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IMPORTANT

The following Bard Water Source Heat Pumps will not
work on earth loop systems,

WPV 30 or WPVD30
WPV 36 or WPVD36
WPV53 or WPVYDS53
WPV6E2 or WPVDG62
WQS 30 or WQSD30
WQS36 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 WPVD53A
WPV6E2A or WPVDG2A
HWP30 or HWPD 30
HWP36 or HWPD 36




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

i. Determine the structure design heating load in Btuh loss

and design cooling jcad in Btuh gain. It is very important
that an accurate loed calculation of the structure be
done, therefore, it is recommended that "Manual J" from
ACCA or other national accepted methods be used.

Il[. 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 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 smaller operating
range such as 45° to 85° or 60° to 35° entering water
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 manufacturer's
specifications for the local ground watear temperatures.
The water source heat pump should ba sized as follows:

Heat Pumps Sized For Cooiing., The sensible output
capacity of cooling equipment, should not be less than
calcuiated total sensible load nor shouid it exceed the
calculated sensibie load by more than 25 percant. The
corrasponding latent capacity should not be less than the
calculated total latent load. The equipmant sensible and
latent capacities should bea determined from the
manufacturers cataloged performance data. Catalog
performanca sheuid be verified at the local ground water
temperature and indoor design conditions expected on a
design day. !

Heat pumps which are sized for heating only should not
be less than 75 percent nor more than 115 percent of the
calculated total heating load, (Auxiliary heat should be
sized to make up for any deficieicy in output when the
heat pump unit is undersized.) Emergency heat may be
required in some locations.

Heat pumps which provide heating and cooling shali be
sized to the cooiing requirements specified abave. In this
case the thermal balance point will be limited by the
design coaling requirement but, if a lower thermai balance
point is desired, heat pumps may be oversized for
sensibie cooling by up to 25 percent. Auxiliary heat
should be sized to make up for the difference betwesn the
design heating load and the heat pump output an a dasign
day. Emergency heat may also be required in some
locations, 3

1H. Selection of type 8arth coil and materials to be used.

EARTH COUPLED SYSTEMS--Earth coupling is a methad
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 systems are used in aress where insufficient
ground water is availabie, or where it is impractical to
drill a well, The piping may be buried in either a vaertical
or a horizental configuration.

When designing an earth coupled system, particular
attention must ba paid to balancing the system between
the hest pump unit and the earth coupied loop. In a
balanced system, the earth coupled loop will remave all of
the heat energy transferred to the water by the heat
pump (cooling cycle), and will provide all of the hest
energy to the water that the heat pump unit is capable of
absorbing (heating cycle]. The net result of a perfectly
balanced sysiem 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 coaling cycle
causes the water temperature to rise 15°F, then the loop
must cause a corresponding drop of 15°F,

1.2,3 "Manual J by Air Conditioning Contractors of America,
1981 Edition, p. 4R,

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 icop water
temperature remains constant, because the ground temperature
may vary :I15°F fram season to season, the loop water
temperature may vary :20°F from the balance point
temperature. This is because the ground is able to overcool
the loop water in winter, and may undercosl in summer.
Because of this, the temperature of the water entering the
water source heat pump unit may drop befow 30°F in winter or
rise above 100°F iIn 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 rangesj. 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 fow
temperature limit of 40°F in a water source heat pump unit is
established to protect the loop weter 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 temperature can be
aliowed to fail ta 30°F.

Use only a water source heat pump that can be operated on
lcop temperatures well below 40°F down to 25°F. Information on
when to use an antifreere solution in a ground coupled water
source heat pump system is contained in the folfowing
discussions on vertical and horizontal configurations.

Reasons for using an eerth coupled system.

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

2. Itis cost effective In northern or southern climates.

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

YERTICAL. A vertical earth coupled system consists of one or
more vertical boreholes through which water flows in plastic
pipe. A distinct advantage of a vertical system over a
horizontal system is that the vertical system raquires less
surface area (acreage). In areas where the ambient
groundwater (average well water) temperaturs is less than
60°F, the use of an antifresze solution, such as propyiene
glycol, to avoid freezing the loop is recommended. (Figures 7,
2 and 3),

Boreholes are drilled 4-3/4" in diameter for 1-1/2" diameter
pipe to a recommended depth of not more than 300 feat, over
300 feet it is too difficult to push the pipa to the bottom of
borehole, (100~ 200 faet is sufficient}, and are set a minimum
of 10 feat apart to avoid therma! overlap in the soil. For 3/g4"
diamater pipe loop systems, the vertical loops are connected in
parailel to a 1-1/2" diameter pipe header. A barehole of 3" to
4 in diameter is used for 3/4" diameter loops, this lowers
drilling cost, The 3/3" dlameter pipe alsc costs lass per ton of
heat pump capacity. The smailer pipe is easier to handle, yet
there is no sacrifice in pressure rating. Also twa laops in ane
hole reduces borehole length. Depth for these systems is
usually between 80 and 180 feet. On a parailel system it is
very important that ail loops are esqual in length to insure
equal pressure drops.

The besic components of a vartical earth coupled system are
detailed in Fig.1 (next page). Each borehole contins a doubie
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 closad to prevent surface water contamination of an
aquifer in accordance with (ocal health department regulations,
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Backfil With Fine Trenching
Residue. No Sharp Rocks.

rElbow-Double Clamp
or Fused

Greund
Level
4 Recommended

Clay Grout or
Concrate Plug

,J..,.:'-—- Plastic Pipe

Depth VariestTq !

— Granular Packing

R3-S0

I AR

=, e g T
rptiral bt tn

Clamp or Fused
Close U-Bend Fitting

FIGURE 3. Vartical Earth Coupled Barehole & Piping

HORIZONTAL. 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. (Figures 7, 8 and 3),

PIPE DEPTHS

NORTHERN
ZONE
Ift.roS5h.

SOUTHERN
ZONE
aft o6&t

Pipe depths in the Northern ZIone should be 3 to 5 feet,
Excessiva depth will reduce the ability of the sun to recharge
the heat used in winter.

Pipe depths in the Southern Zone should be 4 to 6 feet, so
that the high temperature of the soil in late summer time will
not sericusly affect system paerformance.

Antifreeze will be necessary in the Northern Zone to prevent
freezing of the circulated water and to allow the system to
gain capacity and efficiency, by using the large amount of
heat releasad when the weter contained in the soil is frozen.
Antifreeze solutions used is a
Propylene Clycol,

non-toxic (20% by volume)

The use of multiple pipes in a trench reduces total trench
length substantially. If a doubie layer of pipe is laid in the
trench (Figure 4), then tha two layers should be set two feet
apart to minimize thermal interference. Example: A 1-1/2"
series horizontal system with pipes at 5 feet and 3 feet. After
installing first pipe at 5 feet depth, partially backfill to 3 feet
depth using a depth gauge stick before instatling second pipe.
Wwith the return line running ciosest to the surface and the
supply line running beiow it. This arrangement wiil maximize
the overall 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,
so0 that shrinkage wili not pull pipe looss.

Twa 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 neat transfer effect Detween
the pipes. .

In addition, when laying a double layer of pipe, be careful to
avoid kinks when making the return bend (see Figure 5).
Backfiil the trench by hand when changing direction. If it is
necessary to join two pipes together in the trench, use the
fusion technique or [PS304 stainless steel fittings for greater
strength and durability, then mark fitting locations for future
reference by inserting a steel rod just beiow grade (see Figure
6). The steel rod enables the use of a metal detector to find
joints in pipe.

~, Existing
~ Grade

Earth Backfifl

Single Layer Design

- Earth
Coil Line
i ', Existing

~ Crade
Earth Backfill

Earth Coil Line

{Return Line) Double Layer Design

FIGURE 4.

Horizontal Earth Coupled Pipe
Separation in the Trench

Trenches can be located closer tegether If pipe in the previcus
tranch can he tested and covered befora the naxt 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 soil significantly. In such cases, the designer may specify
additional feet of pipe per ton of capacity. A few inches of
sand may aiso be put in with the pipe, or a drip irrigation
pipe buried with the top pipe to add occasional small amounts
of water,

FIGURE 5.
Section View
Y. i Y.
Machine .
i Backfill !
{Rm' i
a
-
Bend pipe to position shown
using extreme care to avoid kinking.
FIGURE 6.

Polybutylene
Pipe

¥ h AU I 4
—_Steel nod
Clamps Located Just
and Fitting | Below the
. Finished
Grade

Clamp Instailation Detail Marking Pipe Fitting Location

~

-

-
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TABLE 1.

EARTH COUPLING CONSIDERATIONS

AREA OF CONCERN

VERTICAL SYSTEM

HORIZONTAL SYSTEM

1. LIMITATIONS

Boreholes should not exceed
300 feet depth

Single earth coil should not
exceed 1600 feet length

2, PIPING MATERIAL

SDR-15 IPS polybutylene or
high density schedule 40
polyethylene

SDR-15 IPS polybutylene or
high density schedule 40
polyethylene

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 parai-
lel— if parallel, all boreholes

must be equal depth

if system requires more
than 1600 feet of coil,
divide into equal lengths
and connect in parallel

5. SERVICE LINES

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

If earth coil line(s) cannot
connect directly to heat
pump, use IPS poilybutylene
or high density polyethylene
service pipe buried below
the frost line or to minimum
4 feet deep _—

6. PIPE FITTINGS

IPS 304 stainless steel, brass
or nylon— double clamp ail
nylon fittings

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 stainiess steel worm
ear clamps only -check care-
ully: some "all-stainless"

clamps contain 400 series

screws which corrode when
exposed to some acids in the
50i[

Same as vertical

9. CLOGGING

When installing, keep soil,
sand, trash, etc. out of
pipes untii 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




v,

Design of Earth Coil

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

Table 2 shows typical trench, {(pipe lengths) and hoie
depths per ton of unit capacity at Jlocal earth
temperature.

Motice as the number of pipes in the trench or borehole
increases the total length of the pipe increases by 20
percant for each time an additional pipe is added.
Example: 400 ft, of pipe in a herizontal system will
ragquire 430 ft. of pipe in a horizontal system will require

480 ft. of pipe when installed in two layers in same
trench,

The values in the table are given for two sizes of
polyethylene pipe, there will be a small difference in

lengths if polybuthiene pipe is used.

To use the table for an approximate length for cost
estimation, divide the capacity of the selected heat pump
unit, at local ground water temperature, for both heating
and cooling modes by 12,000. Then mulitiply this number
times the length of pipe, trench or borehole depth from
the table for the type of system you plan to instail.

EXAMPLE: HWP35 at 60°F entering ground water has a
capacity of 36,800 Btuh cooling and 38, 900
Btuh heating.

36,800 Btuh
12,000

3.01 x 400 ft = 1226 feet of 14" Sch 4o
polyethylene pipe required for cooling.

38,900 Btuh
12,000

3,24 x B00 ft = 1297 feet of 1i" Sch &0
polyethylene pipe required for heating.

TABLE 2.
PER TON* FOR VARIOUS

The actual trench lengths and hole depths

Therefore, approximately 1297 feet of -1/ Sch 40
polyethylene pipe is required for a harizontal earth coupled
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 loop
desire. Just complete the
F1115-284 and send to:

for you if you
snclosed worksheet, Form No.

Earth Coupled Loop System Design
Bard Manufacturing Company

Box 607

Bryan, Ohio 43506

The information will be inputted into a computer and a printout
with various earth loop designs will be sent to you,

TYPICAL TRENCH, (PIPE LENGTHS) AND HOLE DEPTHS

DESIGNS AND CLIMATES.

per ton of WSHP capacity may differ

significantly in your area due to soii and chimate variations or other conditions.

Number of pipes in trench and vertical spacing (4-6' Horizontal}

Northern Climate —IV Southern Climate
1 at 5 Zat 3,5 dat 2 3,5 1 at ¢ 2 at ¥,g 4at 3 4,5,6
14"SCH. 40 3408 Polyethylene 400" (400') 240" {4a0") 168" (6729 400 (u00") 240° (a80C°) 168' {672")
3/U'SDR-11 3408 Polyethylene 460 {4860 275" (550" 192' (768") 460" {460") 175 (550°) 191" (763"}

Number of loops in wet hole. (10-15' Horizontai spacing}

Northern Climate

j
J

or Southern Climate
1 ] 2
| 14"SCH. 450 3408 Polyethylene T4 (280%) 120° (250"
3/¢'SDR-11 3408 Polyethyiene 170" (3u0') 1a5 {290')

*Capacity of unit at local ground water tempearature.
Contact Bard Manufacturing Company, Telephane: 419-636-1194

(Table practical for 50°F to 70°F ground water temperature)

for additional information.

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

1
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The Circulation System Design

To move the transfer fluid (water or propylene glycal and
water solution) through the earth loop system and the
water source heat pump, some type of circulation system is
required, The circulation system should consist of the
following items to insure proper fluid flow through system
{GPM) while the water source heat pump is operating.

The components for a circulation system are: {5ee Fig.
10)

1. Flow Mater (Bard part number 8603-012) - on water-in
side to monitor water flow.

2. Air Vent/Air Purger - will help bleed off any air
trapped in the system,

3. Pressure Tank {Ex Trol Model No. 60) - to allow for
seasonal expansion and contraction and maintain system
under pressura,

'l.. 2 Boiler Drains - to allow filling of system and

aniifreeze addition.
5. Circulating Pumss - are engineered for each individual

system to provice the correct water flow and overcome
the friction loss of the system piping. Isolation flanges
or ball wvalves to insulate 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 evar required.

6, Brass Test Pfugs - on both "water-in" and "water-out"
ines to monitor water temperatures. Use ogne
thermometer to monitor these temperatures, Using two

different thermometers to measure the temperature
differential can introduce large measurement errors.

Design of circulation system must include provisions for the
following: (5es Figurae 10)

1. Selectlon of a circulation pump or pumps for total system. -’

2, Providing air vents for start-up and running.
3. Providing for flow monitoring.
4. Positive pressure control and limiting.

5. Antifreeze charging capability.

Determining pressure drop and selecting a circulation pump or
%umgs. [t is very Important in selecting the circulating pump
that a wvery accurate pressure drop calculation be made
because final pressursa drop the selected pump must pump
against will determine the actual flow rate (GPM) that is
delivered to the water source heat pump, the pumping cost
and efficiency of the entire system.

6
Detail A
Pump Option
Water Source §

Heat Pump

Drain must
be trapped

Iy

Pressure Tank

‘3
{Bladder Type)

Insulate

Detail A
' |
|

Drain L _See Water Out Water in
|

!
To Earth Loop From Earth Loop
NOTE: Always use 1" piping in equipment room regardless of size
fittings on water source heat pump water coil. Also never
use PVC plastic pipe in any earth coupled system!

[ 3 |
| e
T

Drawing compliments of

GEOQ Systems Inc, FIGURE 10. Closed Loop Eguipment Reom Piping

1



CIRCULATING PUMP WORKSHEET

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

2. Enter water coil head foss: (Table 1)

ft. hd,

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

4. Count each elbow, tee, reducer, air scoap, flawmeter, stc., as
3 FEET QOF PIPE EQUIVALENT. Add the EQUIVALENT FEET OF PIPE to the
actual faet of PIPE USED. The TOTAL LENGTH is used to determine the
PIPING HEAD LOSS beiow.

NOTE: For a parailel earth loop system figure for only one loop at this time.

Pipe Type No.Elbows, Tees Equiv. Ft. Actual Pipe  Total Pipe
& Size Devices, Etc. * of Pipe L sed Length

X3 .

X3 +

X3 +

X3 *

X3 +

*IF THE PIPE 1S BENT AT A Z FT. RADIUS QR 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 paraliel earth loop system figure for only one loop. -

Pipe Type Total Pipe Piping**
and Size Length Head Loss (Table 2)

-
v

160) X =

ft. hd.

—
1

7 100} X

ft, hd.

{ L 100) X

ft. hd.

100) X

L

ft. hd.

(

a0 X =

ft, hd.,

**For parailel earth loops divide the heat pump GPM (line 3) by number of
loops to determine flow rate through each individual loop to sefect
piping head loss. SUBTOTAL

ft. hd.

6. Muiltiply SUBTOTAL by 1.3 to obtain TOTAL HEAD LOS5 FOR SYSTEM
using propylena glycol antifreeze solution.
TOTAL HEAD LOSS

ft. hd.

7. PUMP SELECTION: Use Tabie 3 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

If thea TOTAL HEAD LOSS calculated in line § 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
jifferent flow rates.

Series pump parformance is simply a TOTAL OF THE INDIVIDUAL PUMP PERFORMANCES: if ons pump <an overcome 10 feet of

head loss, two can overcome 20 feet of head loss, three can ovarcome 30 feet of hesd loss, atc.

BEMEMBER: UNDER NO CIRCUMSTANCES MiX DIFFERENT PUMP SIZES WHEN USING PUMPS IN SERIES.—‘
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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 Feat G.P.M. Water Flow Rate
Model of Head Flow Rate Grundfos* No. Required in G.P.M.
Pump of
HWP30 or HWPD30 4.6 4 Models | Pumps 4 5 6 8
HWP3§ or HWPD23& 4.6 5 PUMP 20-42 1 11.5 1 -- -
WPV 30A or WPVD30A 4.6 4 OUTPUT 26-64 1 8.8 18 | s s
WPV 36A or WPVD36A 4.6 5 (FEET OF oo ; e ” - ”
WPV 53A or WPYD53A 5.8 6 HEAD) * *
WPV62A or WPVDé&2A 5.8 8 2 40-75 1 23.8 | 23.5 3 22.5
C.PM, @ 40~75 2 47.6 47 L1 43
TOP OF 26- 96 1 .5 | 2r | 28 | 235
COLUMN
26-96 2 5.0 L] 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 Material ] 1] 2 21 3 34 4 5 -1 8
Connection Hose 1" " » * - .67 JB9 | T.T8 (1,73 2,42 [1.43
Copper 1" * » » » .86 * 1.5 [1.9 |2.7 |u4.5
Polybutyiene 1" SDR 13,5 1.05 * |1.79 (2.71 [3.80 |6.48
" 14" SDR 15 o " * * . 074 * 126 [.191 |.267 356
" 14" SDR 17 * . T * 1,085 * |,110 [.166 }.233 [.397
" 2" SDR 15 & 19 * * * * .022 - .037 {.057 [.079 |.135
" " SDR 17 b * * * .o * [.037 |.55 |.078 [.133
Polyethyleme 3/4" SDR -11 .23 .62 1.02{ 1.5 {2.08 2,7 |3.37 |5.08 [6,93 |11.4
" 1" SOR -11 21 .35 .51 .72 1.92 1.18)1,73 |1.78 ;2.38 {3.93
" 14" SCH, 4o * * " * * * .162 {.254 |, 347 {.578
" 2" SCH. uo * . * " * * [.046 |.069 j.092 [.162
NOTES; 1, Thase head losses are for water at 40°F temperature.
1. Count each sibow, tee, reducer, air scoop, flow meter, etc., as 3 feet
of aquivaient pipe length and add to actual measured pipe length for
total [ength,
3. To adjust the total earth loop piping head losa for propylene giycol
antifreeze and water solution at 35°F, multiply the total earth loop head
ioas for water by 1.3
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PRESSURE DROP CALCULATIONS TC
SELECT CIRCULATION PUMP

Transfer fluid requirements for closed-loop, earth-coupled heat
pump systems varies with fluid temperature and heat pump
size. To determina the circulation pump size requirement, the
system flow rate requirements (GPM for heat pump used) and
total sysiem pressure drop in feet of head ioss. From these
two pieces of information a circulation pump can be 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 gection for Bard water source heat pumps. The head
loss for different pipe materials and sizes per 100 feet are
found in Table 2 of this section and a quick pump selection
table for flow rates that matich Bard water source heat pumps
are in Table 3 of this section.

Folluwiné are two exampies of how to determine the head [pss
of earth loops. First example will be a series horizontal system
and the second example will be a parallel vertical system.

EXAMPLE 1

Civen:

A. Series horizontal system.

B. Bard HWP36 water source heat pump to be used.

C. Heat pump water flow requirement is 5 GPM with a 1.6 ft,
hd, loss (see Table 1).

D. Earth loop 1200 ft. 1-1/2" SDR 15 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 8arg hait pumpg Mode weed in Table 1. MODEL E! w E 3 é

1. Entsr water coil hesd lows: (Table 1}

L Continue scross Table 1 to find GPM fow required for this haat pump, é CPu

3. Count asch olbow, Law, reducer, sir Koop, Nowmeter, wic., is

R .
3 FEET OF PIPE EQUIVALENT. Add the EQUIVALENT FEET OF PIPE to the

actuel famt of PIPE USED. The TOTAL LENGTH I3 usad Io determing the

PIPING HEAD LOSS bedow.

NOTE: For a phcaital sarth loop sysiem figewrs for anly one loop st this Uma.

Pipe Type No.Elocws, Tews Equiv. Ft. Actusl Pips
£ Hia Oevices, Ere. * of Pipa Uned

I"CoPPER _ 20 x3
1" PE  WoNE

bo .
«a NoyE

Tolsl Pipe
Lengih

L0 20
. [Aoo [doeo

‘3‘. (g fr. hd.

X3 +
X3 -
X3 -

“IF THE PIPE I5 BEMT AT A 2 FT. RADIUS OR LARCER, DO NOT FICURE

THE CLRVE AS AN ELBOW.

5. PIPING HEAD LOSS for diffarent types of pipw A1 GPM Mow rate of watar source
L NQTE: For paraliel sarth loop system flgurs for only one loop.

Pumg,

Pise Typs Toepl Pipa Piping**
armd Size Langth Hesd Loes (Tabie 2

1"CoppeR 30 i x L9 .
1A PR 1200w x 191 -

t 300 X N
{ $10m X =
{ S tog) X =

*“Far parvilal abrth loops divida the hesi pump GPM (line J) by number of

kaaps 10 Geldrming fow rale througn sbch Individual loop W select

prping basd lods.

SUBTOTAL

/.52 . va.
229 . va.

8.4/ . ra.

6. Wultiply SUBTOTAL by 1.9 t obisin TOTAL HEAD LOSS FOR STSTEM

uslng prupyiens giycal ancifreirs solulan.

TOTAL HEAD LOSS

7. PUMP SELECTION: Use Table 3 and fow raie, (line 3). Salsct the pusp

output which is LARGER of musl Lo the TOTAL HEAD LOSS FOR SYSTEM.

(lina S or §).

/0.9 n .
GRUND FOS

_do-42 /

Clrculating Pump Model No. Pumps

If the TOTAL HEAD LOSE caiculsted in Fing § i3 grester than the pump oulputs listed In Tsbie 3. g0 10 1he pump manufacturer's
performance curves and fing ibe raquiret GPM flow for the haat pvmp. Pump performances are listed for weh pump model st

diffaram flow rates.

Series pusp performance is vimply 8 TOTAL OF THE INDIVIDUAL PUMP PERFORMANGES: if ona pump Gn ovarcom 10 feet of
haad loss, two can overcome 20 fesi of heed loxs, three can overcams 30 fest of haad lons, stc.

!‘EHEHBEI: UIDEE MO CIRCUMSTAMCES MIX DIFFERENT PUMP SIZES WHEN USING PUMPS IN SERMJES,

F1113-588



EXAMPLE 2

Given: s
A. Vertical system. F. Three loops (5§ tubes) with 373 ft. pipe each.
B. Bard WPV53) water source heat pump. G. Loops are 3/ SDR-11 polyethylene pipe.
C. Heat pump water flow requirements are 6 GPM with a 5.8 H. Fliow 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" |.D. connection hose.
6 GPM — 3 = 2 GPM Per Loop
E. Prassure drop through fiow meter and air vent system :
and connections to coil of water source heat pump 1"

copper 1. 240 ft, of 1-1/2" SCH 40 polyethylene pipe headers.

CIRCULATING PUMP WORKSHEET

1. Find tva Bord hmat pump sadel used tn Table 1. MODEL WPV53£

2. Enar watar ol hesd loss: (Table 1) e 8 .

1. Continue scross Table | w find CPM fow refuirad for this heat puss. 6 1.

¥, Count smich sibow, tea, raducar, sir scoap, flowmeler, Sic., &3
3 FEET OF FIPE EQUIVALENT. Aﬁ the EQUIVALENT FEET OF PIPE 15 the
aciual teer of PIPE USED. The TOTAL LENCTH s used 1o datermine the
FIPING HEAD LOSS balow.

NOTE: For 3 paraiiel asrth loop systam figurs for only one loap &1 this Ume.

Plps Typa No.Elbows, Tees Equiv. Ft. Actusl Pigs  Toudl Pips
& Size  Daviews, Blc. * of Plpe Used Length

["Hos& _NA _ » NA - 35 28
i 1"coPprR _ 14 x3 42‘. {10 52
Yo PE _ 4 o [d . 373 335
th'pe _ 8 o 24 - 249 244

x3 *

“MFE THE PIPE |5 BENT AT A 1 FT. RADIUS OR LARCER, DO NMOT FIGURE
THE CURYE AS AN ELBOW.

5. PHR|RG HEAD LOAS for different types of pipw st CPM flw rata of weter source
hmat pump. WOTE: For parallal eirmh kay system figura for onby one loop.

Pipa Typa Total Plpe Piplnges
and Size Length Heag Losy (Table 1)

I"HOSE (25 w0 LH2 . 605 =
I‘C_QEER(_&%M: X _Ae Z . 1-40 f. n.
Y4'PE (385w x Li02 . 293 e e,
fm R ;i x .jfz - -91 #. ma,

{ 1180) X = "
e prrabel aarth hnp. dHvida the haat punp cﬂl (Ilnl 3 by mmbaer of
ey o flow recs ugh asch | loop o selact / 2 6
plping hasd loss. SUBTOTAL fi. nd.

6. Muluply SUBTOTAL by 1.} to obtaln TOTAL HEAD |LOSS FOR STYSTEM

usim preeyiens glyes TOTAL HEAD LOSS ,b‘ ‘*b

.
7. PP SELECTION: Usa Table ) and fiow rake, (line 3}. Selact tha
output which is LARCER or saual 1o the TOTAL HEAD LDSS FOR SYSTEI - 6
(linm 5 or #). '

Circulntng Pump Madel No.

If v TOTAL MEAD LOSS calkcuisted in Jing § | graster thar tha pump osutputs lluted in Taple 3, po to tha pump sanufecthrsr's
performance curves and find the requirad CPM MNow for the heat pump. Pump parformancas zre listed for sech pump model st
differant Aow reies.

l-rlu Pump parfermanca lu gimply a TOTAL OF THE INDIVIDUAL PUMP PERFORMANCES: if one pump £sn ovarcoms 10 fast of
hasd loge, rws can overcoms 20 fesl of Mmad lass, Wheas can ovarcoms M fest of hasd icss, stc.

tll.HEHB!l: UNDER O CIRCUMSTANCES MIX OIFFERENT PUMP SIZES WHEN USING PUMPS LN AERIES.

Pill-am
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V.

vil.

Freeze Protection

Antifreeze solutions used in earth Joop system must be
nen-toxic and non-corrosive. Nop-toxic in case there is a
feak_n the loop svstem so the ground water will not he
contaminated and non-corrosive to protect the metal
components used in the circulation pumps and other
system components.,

When the local well water temperature is below 60°F, the
water in the earth loop should be protected from freezing
down to 1g9oF, The recommended antifreeze material is
propylene glycol. To determine the amount of antifreeze
to be added to the water in the earth foop, calculate the
approximate volume of water in the system by using the
following table which gives the gallons of water per 190
feet of pipe.

TABELL
Nominal Pipa Material
Pipe Size | Copper Polybutylene Polyethylene
3/4n — 2.77 .77
™ 5.3 4.5 4.3
4" - 10.6 19.6
2 - 17.4 17,4
" - 7.7 7.7

Add two gallons for the equipment room devices and heat
pump,

PROPYLENE GLYCOL

A 25 percent by volume solution of propylene giycal is
required for 10°F freeze protection. The percentage of
antifreeze depends on geographic location.

For 100 gallons of water in system, 25 gallons

of propylene giycol is required.

Exampie:

Two short pieces of hose, a bucket and a smail
submersible pump are needed to add the antifreeze.

Block the system by closing an isclation valve. Blocking
flow prevents the antifreeze from being pumped into aone
beiler drain and out the other,

Attach hases to the boiler drains. Run the uppermost
hose to drain. Connect the ather hose to the submersible
pump in the bucket. Put fuil strength propylens giycol
into the bucket and pump in the amount needed to give
tha required percentage by velume. When the required
amount has been pumped in, turn off the pump, close the
boiler drains, disconnect the hoses and open the isclation
flange or gate vaive.

CALCIUM CHLORIDE

A 20 percent by weight solution calcium chloride and

water may also be used as an antifreeze in the earth .

coupled system. It is also non-toxic, a better heat
canductor and iess expensive than propylens glycol,.
However, it is mildly corrosive, Muitiply the gallons of
water in the earth loop system by 1.4841 to find the
pounds of 93-97 percent pure calcium chloride required
for 10°F freeze protection.

System Start Up

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

FLUSH THE SYSTEM PIPING--DO NOT connect the water
lines from the earth coupied loop to the unit before the
water lines hava been flushed. Flushing will remove any
debris and air that may be trapped in the piping. If
water is circulated through the unit without first flushing
the water lcop piping, the hest pump unit may be
damaged. Therefore, follow this procedure carefuily
before connecting to the unit.

When an earth coupled system, connect the piping to a
flushing rig (Figure 13) that can be easily constructed from a
55-gallon drum, 1 hp water pump, and some relatively
inexpensive piping. When the proper flushing connections have
been made, theck to be sure all accessible fittings are secure
and tight, and any valves in the line are open. Start the
pPump and tet the water circulate for at least ten 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 fifteen
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 coupiing
locations to check for loose or failed couplings. With ail ground
waier systems, check carefully for any visible signs of water
leakage before digging or boring dawn to any coupling
locations. If visible leakage is found, correct the probiem and
ratast the system. |f no visible signs of leakage exist, and the
Riping system is losing more than 5 PSIG in fifteen minutes,
then proceed to locate the source of the leakage. Remember for
proper system operation, there can be no leakage in the water
loop.

AlR VENTING -- Air vent is installed in front of the circulator
at the highest point in the system, Unscrew the cap on top af
the air vent two or three turns to alfow air to vent.

REMEMBER: The air vent does not eliminata the need for
thorough power flushing of the earth coupling befors start up.

EXPANSION TANK -- The ecasiest way to accommadate the
seasonal expansion and contraction of the earth coil is to
instail an expangion tank into the pipe system. Tha expansion
tank allows for expansion of transfer fluid in the ¢ooling mode
when it heats up.

Systems with an expansion tank are compistely separated from
the household water supply.

In systems with expansion. tanks, the system should be
pressurized to about 30-50 PSI initially. Connect a hose from a
household tap to.the boiler drain closest to the expansion
tank. The pressure can be checked at the air vent with a tire
Pressure gauge. Sysiems with a make-up water connection will
automatically be pressurized by the reguiator/relief vaive.

BOILER DRAINS -- Boiler drains are located on both sides of
the circulator for final fiiling, air purging and antifreeze

' addition.

The top drain should bs the highest point in the equipmant
roam piping. This will heip purge air out of the system during
final filling at start up.

FLOW RATE ADJUSTMENT-- When the sarth loop has been
camplietaly flushed and leak tested, remove the flexible
connection from the pipa ends and heok up the supply and
return lines to the appropriate connections on the water source
heat pump, turn on the circulator pump and let 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 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
fresly. Replace the indicater plug, open the isolation flanges,
wait a few minutes then rastart the pump.

The flow rate should be adjusted to the desired operating flow

of the model of water source heat pump being used (see
manufacturer's specifications) by using one of the isciation
flanges. Water flow should not be less than that of the

minimum flow rate required for the mode! of water source being
used. If water flow is less than system calculations indicate,
check your calculations. [f the calculations are correct, there
is some trapped air or restriction in the water circuit.
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vIIf. Qther |tems to be Followed

A. Follow the Instailation [nstructions for the water
source heat pump model being used to check the
operation of the refrigeration cycle and specifics in
installation in structure. The equipment manuai will
also show the electrical hookup and air flow
reguirements.

f. Follow the Air Conditioning Contractors of America,
"Manual D" for proper duct design for the air side of
the system.

FIGURE 13. PORTABLE RIGC FOR FLUSHING EARTH COUPLED SYSTEMS

EARTH COIL START-UP

FLEXIBLE LINES

RESERVOIR ® AIR PURGE
7 ® FLUSHING
* PRESSURE DROP
2 ® ANTI-FREEZE
® FILTERING
-— “/
PRESSURE
GAGE
s //5.7/ L 7
1 HP PUMP—
EARTH
COlIL
g .
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Closed Loop Systems Suspended in Ponds and Lakes

There have been a number of successful loop installations
by suspending 1 inch or larger diameter copper pipe coils
in lakes or ponds. There is some disagreement as to the
footage and size of copper pipe as well as pond size.

The pond should be appreximately 2 acres in size with a
volume of water equal to twice the size of the house being
heated. A larger pond will be required in colder climates.

The copper loop should be at least 150 feet of length per
ton of ground water heat pump, a minimum of 1 inch
diameter. The coil should be installed vertically off of the
lake or pond bottom and should be under several feet of
water. CAUTION: If the coil should become silted over,
performance will suffer considerably and wili operate as a
conventianal closed loop buried in soil. NOTE: The copper
tubing should be designed for outdoor use.

CAUTION: The performance 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
s designed to operate at lower water temperatures.

PIPE - LAKE EXCHANGER:

Use ™ TYPE L copper for the Iske exchanger. 150 ft. plus of
length per ton of ground water heat pump capacity.

CONNECTIONS:

Connect the lake exchanger to the 2" or 1-1/2" polybutylene
or polyethylene service lines by using a 2 or 1-1/2" brass
bushing and a copper male adapter. DO NOT thread plastic
into metal fittings to make the connection.

PLACEMENT :

Place the coil on the battom of the lake so that a minimum of it
is in contact with the lake bottom. If possible, stand the coil
vertically off the lake bottom. The coil must be under several
feet of water, A greater depth may be required in colder
climates.

SERVICE LINES:

Bury the service lines a minimum of ¥ deep across the shore
and keep them separated a minimum of 2' in the trench.

Follow the horizontal coil installation instructions for the
service lines to the lake exchanger.

PARALLEL LAKE EXCHANGERS:

Larger systems will require lake coils run in parallel.

CLOSED LOOP
LAKE EXCHANGER

e

e,

BELOW FROST LIN
4 FEET RECOMMENDED

‘ COPPER
> — COiL
PLASTIC SERVICE LINES ‘ ‘ ')’
‘\!g.\qp
PLASTIC MPT ADAPTER o

SEVERAL FEET BELOW
LOW WATER LEVEL

COPPER FPT
ADAPTER







TYPICAL WIRING OF
CIRCULATION PUMP QR 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.

Sml 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 completed.
__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.
" Size and type machine is scheduled. Larger trencher can complete job faster
“if weather is limiting factor,
__Alligator chain with Tungsten carbide mining teeth scheduled for installation,
"Tif needed.
Backhoe scheduled for installation, if needed.
Pipe fitting, clamps, fusion machme scheduled.
Testmg pump, reservoir, valve gauge assembly scheduled with correct size
~ fittings for pipe.
__5and scheduled, if needed.
Buried 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 unstable 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

_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.
Flttmgs fusuon machine, heavy extension cord.
Plpe 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.

__Sand, if needed.

Burled drip irrigation pipe, if needed.
(Other)

Compliiments of Ditch Witch
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SAMPLE OF COMPUTER PRINTOUT \
CUT HERE

ez e oo 2ohc s Db s 2o e s ool S O e S e N e g o e N e e M el b e i M e e e e i e Y WE
ERARD EARTH oo DESIGH -~

FOR FRED PREPKE DATE: 4 23,24
BOR 472
BRYAN., ORID :
JOE GEOGRAFPHIC LODCATION:ERYAN.OHIO
2 A 2o e s s S E 3 I o ez Y S S s s e e N See T T e 2 e S o et e 3 o S 2o S e T e e
EUILIDIING LOAD
BUILDING COOLING GRIN 20883 ETUN
BUILDING HEATING LOSS 3e8bé: ETUH
LOCAL GROUMD WATER TEMPERRTURE 52 F
ERFETH TEMF. SEFPT 18T 63 € 5 FT. DEFTH
EARTH TEMP. MAR 15T 41 @ S F7T. LEPTH
LOCRL SOIL COMDITIOMS: DRMP-HEAYY SOIL(CLAY)

. EFAFED HEAT FRPUMF MODEL
HiAFZs., HAFPFDZ2S ., WEYSeR. OFR WEYDoosH
HP PEEF&RNHHCE:

UNIT COOUING CAF. ® 52 OGrROUND WATER 3774l ETUH  14.13 EEE
”HIT HERTIWKG CRF. @ 352 GRGUND WATER Z549@ EBTUH ES.43  COP
UNIT OFERATING WRTERE TEMP. ERHGE &5 TQ 183 @ 5 LFM

APPROYIMATE WARMEST ENTERING WATER TEMP. 65

UNIT COOLING CHF. B 65 WATER TEMF. 36685% BTUH

AFFROAIMATE  COLDEST ENTERING WATER TEMP. 31

UNIT HERTIHG CRF. ® 31 WRTER TEMP. 25959 BTUM
+*##ﬁ***ﬁ*#mmmm*mﬁ***#«mw*#****mm*#**#‘#

DEZIGKN FGOR HORIZONTAHL ERRTH O LOO
4Fﬁ§ﬂéﬂfﬂtﬂﬁ4Fﬂfﬂﬁaﬁﬁﬁ“E*E:E4F¥F3E¥kﬁﬁaﬁ3F“?*EﬁﬁdFﬂFﬁiﬁﬁiF*ﬁdkﬁhﬂﬁﬂﬁﬁbﬂ‘ﬂ‘ﬁfﬂF4F

l1ig=z LEHMGTH OF FIFE FOR ZWSTEM

1142 LEHGTH OF TRENCH FOR SYSTEM
i FIFE I TRERNCH 2 [AWE S FT. DEFTH
1 1.2 FCOLYETHYLEMHME FIFE IN INAMEr—HERYY S0
ITL LAY >

2o e 3o o G el ez s 0 et e ot e P iz e el e ee: e e Sefes Sefes e 2ot et et ot 2t s s N vl 2o o e e e o e
TQ DETERMINE CIRCULRTION PUMP SIZE SEE SECTIONW ¥ MAHUAL 2160-023

To DETERMINE NZED OF RMTI-FRESEZE SEE SECTION VI MANURL 2166-8%3

DEZIGHM ON THIZ PRGE I3 APPLICAELE OHLY TO BRRD HEAT FUMPS.

THIS INFORMATION IS BRSED ON THE LARTESY THEORIES AHD PERFORMANCE

DRTA RYARILABLE AND I3 SUEJECT TO CHAMCE WITHOUT MOTICE AS
ADWANCES 1M THz TECHNGLOGY &rE MRLDE.

CUT HERE
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10.

EARTH COUPLED LOOP SYSTEM DESIGN

For: (Contractor)

{Address)

(City & State) (Zip)

(Telephone
Geographical location of installation: ,

{City) (State)
Building design: Cooling load: Btu/Hour
Heating load: Btu/Hour

Local ground well water temperature: Fe

Model of Bard Water Source Heat Pump to be used:

Type of system: Vertical Loop Horizontal Loop

Type of pipe to be used: Pipe Dia: In.1.D.

Proposed length of pipe:

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

Description and type of local soil at depth 1 to 6 foot depth.

a. DRY-LIGHT SOIL (SAND OR GRAVEL) - grass & weeds turn brown in summer
DAMP-LIGHT SOIL (SAND OR GRAVEL) or DRY-HEAVY SOIL {CLAY) -
. b. grass turns brown, weeds stay green
c. DAMP-HEAVY SOIL (CLAY) - grass & weeds stay green all summer
d. WET-SOIL - swamp, marsh bottoms, etc.
Send to: Earth Coupied Loop System Design

Bard Manufacturing Company
P.0O. Box 607
Bryan, Ohio 43506

F1115-284 22






