will require
480 ft. of pipe when installed in two layers in same
trench,

The vailues in the table are given for two sizes of
polyethylene pipe, there will be a small differencea in
lengths if polybuthiene pipe is used (add 5%).

To use tha table for an approximata length for cost
astimation, divide the capacity of the selected heat pump
unit, at jocal ground water temperature, for both heating
and cooling modes by 12,000, Then multiply this number
times the length of pipe, trench or borehola depth from
the table for the type of system you plan to Instail,
EXAMPLE: HWP36 at 60°F entering ground water has a
capacity of 36,800 Btuh cooling and 38,900
Btuh heating.

36,800 Btuh =
12,00

3.01 x 400 ft = 1226 feet of 14" Sch 40
polyethylene pipe required for coaling.

38,900 Btuh =
12,000

3.24 x 400 ft = 1297 feet of 1" Sch 40
polyethylene pipe required for heating.

TABLE 2.

Therefore,

approximately
polyethylene pipe is required for a horizontal earth coupled

1197

feet of 1-112"

system with one at 5 foot depth in northern climate.

This also assumes that the heating and cooling loads of the
structure are equal to the capacity of the heat pump in either

mode.

Bard Manufacturing will design the earth iocop for you if you
the enclosed waorksheet,

desire,

Just

complieate

F1115 and send to:

The information will be inputted into a computer and a printout

Earth Coupled Loop System Design
Bard Manufacturing Company

Box 607

Bryan, Qhio 43506

with various earth loop designs will be sent ta you.

PER TON* FOR VARIOUS DESIGNS AND CLIMATES.

The actual trench lengths and hole depths
significantly in your area due to soil and ciimate

TYPICAL TRENCH, (PIPE LENGTHS) AND HOLE DEPTHS

per ton of WSHP capacity may differ

variations or other conditions.

Number of pipes in trench and vertical spacing (4-&' Horizontai)

Northern Climate

Southern Climate

1at g lat 3,9 bat 2, > W, 5 1 at §' 2at¥,g 4at 3,4,8, 8
1"SCH, 40 34308 Polyethylene 400" (400°) 240" (480") 168' {672') 400" {400') 240" (480') 168" (672')
3/¥'SDR-11 3408 Polyethyiene U6 (380°) 275 (550°) 192 (768" 460" (860") 75" {550) 182' (768')

Number of foops in wet hote. {10-15' Horizontaf spacing)

Northern Climate

or Southarn Ciimata
1 2
1§"SCH. 40 3408 Polyethyiene t4g* (280Y) 110" (220%)
3/¥'SDR-11 3408 Polyethylena 170" {350') 135 (2707

‘CT a(citv of unit at local ground water temperature, (Table practical for 50°F to 70°F ground water temperature in heavy
clay).
?onticf dard Manufacturing Company, Telephone: 419-635-1194 for additional information.

Table courtesy of Ditch Witch, The Charles Machine Works, Inc.; Perry, Cklahoma.

12
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V. Tha Circulation Syatem Design

Equipment room piping design is based on years of
experience with earth coupled heat pump systems. The
design ellminates 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 plumbing system.

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

The small circulator keeps the operating cost of the
system to a minimum. However, the performance of the
circuiator MUST be closely matched with the pressure or
head loss of the entire system in order to provide the
required flow through the heat pump. insufflcient flow
through the heat exchanger is ons of the most commaon
causes of system fallure. Proper system piping design and
circulator selection will eliminate this problem.

Bard supplies a worksheet to simplify head loss
calculations and circulator selection. Refer to “Circulating
Pump Worksheet* section.

Two general methods are used to pipe the water circuit in
the equipment room. The flrst and easiest to use is to
install a pump module. This module comes complete with
connecting hose and heat pump adapters available from
module manufacturers, A second method is to "site build"
the piping at the installation.

To move the transfer fluid (water or propylene glycol and
water solution} through the earth loop system and the
water source heat pump, some type of circulation system
is required. Dasign of clrculation system must include
provisions for the following: ({See Figure 10)

1. Selection of a circulation pump or pumps for total
system.

1. Providing air bleed off before start-up and running.

3. Providing for flow monitoring.

4, Positive pressure control and limiting.

5. Antifreeze charging capability.

G SUPPLY AIR

<] RETURH AIR

2 5
000 - @&

' 8 3
2 e

The components for a circulation system are: (See Figure 10A)

1. Circulating Pumps - are engineered for each
s5ystem to provide the correct water flow and overcome the
friction loss of the system piping. Isolation flanges or ball
vaives to insutate pump from system are required on
pump. You need to be able to remove the pump from
piping without losing the transfer fluid for repairs if ever
required. Stainless steel pump body required for use
with calcium chloride antifreeze.*

*Determining pressure drop and seiecting a circulation pump
or Eum%s. Tt s wvery important in selecting the circulating
pump that a very accurate pressure drop calculation be
made because final pressure drop the selected pump must
pump against will determine the actual flow rate (GPM)
that is cdeliverec to the water source heat pump, the
pumping cost and efflciency of the entire system,

1. Ball Yalve and Flange

3. Barb X MIP Brass Adapter

4. Brass Test Plugs - In order to start up and troubleshoot a
close: oop 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 tha thermometer removed. Usa
one thermometer to monitor these temperatures, Using two
different thermometers to measure the temperature
differential can introduce large measurement errors,

5. Barb X insert brass adapter

6. Two Boiler Drains - Are located on both sides of the
circulator for final fllling, 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.

7. PE or PR pipe to fit transition,

8. 1" reinforced flexible hose,

9, 90° street eli (brass).

10. Flow Meter {Bard part number 8603-012) - on water-in side

to monitor water flow.
HEAT PUMP CONNECTIONS:
The units have various female connections. To keep head
losses small all piping and components in the circulating pump

are 1". The transision from 1" will ba mads at tha 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 flexible hose is usad., 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.

FIGURE 10A.Closad Loop Equipment
Room Plping

Drawing compilments of
Okiahoma State University

NOTE: All indoor piping must be plastic

if calcium chloride antifreeza is

e

NOTE: The sexpansion and contraction of

sarth loop piping will causs 5 50 to Water In
60 psig water pressurs change in From
system batween summer to wintar Earth Loop
oparstion.

used,

Water Out
To
Earth Locp
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1 - CIRCULATOR PUMP
2 - BALL VALVE & FLANGE

3 - GASKET
4 - HEX BOLT
5 - HEX NUT

8 - MALE ADAPTER

7 = 1" BARB X 1" MIP BRASS ADAPTER

8 - NIPPLE

9 - TEES
10 - THREADED BUSHING
11 - PETES PLUG
12 - 1" 1D. X 3/4" MPT ADAPTER

13 - C TO C SW/CK VALVE

14 - 1" BARB X 1° |.D. INSERT BRASS ADAPTER

5

- / @\\\

ﬁ@@a sem

DETAIL A

Q SUPPLY AIR

@ RETURN AIR Polybutylene may alsc be used
in place of Polyethylene pipe

shown on drawings,

0006 - 0& i ‘ /@ @\

&

LEGEND
1 - GIRCULATION PUMP
2 - BALL YALVE & FLANGE
7 - BARB X MIP BRASS ADAPTER _J J J
N
r -~

11 - PETES PLUG

14 - BARB X INSEAT BRASS ADAPTER
18 - BALL VALVE THRAEADED

18 = PE TO FIT TRANSITION

17 « FLEXIBLE HOSE

19 - 909 STREET ELL (BRASS)

20 ~ VISUAL FLOW METER \J
21 ~ SADDLE FUSION FITTING

22 - END CAP W

23 - PE 3408 PIPE

24 - pO° ELL, PE 3408
25 ~ U-BEMD PE 3408 OETAIL B

Drawings courtesy of Oklahoma State University. 14
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M 1PL

- Flow thru Heat Pump
K}

Performance

NIT INSTALLATION

1) Note Location of Check Vaives
for Preventing Short Circuiting

2) integral Bail Flange Valve located
on Pump Mount Allows Flushing of
Earth Heat Exchanger with Blocked

Flow Meter or Pressure Ports are
Required to Monitor Heat Pump

e

DETAIL

HP 1

oeu. & &

EARTH COIL DEPTH
(BELOW FROST ZONE)

xn»

22
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Drawings courtesy of Oklahoma State University,

The components for a circulation system

are:

1.

[
.

. 2 Bailer

(See Fig. 108)

Flow Meter (Bard part number 8603-812)
- on water-in side to monitor water
flow.

Alr Vent/Air Purger - will help blead
off any air trapped in the system.

Prassure Tank (Ex Trol Model Mo. 50)
- to allow for seasonal expansion and
contraction and maintain system under
preassure,

Drains - to allow filling of
3ystem and antifreeza addition.

Circulating Pumps - ars engineered for
each Individual system to provide the
correct water flow and overcome the
friction Joss of the system piping.
Isolation flanges or bail valves to
insulate pump from system are required
on pump, You need to be able to
remove the pump from piping without
losing the transfer fiuid for repairs if
ever requlred. Use stainless steel for
calcium chioride antifreeze.

Brass Test Pluﬁs -~ on both "water-in"
an water-out” lines to monitor water
temperatures. Use one thermometer to
monitor these temperatures, Using itwo
different thermometers to measure the
temperature differential introduce
large measurement errors.

can

6
Detail A
Pump Option
Water Source 5§

Heat Pump

Drain must
be trapped

Pressura Tank

‘3
(Bladder Typa)

Insulate

NOTE:

N_See

Detail A

Wavier Qut
| ! t |

1 L1 !
TEAY

NI
To Earth Loop From Earth Loop

Always use 1" piping In equipment room regardless of size
fittings on water scurce heat pump water coil,

Also use PVC

plastic pipe in equipment room when using calclum chloride

antifreeze.

Drawing compliments of
CEO Systems Inc,

FIGURE 10B. Alternata Closed Loop
Equipment Room Piping
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: CIRCULATING PUMP WORKSHEET

1. Find the Bard heat pump model used in Table 1. MODEL

2. Enter water coil head loss: (Table 1) : ft. hd.

3. Continue across Table 1 to find GPM flow required for this heat pump. GPM

&, Count ezch elbow, tee, reducer, air scoop, flowmeter, atc., as
3 FEET OF PIPE EQUIVALENT. Add the EQUIVALENT FEET OF PIPE to the
actuai feet of PIPE USED. The TOTAL LENGTH is used to determine the
PIPING HEAD LOSS below.

NOTE: For a parallel earth loop system figure for only one loop at this tima.

Pipe Type No.Elbows, Tees Equiv. Ft. Actual Pipe  Total Pipe
§ Size Devices, Etc. * of Pipe Used Length
X3 +
X3 . *
X3 +
X3 +
X3 +

*IF THE PIPE IS BENT AT A 2 FT. RADIUS OR LARGER, DO NOT FIGURE
THE CURVE AS AN ELBOW.

5. PIPING HEAD LOSS for different types of pipe at GPM flow rate of water source
heat pump, NOTE: For parailel earth loop system flgure for anly one loop,

Pipe Type Total Pipe Piping**
and Sira Length Head Loss {Table 2}
( $100) X = ' ft. hd.
( ey X _ = ft. hd,
{ 31000 X = ft. hd,
( 100 X = ft. hd.
( 3 tog) X = ft. hd,
“*For parallel earth loops divide the heat pump GPM (line 3} by number of
loops to determine flow rate through each individual loop to select
piping head loss. SUBTOTAL ft. hd.
6. Multiply SUBTOTAL by 1.3 to obtain TOTAL HEAD LOSS FOR SYSTEM
using propylene glycol antifreeza solution.
TOTAL HEAD LOSS ft. hd,
7. PUMP SELECTION: Use Table 3 and flow rate, (lire 3). Select the pump
output which is LARGER or equal to tha TOTAL HEAD LOSS FOR SYSTEM.
{line 5 or 6).
Circulating Pump Model No. Pumps

If the TOTAL HEAD LOSS caiculated in line 6 is greater than the pump outputs listed in Table 3, go to the pump manufacturer's
performance 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 a8 TOTAL OF THE INDIVIDUAL PUMP PERFORMANCES: if one pump can overcome 10 feet of
head loss, two can overcoma 20 feet of head loss, three can overcoma 30 fest of head loss, etc.

BEMEMBER: UNDER NO CIRCUMSTANCES MIX DIFFERENT PUMP SiZES WHEN USING PUMPS IN SERIEa

F1125~a84 16




TABLE 1. Water Coil Head Loss TABLE 3. Selection of Circulation Pump or Pumps
In Feet of Head and G.P.M. Required
Heat Pump Feet G.P.M, Water Flow Rate
Model of Head Flow Rate Crundfos* | No. Required in G.P.M,
Pump of
HWP30 or HWPD30 4.6 " Models | Pumps| 4 3 6 8
HWP36 or HWPD36 4.6 5 PUMP 20-42 1 11.5 1 - e
WPV30A or WPVD30A 4.6 4 OUTPUT 26-64 1 18,8 18 | 17.5] 18
WPV 36A or WPYD36A 4.6 5 (FEET OF e ; _— ” - -
WPV S3A or WPVDS53A 5.8 6 HEAD)
WPVE2A or WPVDE2A 5.8 8 0 40-75 1 23,8 [ 23,5 23 22.5
C.P.M. @ 40-73 2 47.6 47 U6 43
TOP OF 26-96 1 7.5 | 27 | 26 | 23.5
COLUMN
26-96 2 55.0 54 52 47
*Other models of circulation pumps may be used.
Consult the manufacturer's specifications.
TABLE 2. Piping Feet of Head Loss at Different Flow Rates Per 100 Feet.
G.P.M. Flow Rate
Pipe Size
and Materiai 1 1 2 23 3 34 4 5 6 8
Connection Hose 1" * * * * * " 1.714 |1.73 | 2,42 | 1,43
PYC 3/4" - 200 PSI * * * " * - 3.7 5.7 |[8.0 13.5
PYC 1" - 200 PS! * ] " * . * (1.0 |1.9 2.7 4.2
Copper 3/4" " * * " * * |83 [6.3 8.9 |15.0
Copper 1" * * - * & * {5 [1.9 |27 4.5
Polybutylena 1" SDR 13.5 .02 .30 .31 T4 |1 04 | T.36 | 1.79 | 2.71 }3.80 |6.48
" 1" SDR 13.5 . * » * . 154 * ].263 |.397 |.556 |.948
" 13" SDR 17 o | x| s » |.065 ].116 |.138 {.156 |.233 |.397
" 2 SDR 12. * * - * 1.042 * |.071 [.108 §.151 |.259
" " SDR 17 . » * * 1,027 {.023 |.037 [.55 |.078 |.133
Poiyathylena 3/4" SDR -11 .23 .62 | 1,021 1.5{2.08 | 2.7 |3.,37 |5.08 |6.93 [11.4
» 1" SDR =11 .02 .35 .51 .72 .92 1.18]1.73 |1.78 |2.38 |3,93
" 1" SCH. %0 * - .05 .07 | .09 139 1.162 |.254 §.347 1.578
" 2" SCH. 4o - * * * 1.023 [.023 |.086 |.069 |.092 |.162
MOTES: 1. These head losses are for water at 40°F temperature.
2, Count each elbow, tee, reducer, air scoop, filow meter, etc., as 3 faet
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 propylene glycol
antifreeze and water solution at 35°F, multiply the total earth loop head
loss for water by 1.3

17




PRESSURE DROP CALCULATIONS TO
SELECT CIRCULATION PUMP

Transfer fluid requirements for closed-loop, earth-coupled heat
pump systems varjes 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 bhe selected
from the pump manufacturer performance curves,

The fluid (water) flow rate and water coil pressure drop are
found in the manufacturer's heat pump specifications or Table
1 of this section for Bard water source heat pumps. The head
loss for different pipe materiais and sizes per 100 feet are
found in Tabie 1 of this section and a quick pump selection
table for flow rates that match Bard water source heat pumps
ara |n Table 3 of this section.

Following are two examples of how to determine the head loss
of earth loops, First example wili he a series horizontal system
and the second example will be a parailel vertical system.

EXAMPLE 1

Given:
A. Series horizontal system.
B. Bard HWP3& water source heat pump to be used.

C. Heat pump water flow reguirement is § GPM with a 8.6 ft.
hd. lgss [see Table 1).

D. Earth loop 1200 ft, 1-1/2" SDR15 polybutylene pipe.

E. 20 ft, 1" copper pipe connecting earth loop to water
source heat pump,

F. The circulation pumping system lay out to be similar to
Figure 10.

CIRCULATING PUMP WORKSHEET

t. Find the Berd haat puap otode wied in Tabie 1. MODEL &i w E 3&

1. Enwr wilar coll hesd loss: (Table 1}

L Conunue scrass Table [ 1o (g CPM flow requirsd for Lhis heat pump, ﬁ 1]

¥, Count esch abow, tsa, reducer. Mr scodp, fowmsiar, atc., a3
3 FEET OF PIPE EQUIVALENT. Add tha BQUIVALENT FEET OF PIPE io the
Sciual fast of PIPE USED. The TOTAL LENGTH is used 10 delermina the

MPING HEAD LOSS beiow.

NOTE: For a parsilel sarth lotp yystem figure for only one (0ap a1 Lhis time.

Pips Typs No.@lbows, Teas Equiv. Ft. Actusl Pipe
& Shs Devices, €ic. * of Plpe Usad

I"CoPPER L0 Y-
1" PE  NONE .« NowE .

1

&. Q fi. ha,

Towd Plpa
Lengun

13

x3 -
X2 -
A3 -

*IFf THE PIPE |3 BENT AT A 2 FT. RADIUS OR LARGER, DO MOT FICURE

THE CURVE A% AN ELDOCY.

5. PIPING HEAD LOSS for aifferwnt types of pipa at GPM figw rsis of water source
hast pulp. NOTE: For parailal sarth loop systam figure for only one lcop.

Mpa Typa Towl Plips ®iping+s
and Jize yangih Hesd Loss (Table 2)

"coppsr:_ 30 i m «
14°PE . 4200w x

i Fun X =

if

e B100 X

o X

**For parailal serth iwaps civide the heat pusp GPM (line 3 By rumber of
lonpa ta daterming flow rute through esch Individusi laop to select

PIping head loss.

. Muitply SUBTOTAL by 1.1 ta abliin TOTAL HEAD LOSS FOR SYSTEM

using propylwna glyco antifreeza salution.

7. PLMP SELECTIOM: Use Tabie 3 end flow rava, (line 3], Swisct the Aump
Sulput which iv LARCER or squai 1o the TOTAL HEAD LDSS FOR SYSTEM.
KO-H2

tna § or &).

TOTAL HEAD LOSS

1.5 4 o na.
229 . na

SUBTGT AL

B . na.
/ 0' q f1. hd.

GRUND FOS

Circulating Pump Mocta

If e TOTAL HEAD LOSS calcuidtad in lina & ig greaar than 1he pumg oulpuis lluled In Tabig 3, go to the pump manufec iurers

purfommance curves and flna tha requirsd GFAM flew fer the hast pump.

differsnt fiow ratas,

Pump parfomeances s Hetad for sach pump model a8

Saries pupmp performenca is simply 8 TOTAL OF THE INDIVIDUAL PUMF PERFORMANCES: if one pusip can overcoms 10 (eet of
head loss, two can overcoms 10 fest of head loss, three can gvercama 30 fast of haad ios, atc.

llEMW!EI: UMDER NO CIRCUMSTANCES MIX QIEFERENT PUMP SIZES WHEN USING PUMPS IN SERIES.

F1125-448
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EXAMPLE 2
Given:
A. Vertical system. ,F. Three loops {& tubes) with 373 ft. pipe each.
B. Bard WPV 53 water source heat pump. G. Loops are ¥/4" SDR-11 polyethylens pipe.
C. Heat pump water flow requirements are 6 GPM with a 5.8 H. Flow rate through each loop will be 1/3 of total flow
ft.hd. loss (see Table 1). through total earth loop system because there are three
loops and each one will have an equal share of the total
D. Heat pump connected to circulation pump module and flow rate.

earth coil with 25 ft. of 1" 1.D. connection hose,

6 CPM = 3 = 2 GPM Per Loop
E. Pressure drop through flow meter and air vent system

and connections to coil of water source heat pump 1"
copper,

I. 240 fy. of 1-1/2" SCH 40 polyethylene pipe headers.
CIRCULATING PUMP WORKSHEET

1. Find the Bard hest pump mecel usad I Tabis 1. MODEL vasbﬂ

1. Enwer watar call heact foss: {Tabis 1) .5:_ g Fe. hd,

3. Conunua scross Tabia | 1o find CPW flow required for this hest pump. 6 GPh

&, Count sach sibow, tes, regucer, Eir sCoop. (owmater, #1c., &8
I FEET OF PIPE EQUIVALENT. Add tha EQUIVALENT FEET OF PIFE ta the
Actual feet of PIPE USED. Tha TOTAL LENGTH ls usad 10 daterming the
PIPING HEAD LOSS below.

NQTE: For a parsilel sarth loop sysims flgure for anly onae toop at this Ume,

Pips Type No.Kibows, Teds Equiv, My, Actual Piga  Towd Plpe
& Sire Davices, Bz, * of Plpw Used Lengin

/"Hos& _NA _ « NA - _45 25
i“CoPpER _ 14 w 42 . 1o §2
Y pe 4 o f2 . 373 335
Ih e _ 8 o A4 . 240 2L4

X3 *

*IP THE PIPE 1§ BENT AT A 1 FT. RADIUS OR LARGER, 0O MOT FICURE
© THE CURYE AS AN ELBOW.

S, PIPING HEAD LOSS for different lypas of pipy at GAW flow rats of watar siurce
haat pump, MOTE;: For parailel esrth loop sysiam figura for only ona isop.

Pipe Type Towl Pipe Plping**
and Size Length Heag Loss (Taple 3}

1"HOSE 25 i x A2 - 605 . ha,
1COPPER 52 smx 2T - 1. 40 . .
?& tmi'ﬂﬂl .} lv QZ » 3. QS 1. hd.
IR"PE 268w x 34T . 92 . e

3 ;1800 X - ft. hd.
svfor paraiial asrth oaps divide the hest pump GPM {line 3} by numbar of
wops 16 delarming Now rate through sach individual loap 1o sslect / 2 6
piping haead loss. SUBTOTAL L] ft. hd.
6. Multiply SUBTOTAL by 1.3 o sbmin TOTAL HEAD +0S85 FOR SYSTEM
umng propriena glycal anuireare wlution, lb ‘-I- 6
TOTAL HEAD LOSS ! f. hd.
T, PLMP SELECTION: Use Tabie 3 end flow rate, (line 3). Sweiecl the pump
oulpul which is LARGER aor squal (o the TOTAL HEAD LOSS FOR SYSTEM. - 64
(tinem S or 6). 2 ’
Clreutating Pump Model Hg. Puaps

if tha TOTAL HEAD LOSS caiculsied in line § 14 graster then the pump outpuds Jlsted in Table 3, go o the punp manufacturer's
SarfarmMench curfves #nd fing 1ne requirm G fiow for the heat pump. Pump perfarmancas are listed for sech pump ccled at
cifferent Now retae.

Serins pump parfarmercs is 3Eply 3 TOTAL OF THE INDIVIDUAL PUMP PEAFORMANCES: if one pudp can avercoms i Fasat of
hasd lass, iwo can avercoma 16 fral of head loss, thres can overcoms 10 fest of head iomn, alc.

REMEMBER: UNDER WO CIACUMSTANCES MIX OIFFERENT PLMP S1ZES WHEM LISING PUMPS [N SERIES.

F1115- 308
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Vl. Freeze Protection

Antifreeze solutions used in earth loop system must be
non~-toxic and non-corrosive. Non-toxic in case there is a
leak in the loop system so the ground water wiil not be
contaminated and non-cofrosive to protect the metal
components used in the circulation pumps and other
system components.

When the local well water temperature is below 63°F, the
water in the earth loop should be protected from freezing
down to 18°F. The recommended antifreeze material is
propylene glycol. To determine the amount of antifreesze
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 &
PIPE NOMINAL GALLONS PER
MATERIAL PIPE SIZE 100" OF PIPE
Polyathylene
SDR-11 3/4 3.02
SDR~11 1 .73
SDR-1% =144 7.52
SDR-11 1-1/2 9.85
SDR-11 2 15, 40
SCH w0 3/4 2.77
SCH 40 1 4.49
SCH 40 1-1/u 7.717
SCH 40 1-1/2 10.58
SCH 40 2 17. 43
Pelybutylene
SDR-17 IPS 1-1/2 11.46
SDR-17 I1PS 2 17.91
SDR-13,.5CTS 1 3.74
SDR-13.5 CTS 1-1/4 5.59
SDR-13.5 CTS 1-1/2 7.83
S5DR-13.5CTS F 13.38
Copper 1 4.3

Add two gallons for the equipment rvom devices and heat
pump.

PROPYLENE GLYCOL

Where the ground water at 100 ft. depth is less than or
equal to 658°F, a 20% by volume solution of propylene
glycol Is required. The percentage of antifreeze depends
on geographical location. A 20% by volume solution of
propylene glycol is required for 18°F freeze protection.

Exampie: For 100 gallons of water in system, 20 gallons
of propylene 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 vaive. Blocking
flow prevents the antifreaze 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
pump in the bucket. Put full strength propylene glyceol
into the bucket and pump in the amount needed to give
the required percentage by volume. When the regquired
amount has been pumped in, turn off the pump, close the
boiler drains, disconnect the hoses and open the isolation
flange or gate valve.

CALCIUM CHLORIDE

A 20% by weight solution calcium chioride and water may
also be wused as an antifrceze in the earth coupled
system. it is also non-toxic, a beatter heat conductor and
less expensive than propylene giycol. However, it is
mildly corrosive. Muitipty the gallons of water in the
earth loop system by 1.48481 to find the pounds of 94-97%
pure caicium chioride required for 18°F fresze protection,

vil.
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System Start Up

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

FLUSH THE SYSTEM PIPING--D0O NOT connect the water
lines from the earth coupled loop to the unit before the
water [ines have been flushed. Flushing will remove any
debris and air that may be trapped in the piping. If
water is circulated through the wunit without first
flushing the water loop piping, the heat pump unit may
be damaged. Therefore, follow this procedure carefully
Lafore connecting to the unit.

When an earth coupied system, connect the piping to a
flushing rig (Figure 13) that can be easily constructed
from a 55 gailon drum, 1 hp water pump, and some
relatively inexpensive piping. Fill the earth coupling as
much 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 barrei
and turn on the pump. The barrel must be kept at least
half full of water to avoid sucking air into the system.

¥/hen 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
minutes. This will allow enough time for any entrained
air or debris to be purged from the system. With 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. If there are no
leaks in the line, the pressure will not drop., if the
pressure in the ling falls by more than 5 PSIG, it may
be necessary to dig holes at the coupling locations to
check for logse or failed couplings. With all ground
water systems, check carefully for any visible signs of
water [eakage before digging or boring down to any
coupling locations. If visible leakage is found, corract
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 feakage. Remember for proper system operation,
there can be no leakage in the water loop.

Pipa Size 1" 0 i

Flow, GPM to
atart purging

Flow, GPM for
rapid purging

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

The top drain should be the highest point in the
equipmant 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 lines to the appropriate connections
on tha water zource heat pump, turn on the circulator
pump and lat the water circulate through the system for
five minutes. DO NOT allow the heat pump to operate
yet. The proper sequence is to allow water to circulate,
then adjust the flow rate, then operate the heat pump.

If the circulator does not operate immediately, turn off
the electrical power to the hea: pump, close the isolation
flanges, remove the indicator plug, insert a small blade
scrawdriver into the motor shaft and turn gently uniil
the shaft moves fresly. Replace the indicator plug, open
the isolation flanges, wait a few minutes then restart the
pump.



Tha flow rate should be the desired operating flow of the
model of water source heat pump being used (see
manufacturer's specifications). Water flow should not be
lass than that of the minimum flow rate required for the
model of water source being used. if water flow is less
than system calcuiations Indicate, check your calculations.

If the calculations are correct, there is some trapped air
or restriction in the water circuit.

Qther Items to be Followed

ViHi.
A. Follow the installation Instructions for the water
sourca heat pump model being used to check the
operation of the refrigeration cycle and specifics in
installation in structure. The equipment manual will
also show the electrical hookup and air flow
requirements.
B. Follow the Air Conditloning Contractors of America,
“Manuai D" for proper duct design for the air side of
the system.
FICURE 13. PORTABLE RIG FOR FLUSHING EARTH COUPLED SYSTEMS
EARTH COQIL START-UP
FLEXIBLE LINES
7 ® FLUSHING
va ® PRESSURE DROP
2o * ANTI-FREEZE
® FILTERING
FLOW
METER
- /
¢ DRAIN
PRESSURE
. . GAGE
s PP LA e
1 HP PUMP
EARTH
COIL
| R
>
ACKNOWLEDGMENTS
1. Albertson, P. 1983, Pamphlet "Earth-Coupled Water Source Heat Pump," Ditch Witch, Perry, OK.
2. Boss, James E. et al. 1984, "Closed~Loop Ground-Coupled Heat Pump Oesign Manuai,"
Oklahoma State Unijversity, Stillwater, OK.
3. Braud, H. J. Klimkowski, H. and Oliver J. 1983, “Earth-Seurce Heat Exchanger for Heat Pumps”,
Louisiana State Unjversity, Baton Rouge, LA.
8. Braud, H. J., Baker, F.E. and Smiiie, J. L. 1984, "Earth-Coupled Heat Pump Systems”,
Louisiana Cocperative Extension Service, Baton Rouge, LA,
5. Eiteiman, L. 1983, Letter "Pipe Pressura Loss Tables for Polyethylene Pipe," McElroy Manufacturing, Inc., Tulsa, OK.
6. Hotherton, D. L. 1983 "Trenched and Drilled Earth-Caupled Heat Pump Systems", Ground Water Energy Newsietter,
(Sept; Oct. 1983), Worthington, Chio.
7. Hawkinson, G, 1984, Letter "Pipe Head Loss Tables for Polybutylene Pipe", Vanguard Plastics, Inc. McPhersan, KA.
8. Partin, James R. 1981, "Drilled and Trenched Earth-Coupled Heat Pump Exchangers,” Stillwater, 0K,

21



IX. Closed Loop Systems Suspended in Ponds and Lakes

The pond or lake should be approximately two acres in
size with a voiume of water equal to twice the size of the
house being heated. A [arger pond will be required in
colder climates. The zone where the exchanger is placed
should remain above 40°F in winter.

CAUTION: The parformance of this type of system
sometimes is hard to predict due to water stratification
and other factors. Be very cautious about using this type
of system. Again, make sure the ground water heat pump
Is designed to operate at lower water temperatures.

LAKE EXCHANGER CONSTRUCTION:

Lengths of 3/4“ copper tubing 20 ft. long should be
soldered or brared to 1" copper headers on 1 ft. centers.
The headers should be reverse return plumbed for
balanced flow in tha legs. Refer to the drawing.

Connect the lake exchanger to the polybutylene service

lines by wusing a brass bushing and a copper male
adapter. DO NOT thread plastic into metal fittings to
make the connection. 1}' IPS PB service lines are

appropriate for systems up to 5 tons.

CALCULATING HEAD LOSS:

Locate the exchanger size in the table. Multiply the length of
service lines in 100s of feet by the service line head loss in
ft/100 ft. and add that number to the exchanger head loss to
get the total loss of the exchanger and service lines.

PLACEMENT:

Place tha exchanger near the bottom of the lake at least 10-12
ft. below the [ake's lowest operating water level. Papular
methods of placement include suspending the exchanger under
3 dock or pier, or tied to a set of old automaobile tires which
provide spacing of the exchanger above the lake bottom. Do
not allow the exchanger to be plfaced in the silt on the lake
bottom. Best performance is obtained where the exchanger is
in open water.

SERVICE LINES:

Bury the service lines a minimum of 4' deep or below the frost
line, whichever is deeper, across the shore and keep them
jeparated about 2' in the trench,

Follow the "Horizontal Earth Coil Instaliation” instructions for

the service lines to the lake exchanger,
ANTIFREEZE:

The equivalent of 25% propylene glycol is required.

CLOSED LOOP
LAKE EXCHANGER

C— 1" Male adapter, 1}" brass

1" Coppar

3/4" Cappar

lnsert bushing with 2 clamps

EXCHANGER | SERVICE LINE
HEAT EXCHANGER | NO. of LEGS HEADER FLOW | HEAD LOSS | HEAD LOSS,
SIZE, TONS 20 FT LONG | LENGTH, FT| CPM IN FT FI/100 FT
1 k] 4 ] 0.20 0.11
2 6 ? ] 0.55 0.24
k] 9 10 9 1.4 0.72
4 12 13 12 2.8 1.2]
5 15 16 15 5.0 1.90
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TYPICAL WIRING OF
CIRCULATION PUMP CR PUMPS AND

WATER SOURCE HEAT PUMP
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INSTALLATION CHECKLIST

BURIED PIPE SYSTEM DESIGN

Heat Pump Sized.

Water pump pressure, GPM, specified.
—_Type, diameter, length of pipe.

~Type of joint specified.

__Climate, zone location.

DeSIgned heating & cooling load specified.

| |

Soil moisture and type specified.
Heat pump COP* specified (*Coefficient of Performance)
Pipe depth specified.

Need for sand or drip system specified.
Backfilling specified.
(Other)

!

PLANNING
Buried pipe system design compieted.
Pipe and fittings as specified on layout are on hand,
Flagging of existing buried conduit and WSHP pipe route is scheduled.
Soil and rock characteristics have been determined.

I

Size and type machine is scheduled. Larger trencher can complete job faster

if weather is limiting factor.

__Aliigator chain with Tungsten carbide mining teeth scheduled for installation,
T if needed.

__Backhoe scheduled for installation, if needed.

Plpe fitting, clamps, fusion machme scheduled,

Testmg pump, reservoir, valve gauge assembly scheduled with correct size

" fittings for pipe.

__Sand scheduled, if needed.

Burled drip irrigation pipe scheduled if seasonal soil moisture control desired.
(Other)

TRENCHING

I's jobsite flagged for buried conduits and WSHP pipe route?

Alligator chain with Tungsten carbide mining teeth for frozen soil and rock.
Feed chute for unstabie soils.

Backhoe for access holes, large rocks.

Tongs, narrow hoes for removing loose rocks. Shovels, including long handle
and narrow.

Fuel, oil, grease gun, tools, fuel filter cartridge, tire gauge, trailer spare.
Water hose.

[l

|

Extension cord, trouble light, flood light, flashlight.
Boards, plywood strips for intersecting trenches, claw hammer, nails.
(Other)

PIPE INSTALLATION AND TESTING

__Correct size, length, and type of pipe, DO NOT USE PVC PIPE.
__Fittings, fusion machine, heavy extension cord.

Ptpe cutter,

__Type 300 stainless steel clamps. Make sure screws are not plated steel.
Torque wrench for clamps.

High pressure water pump with reservoir, valves, gauges, correct fittings
for pipe.

Anti-freeze,

| I

Sand, if needed.
Buried drip irrigation pipe, if needed.
(Other)

4

Compliments of Ditch Witch
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SAMPLE OF COMPUTER PRINTOUT \»

EE*igiQgi*********************************************************************:\\‘
BARD EARTH LOOPFP DESIGHN

SEND TO: JOHN SMITH HEATING & COOLING DATE:19/16/85
' WILLOW ST.
ERYAN, OHIO e

EDNTRQCTDR OR JOB NAME OR NO.: BRYAN PROFFESSONAL BUILDING
JOB GEOGRAPHIC LOCATION: EBRYAN, OHIO

*******************************************************************************
BUILDING LOAD & LOCAL EARTH DATA
NOTES:

BUILDING COOLING GRIN §&3432 BTUH
BUILDING HEATING LOSS 53719 BTUH

LOCAL GROUND WATER TEMPERATURE S22 F
APPROX. EARTH TEMP. AUG. =2@TH Sz AND FEB 2@TH Sz @ 12@ FT/ DEPTH
ANNUAL ANTICIPATED SOIL TEMP. EWING DEG. F @
LOCAL SOIL CONDITIONS: WINTER WET SOIL (SATURATED OR AVERAGE ROCK
SUMMER WET SOIL (SATURATED OR AVERAGE ROCK

*******************************************************************************
BARD HEAT PUMP MODELS: WPV&ZA OR WPVDGE

WITH & KW OF RESISTANCE ELECTRIC HEART

FOR 12@% BACK UP RESISTANCE HEAT 13 KW IS REQUIRED

WSHP PERFORMANCE
UNIT COOLING CAP. & 352 EARTH TEMPERATURE 6134@ BTUH 12.33 EER
UNIT HEATING CAP. ® 52 ERARTH TEMPERATURE 5636@ BTUH 2.73 COP

e e o ek L At ot A B S S . B S S Py

APPROXIMATE WATER TEMP. (WARMEST) 89 F TO (COLDEST) 36
F ANTICIPATED IN THE SYSTEM DURING NORMAL ANNUAL OPERATION
UNIT COOLING CAP. ®@ 83 ENTERING WATER TEMP. S&@7@ BTUH “~’
UNIT HEATING CAP. ® 36 ENTERING WATER TEMP. 4712@ BTUH
UNIT OPERATING WATER TEMP. RANGE 25 TO 125 @® 8 GPM
e I R R R e R Y e e PR R R e I R e S S S R S
DESIGN FOR VERTICAL. EARTH LOOP
R Y T e R Y S ST L P L T S I L
€@ LENGTH OF BORE HOLE FOR UNIT ABOVE
138@ LENGTH OF PIPE FOR UNIT

CONE LOGP IN BORE HOLE
PE SCH 48 1-1/2 IN. PIPE 1.61 I.D.

TOTAL BORE LENGTH TO BE DRILLED IN MULTIPLE HOLES AT DEPTHS OF APPROXIMATELY 1a2
FT. HAVE BEEN ASSUMED.

APPROXIMATE 147 GAL OF WATER IN THE LOOP WITH 2 GALLONS ADDED FOR EQUIPMENT
F BB BB A A BT TN I I I IE I KN e e AN

TGO DETERMINE CIRCULATION PuUMP SIZE SEE SECTION V MANUAL 212@-299

TO DETERMINE NEED OF ANTI-FREEZE SEE SECTION VI MANUAL 2120-239

FOR 18F. FREEZE PROTECTION 32 GALLONS OF PROPLYENE GLYCOL OR 2435
LES OF CALCIUM CHORIDE IS REQURIED,

DESIGN ON THIS PAGE IS APPLICABLE ONLY TGO EARD HERT PUMPS.

THIS INFORMATION IS BASED ON THE LATEST THEORIES AND PERFORMANCE DATA AVAILABLE
AND IS SUBJECT TO CHANGE WITHOUT NOTICE AS ADVANCES IN TECHNOLOGY RARE MADE.

25



EARTH COUPLED LOOP SYSTEM DESIGN

1. Return Design to: Attn:
Address Telephone
City and State Zip

Job or Contractor (Name or Number):

Location of Job .
(City) (State) {Zip)

2. Geographical location of installation (near): (See Table 2 back of this sheet)

£

(City) (State) (Zip)
3. Building or zone design: Cooling load: Btu/Hour
Heating load: Btu/Hour

Note: For buildings too large for one heat pump, complete work sheet for each zone)

4. Local ground well water temperature: Fe°

5. Model of Bard Water Source Heat Pump to be used:

Vertical Horizontal Type of Antifreeze to be used.
6. Type of System:  Loop [ ] Loop [ ] None I'T Caicium [ ]| Propylene [ ]
Chloride Glycol
7. Water Flow Thru Loop System: Series { 1 Parallel [ ]
8. Type of pipe to be used: Pipe Nominal Size In.

(See Table 1 back of the sheet)

9. Number of layers of pipe in trench or loops in bore hole:

10. For horizontal loop systems describe and type of local soil at depth 1 to 6 foot depth
during the late summer.

DRY-LIGHT SOIL (SAND OR GRAVEL) -~
[] a. grass and weeds turn brown in summer

DAMP-LIGHT SOIL (SAND OR GRAVEL) -
[ 1 b. grass turns brown, weeds stay green

DRY-HEAVY SOiL (CLAY)
[ 1 c. grass turns brown, weeds stay green

DAMP-HEAVY SOIL (CLAY) -
{1 d. Grass and weeds stay green all summer

WET-SOIL -
[ ] e. swamp, marsh bottoms, etc.

Send to: Earth Coupled Loop System Design
Bard Manufacturing Company
P.O. Box 607
Bryan, Ohio 43506

F1115- 1085



TABLE 1.

NV

NJ

NY

NC

OH

OK

OR

Note:

PE are polyethylene pipes

PB are polybuthylene pipes

Ely
Las Vegas
Winnemucca

Trenton

Albuquerque
Roswell

Albany
Binghamton
Niagara Falls
Syracuse

New Bern
Greensbaro

Bismarck
Grand Forks
Willisron

Akron
Columbus
Dayton
Toledo

Altus
Cklahoma Cicy
Tulsa

Astoria

Pipe Material Nominal
Deseription Size
PE
1 soa-11 3/4
2 SDR-11 1
3 SDR~-11 1-1/4
4 SDR-11 1-1/2
5 SDR~11 2
6 SCH 40 3/4
7 SCH &40 13
8 SCH 40 1-1/4
9 ScH 40 1-1/2
10 SCH 40 2
PB
Il SDR=-17, 1PS I-1/2
12 SDR~17, 1PS 2
13 SDR~13.5, Cts 1
14 SDR-~13.5, Cts 1-1/4&
15 SDR-13.5, Cta 1-1/2
16 SDR-13.5, Cts 2
TABLE 2. Geographical Locations of Input Data.
AL  Birmingham IA Des Moines
Montgomery Sioux
AZ  Phoenix KS Dodge Cicty
Tueson Topeka
AR Little Rock EY Louisville
CA Los Angeles LA Llake Charles
Merced New Orleans
San Diego Shreveport
C0 Colo. Springs MA  Portland
Denver
Grand Junc. MS Plymouth
DC Washington M1 Battle Creek
Detroit
Sau St Marie
FL  Appalachicola MN Duluth
Jacksonville Int., Falls
Minneapolis
GA Atlanta MS Biloxi
Augusta Columbus
Macon Jackson
1D Boise MO Columbia
Idaho Falls Kansas City
Springfield
IL Chicago MT 3illings
E. St. Louis Great Falls
Urbana Missoula
IN Fort Wayne NB  Grand Island

Indianapolis
Sourh Bend

Lincoln
North Platcte

Meford
Portland

Pa

SC

sD

TN

TX

Ut

VT

VA

Wa

Middletown
Philadelphia
Pittsburg
Wilkes-Barre

Charleston
Greenville
Sumpter

Huron
Rapid Cicy

Bristol
Knoxville
Memphis
Nashville

El Paso

Frt. Worth
Houston

San Antonio

Salt Lake City
Burlington
Norfolk

Eichmond
Ronoke

Moses Lake
Seattle
Spokane

Cliarleston
Elkins

Recommended Earthloop Pipes

WL

WY

Green 3ay

. Madiscn

Casper
Cheyene
Lander
Sheridan



