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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 WPVD 36
WPV53 or WPVDS53
WPVE2 or WPVDG62
WQS 30 or WQSD30
WQS36 or WQSD36
WQSsS50 or WQSD50

For EARTH LOOP SYSTEMS use one of the following:

WPV 30A or WPVD30A
WPV 36A or WPVD36A
WPV 53A or WPVDG3A
WPV62A or WPVD62A
HWP30 or HWPD 30
HWP36 or HWPD36




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

i. Determine the structure design heating load in Btuh lass
and design cooling load in Stuh gain. [t s very impariant
that an accurate load calculation of the structure be
done, therefore, it is recommended that "Manuai J" from
ACCA or other national accepted methods be used.

Il. Seiect a water sourcas heat pump. When selecting a water
source heat pump Tor 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
madels on the market today have a much smalier operating
range such as 45° to B85® or &0° to 85° entaering watar
temperature. Soma of those will not provide satisfactory
operation on an earth coupled installation,

The heating or couoling capacity of the water source 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
capacity of cooling equipment, should not be less than
calculated total sensible load nor shouid it exceed the
calculated sensible load by more than 25 percent. The
corresponding latent capacity shouid not be less than the
caiculated total latent load. The equipment sensible and
latent capacities shouid be determined from the
manufacturers cataloged performance data. Catalog
performance shouid be verified at the lecal ground water
temperature and indoor design conditions expected on a
design day. !

Heat pumps which are sized for heating oniy should not
be less than 75 percent nor more than {15 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 cocling shall be
sized to the cooling requirements specified above. In this
case the thermal balance point will be limited by the
design cooling requirement but, if a lower thermal baiance
point is desired, heat pumps may be oversized for
sensible cooling by up to 25 percent. Auxiliary heat
shouid be sized to make up for the difference between the
design heating load and the heat pump output on a design
day. Emergency heat may aisoc ba required in some
locations, 3

111. Selection of type earth 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 wails of the pipe. Earth
coupled systems are used in areas where insufficient
ground water is available, or where it is impractical to
drill a well. The piping may be buried in either a verticai
or a horizontal configuration.

When designing an earth coupled system, particular
attention must be paid to balancing the system batween
the heat pump unit and the earth coupled loop, In a
balanced system, the earth coupled loop will remove all of
the heat energy transferred to the water by the heat
pump {(cooling cycle}, and will provide all of the heat
energy to the water that the heat pump unit is capable of
absorbing (heating cycle}. The net resuit of a perfactly
balanced system is that the change in water tempearature
through the heat pump is offset by an equal and opposita
change in temperature through the earth coupled loop.
For instance, if the heat pump unit in tha cooling cycle
causes the water temperature to rise 15°F, then the loop
must cause a corresponding drop of 15°F,

1.2.3 "Manual 1 by Air Conditioning Contractors of America,
1981 Edition, p. 44,

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 locp water
temperature remains constant, because the ground temperature
may vary *15°F from season to season, the loop water
temperature may wvary +20°F from the balance peint
temperature. This is because the ground is able to overcodi
the loop water in winter, and may undercool in summer.
Because of this, the temperature of the water entering the
water source heet pump unit may drop below 30°F in winter or
rise above 100°F in summer. This range in entering water
iemperature is extremely important becausa water source heat
Pumps are designed to operate within specific operating
temperature ranges (see manufacturer's specifications for water
source heat pump operating rantes}. The temperature ranges
are established to protect both the heat pump unit and the
water lgop piping, Furthermore, these temperature ranges are
based on water only passing through the system. The low
temperature limit of 40°F in a water socurce heat pPuUmp unit is
astablished to protect tha 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 temperature can be
allowed to fall 10 30°F.

Use only a water source heat pump that can bae operated an
loop temperatures well below 40°F down to 25°F. information on
when to use an antifreeze solution in a ground coupled water
source heat pump system is contained in the following
discussions on vertical and horizontai configurations.

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.

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

YERTICAL, A vertical earth coupled system consisis 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 requires less
surface area {acreage) . In  areas where the ambient
groundwater (average well water) temperature is less than
60°F, the use of an antifresze solution, such as propylene
glycol, to aveoid freezing the loop is recommended. (Figures 1,
2 and 3},

Boreholes are drilled 4-3/4" in diameter for 1-1/2" diameter
pipe t0 a recommended depth of not more than 300 fest, over
300 feet it is too difficult to push the pipe to the bottom of
borehole, (100- 200 feet is sufficient), and are set a minimum
of 10 feet apart to avoid thermal overlap in the soil. For 3/4"
diameter pipe loop systems, the vertical loops are connected in
parallel to a 1-1/2" diameter pipe header. A borehold of 3" to
8" in diameter is used for 3/%" diameter loops, this lowers
drilling cost. The 3/4" diameter pipe also costs less par ton of
heat pump capacity. The smaller pipa is easier to handie, yet
there is no sacrifice in pressure rating. Alss two loops in one
hale reduces barehoie length. Depth for these systems is
usuaily between 80 and 180 feet. On a parailel system it is
very impertant that all loops are equal in length to insure
equal pressure drops.

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



58N
/

™~

"yidep 129y
00E pa2axa
jou pinoys ajoyaJoq

9ibuls v ‘108 adA) pue
uoneso] uc Bulpuadap uoc
J49d 1) o1 A|@1eunxoaddy

E\\\\\\.\\\\\\\\
E\\\\\\\\\\‘T

NOL/ L334 0S¢ 03 00Z :HLDONIT 3d!d
NOL/1334 §/1 01 001 :H.LONI] FH0H
HONIZ 2¢/1-1 "h/1-1 "1 'h/g :$371S 3AdId
. S3{¥3S :HLlvd MO14

*SMIUOS SS3jUIR)S
pue spueq |991s SSI|UIRIS 00E
adA1 yatm paulof ‘aua|Aingijod

AC

pautol uoisny
‘auajAyladjod yibuaais ybiH :3did

L u,ﬁu_u_

N, "M S1 0101 tulw

/, (192315 ssajueys

s_J padwe(d) Jo
(paurol uoisny)
| Buimid puad-n

WILSAS (SIYIAS) TvIILYIA

)

‘pepUIUIIOIIL Si

Ja1em 0} |00A16 auajAdoad

%07 JO uo(IN|OS DJix0)}-Uou Yy
*S8UCZ UJ3YlJ0U Ul papaau
aJe SUCIIN|OS 3z334)1UyY

‘310N
HILVM-AINTS d34SNYYL




(pauiol uotsny)
Bumit4 pusg-n

\;

NN

N N N N N N N VN R N N NN Y NS
AT M . N W T

L L L5 A ArSi

|tos

adA) pue uoneoo|
uo bujpuadsp
uo} 49d + "3} 041
AP1ewxoaddy

*SMIJDS pue spued }92)S SSI|UIB)S
00¢ 2dA 1 yum pauiof auajhingijod
yi1Buauys ybiy ao pautof uoisny
yi1buaays ybiy ausjAyiaijod

‘Q°0 ul 40 "A°0 uh/E

‘|eDIMDA Q0 WwZ/L-t “49pesH - Idid

Z 3ANDIA
9 Nvi3aq

F30QVYS IDAHIS —:_u
LIV L X piE
™~

..\\H w *S2U0Z UJ3Y)JoUu Ul papasu

Adid T/L ¢
94E SUOIIN[OS DZABAJNUY
‘310N
sdoo usamiag HIALVYM-AINTS HIASNVHL

‘B SLOYTOLTUIW

(] , NO.L/ L334 00 OL 00Z :SH.LON3I 3did
NO.L/.1334 00Z 03 00l :SHLON3I1 JH04
SIHONI L 3 #/€ :S321S 3AdId

131V YVd ‘HLVd MO1d

i
X ELLED \\

17

g J1e1sg

WILSAS (TINVHVd]) TVIILHIA



) * Backfill With Fine Trenching
Emul"‘d ! Residue. No Sharp Rocks.
eve ;
*Elbow-Double Clamp
4' Recommended ! or Fused
3 Dl
W Clay Grout or
g8 E—-—Concreta Plug
13t
[ERE I
fed
JH;.:’F—— Plastic Pipe
e
Depth VariesT ‘_L
j i— Granuiar Packing
|
) Clamp or Fused
e el
l Closa U-Bend Eitting
FIGURE 3. Vertical Earth Coupled Borehole & Piping

HORIZONTAL. A horizontal earth coupied system is similar to a
vertical system in that water circulates through undesrground
piping. However, the piping in this system is buried in a
trench, {Figures 7, 8 and 9).

PIPE DEPTHS

NORTHERN
ZONE
3ft.to5 M.

SOUTHERN
ZONE
¢ toBfe

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

Pipe depths in the Southern Zone shoulid be 4 to § feet, so
that the high temperature of the soil in late summer time will
not seriously affect system performance,

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 reiessed when the water contained in the soil is froaen.

Antifreaze soiutions used
Propyiene Giycol.

is a nen-toxic (20% by volume)

The use of muitiple pipes in a trench reduces total trench
length substantially. If a double layer of pipe is laid in the
trench (Figure 4), then the two layers should be set two feet
apart to minimize thermal interference. Example: A 1-1/2"
series horizental system with pipes at 5 feat and 3 feat. After
installing first pipe at 5 feet depth, partiaily backfill to 3 feet
depth using a depth gauge stick before instailing second pipe.
With the return line running closest to the surface and the
supply line running below it. This arrangement will maximize
the overail system efficlency by providing warmer water in
heating mode and coider water for cooling mode. Connect pipe
ends to heat pump after the pipe temperature has stabilized,
so that shrinkage wifl not pull pipe lcosa.

.

B

Two pipes in the same trench, cne above the other, separated \"\

by two feet of earth require a trench 60 percent as long as a
single pipe. The total length of pipe would be 120 percent as
long as a single pipe due to the heat transfer effect between
the pipes.

In addition, when laying a double layer of pipe, be carefui tcuv

avoid kinks when making the return bend {see Figure 3).
Backfill the trench by hand when changing direction. [f it is
necessary to join two pipes together in the trench, use the
fusion technique or IP5304 stainless steel fittings for greater
strength and durability, then mark fitting locations for future
reference by inserting a steel rod just below grade (see Figure
6}. The steel rod enables the use of a metal detector to find
joints in pipe.

B
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5~ Reet (Reference]

Jindnan

FIGURE %, Horizontal Earth Coupied Pipe

Separation in the Trench

Trenches can be located closer together if pipe in the pravious
trench can be tested and covered before the next trench is
started. This aiso makes backfilling easior. Four to fiva 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
tha soil significantly. In-such cases, the designer may specify
additional feet of pipe per ton of capacity. A few inches of
sand may also be put in with the pipe, or a drip irrigation
pipe buried with the top pipe to add occasional small amounts
of water.

FIGURE 5.
Saction View
(A 2 .
Machine !
Backfill /
;
Bend pipe to position shown
using extreme care to avoid kinking.
FIGURE &.

Polybutylene
Pipe

Insert

i Y Y i B
, AN < ~_STeel Rod
[ j,f ‘ Clamps Located Just
H ] and Fitting | Beloe the
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TABLE 1.

EARTH COUPLING CONSIDERATIONS

N

AREA OF CONCERN

VERTICAL SYSTEM

1\

HORIZONTAL SYSTEM

1. LIMITATIONS

Boreholes should not exceed
300 feet depth

Single earth coil should notwp”
exceed 1600 feet length

2. PIPING MATERIAL

SDR-15 IPS polybutyiene or
high density schedule 40
polyethylene

SDR-15 IPS polybutylene or
high density scheduie 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 paral-
lel— if parallel, all boreholes

must be equal depth

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

5. SERVICE LINES

Service lines between bore-
holes and from house to field
should be IPS poiybutyiene 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 |PS polybutylene
or high density polyethyiene
service pipe buried below
the frost line or to minimum
4 feet deep

s o

6. PIPE FITTINGS

IPS 304 stainless steel, brass
or nyion—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-

?ul!y: some "all-stainless™

clamps contain 400 series

screws which corrode when
exposed to some acids in the

soil

Same as vertical

9. CLOGGING

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

Same as vertical

FLUSHING THE
SYSTEM

10.

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 Cail

The earth coil must be designed to provide a balance
between unit capacity, soil resistance and pipe resistance.
Table 2 shows typical trench, ({pipe lengths} and hale
depths per ton of u©nit capacity at focal earth
temperatura.

Notice as the number of pipes in the trench or borehole
increases the total length of the pipe incru.ses by 20
percent for each time an additional pipe is addec_l.
Exampie: 400 ft, of pipe in a horizontal system u_nll
require 380 ft. of pipe in a horizontal system mll.requura
480 ft. of pipe when Installed in two layers in same
trench.

The values in the table are given for two sizes Pf
poiyathylene pipa, there will ba a smail difference in
lengths If polybuthiene pipe is used.

Te use the table for an approximate length for cost
estimation, divide tha capacity of the salected heat pump
unit, at local ground water temperature, for both heating
and conling modes by 12,000, Then multiply this number
times the length of pipe, trench or borehole dept.h fram
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 33,900
Btuh heating.

30T x GO0 ft = 1226 feat of 14" Sch 40
poiyethylene pipe required for cooling.

36,800 Btuh
12,000

.24 x B00 ft = 1297 feat of 14" Sch a0
polyathylene pipe required for heating.

38, 500 Btuh
12,000

TABLE 1.
PER TON* FOR VARIOUS

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

Therefore, approximately 1297 feet of -1/
polyethylene pipe is required for a horizontai
system with one at 5 foot depth in northern climate

Sch 40
earth coupled

.

This also assumes that the heating and cooling loads of the

structure are equal to the capacity of the heat pump in either
made.

Bard Manufacturing will design the earth loop for you if you
desire. Just complete the enclosed worksheat, Form No,
F1115-284 and send to:

Earth Coupled Loop System Design
Bard Manufacturing Company

Box &07

Bryan, Ohio 43506

Tha information will be inputted into a computer and a printout
with varicus earth loop designs wiil be sent to You.

TYPICAL TRENCH, (PIPE LENGTHS) AND HOLE DEPTHS

DESIGNS AND CLIMATES.

per ton of WSHP capacity may differ
and climate variations or other conditions.

Number of pipes in trench and vertical spacing (4-65' Horizontal)

Naorthern Climate Southern Cllmata
1ats 2Zat 3,9 4at 2, ¥, .5 1ate 2at9,¢ 4at ¥ 4,56
14"SCH. 30 3408 Polyethylene 4oo' (400") 280" (ago') 168" (672") 300" (a00') 280 (4a0h) 168 (677')
3/4"SDR-11 3308 Polyethylene 460* (460"} 275" (550'} 192" (768') B0 (UBQ") 275' (550°) 152" [768")

Number of loops in wet hole. {10-15' Horizontal spacing)

MNorthern Climate

or Southern Climate

1

| 2

14'SCH. 40 3408 Polyethyiene 140" {280°)

1200 (280%)

3/4'SDR-11 3408 Polyethylens 170° (330"

145" (29%0')

“Capacity of unit at local ground water temperature.
Contact Bard Manufacturing Company, Teiephone: 419-636-1195

[Table practical for 50°F to T0°F ground water temperature)

for additional information.

Table courtesy of Ditch Witch, The Charies Machine Works, inc.; Perry, Oklahoma.
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PRESSURE DROP CALCULATIONS TO
SELECT CIRCULATION PUMP

Transfer fluld requirements for closed-loop, earth-coupled heat
pump systems varies with fluid tempeérature and heat pump
size. To determine the circulation pump size requirement, the

EXAMPLE 1

system flow rate requirements (GPM for heat pump used) and Given:
tatal system pressure drop in feet of head loss. From these
two pieces of information a circulation pump can be selected A. Series horizontal system.

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 sourca 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 salection
tabie for flow rates that match Bard water source heat pumps
are in Table 3 of this section.

Following are two examples of how to determine the head loss
of esrth loops. First example will be a series horizontal system
and the second exampie will be a parallel vertical system.

C.

D.

Bard HWP36 water source heat pump to be used.

Heat pump watar flow requirement is 5 GPM with a 4.6 ft.
hd, loss (see Table 1).

Earth loap 1200 ft. 1-1/2" SDR 15 polybutylene pipe.

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

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

CIRCULATING PUMP WORKSHEET

1. Find the Bard heet pusp model uvsed in Table 1. MODEL t I w IE 3 b

L Entar waler col Peed fous: (Tabka 1)

4 o

I Gontinua scross Taola | w Mg GPM flow required for this et pusp, 56“

5. Counrt sich aibow, tes, regucer, sie s<oop, fowmetsr, stc., 28
3 FEET OF PIPE SQUIVALENT, Aad the BQUIVALENT SEET OF PIFE W the
actual famt of PIPE USED, Tha TOTAL LENGTH in used w determine the
PIPING HREAD LOSS below,

NOTE: For a paralsl artn looe Tystem figurs for only one loop At this tume.

#pe Typs No.Efbows, Tem Equiv. Ft. Actusl Pipe  Total Pipe
[ 3111 Oeviceg, Bir, * of Pipe Uped Langth
'll

ColpER Q0D « 60 . 20 _20

I5°PE _NoWE  « NoWE . 1200 j200

x3 -

x3 +

= THE PIPE |5 BEMT AT A Z FT, RADIUS QR LARGER, DO NOT FIGURE
THE CURVE A5 AN ELBOW.

§. PIPING HEAD LOSS for diffsrent types of pipe at CPM fiaw rets of witer wwurcs
hamt pump. NOTE: For parlisl earth icop sywtee Agure for oy onl leap,
then muiuply this piping ioss Dy the musber of loope i sysuml bty find tomi
hwed lows for sysiaw weal.

Ppe Type Towl Flge Pginge"
A Sizw - L Hema tous (Tabie )

’" CQEEER(,_E_Q__;M) x L?_.

'%-.PE dR0D: 100 x ol?, .

t.

{ ERLC >

ft,

{ Sreey x -

ft.

{ HRL I 4 *

sy parsilel sarth loope divide the hen pump GPM (line 71 by numbar of
loops 1o dmrermins flow rate thitegh eich Individusl loon to select
piping head loss. SUBTOTAL

g.4/2

fu

§. Multiply SUATOTAL by 1.1 to chmin TOTAL HEAD LOSS FOR SYSTEM / 0 q
»

uming progriena glycol snufreaze sadution,

TOTAL HEAD LOSS

7. PUMP SELECTIGN: Ve Tabis 1 ard fiom rate, (fine 7). Select the GRUND FosS

oo
ocugouys which is LARCER or sgual o the TGTAL HEAD LOAS FOR SYSTEM.
(linwg 5 or 8.

/

Clrcuiating Pusip sosel

No, Ausns

If vee TOTAL HEAD LOSS calcuistad In ilne 6 |$ greewer than tha DUl sutputs ilmed in Tabie 3, go ta tne pumd menufturars
parformancs cirves and find cha required GPM Mow for the heat PUBp. Pump performances are Usted for sh pusp mored Bt

Giffarem fow reoew.

Sevies pump performance 8 saply 3 TOT AL OF THE INDIVIOUAL PUMP PERFORMANCES: if one pump can overcome 10 feet of

e kops, (wo can ovarcome 19 fest of hesd loas, thres can overcama 10 fem of head loas, sic.

1120808
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EXAMPLE 2

Given:
A. VYertical system, F.
8. Bard WPVS53 water source heat pump. G.
C. Heat pump water flow requirements are 6 GPM with a 5.8 H.
ft.hd. [oss {see Tablia 1).
D. Heat pump connected to circulation pump module and
earth coil with 25 fr. of 1* |.D. connection hose.
E. Pressure drop through flow meter and air vent system
and connections to coil of water source heat pump 1* I

copper.

Three [cops {4 tubes) with 373 ft. pipe each,
Loops are 3/4" SDR-11 polyethylene pipe.

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

§GPM —-3 = 2 GPM Per Loop

240 ft. of 1-1/2" SCH 40 poiyethylene pipe headers.

CIRCULATING PUMP WORKSHEET

1. Find tha Gard hasi pump noddl wied it Table 1.

1. Emar water coul hewd less: (Tabie 11

L Contrie acroay Tabie 1 to find GPM flow required for this Fast pump, 6 GPM

3. Count ssch slbow, e, rutucar, sir woap, fowseter, atc, ,
3 FEAT OF PIPE EQUIVALENT, Add the EQUIVALENT FIIT QF PIPE s the
#Clusi fest of PIPE USED, The TOTAL LENGTH (s usad to datermine the
PIPING HEAD LOSS Caiow.

NOTE: For & parslisl earth 1069 tystmm figure for oniy one oop At this time,

Plpe Type ‘“o.Klbows, Tesd Equiv. Ft. Actusl Plpa Totsl Pipe
5 Size Daviews, Eie. * of Plps Usad Length

ImHosE _MA o KA . 25 25
1“CoPPER L4 x3 41.__&0__&_
MIPE 4 o J2 . 373 395
lh"pe 8 .« 24 . 240 264

P& -

woon WPV534_

\5-1 9 ft, rd,

"IF THE PIPE |S BENT AT A 1 FT. RADIUS OR LARCER, 0O NOT FICUAK
THE CURVE AS aM ELBOW,

5. PIPING HEAD LOSS for ctifferwnt types of pipe at CPM Mow rate of witer source

Fwst punp. NOTE: For paryilel sarth laop system figurs for oniy one loop,
then muitiply this piping foss By the number of laops in sysomm W find towmi
haad Ioss for sydtem totai,

Moe Type Total Hp. Plging*=
and Slra Hesd Loss {Table 2}

1" HosE_ _.I.S_rm» x 242 _ -
[CaPPER 82 i x 2T .

%-PE (axﬁ iom x hOR -3_93[3[008

l&.PE (a"f I x 0578 =

t o8 X = . hd.
HFor parulied aarth laops divide the hast pusp GPM (fine I by rumber of .
loaps W Cetermees fiow rets UTFOUGH each individual lag o selact . I 1
Piping hasd ious, SUBTOTAL i I- e, hey.

o5 . .

1. 40 . v,
1. 72 . .
1. 53 o .

4. Multlply SUBTOTAL by 1.7 o abtain TD‘I‘AL HEAD LSS FOR SYSTEM
uming profylens giycol antifreste solu

7. PUMP SELECTION: Use Tanis J and flow rute, {lina ). Saiect the
l[:l:uu; urlcn“ 4 LARGER or squsl to tha TOTAL HEAD LOSS FOR s\rs‘rla
ne % or

TQTA&H!AD% 41. ‘*5 fi. b,

40-75

Clruiating Pumep Mol Mo, Pumps

If tne TOTAL HEAD LOSS caicyulsted In lne & (v Greacer than the PUmpE sutputs Hstad in Tabie 3, 90 10 the pump mEnulactyrery

parformaacy curves ang fing tha rapsres CPL Mow for the haat pump. Puap
differses fAow raoe.

ary listed for ssch pusp soasl at

Jaritt fusD parformencs is smply 8 TOTAL OF THE INDIVIDUAL PUNMP PERFORMANCES: (f ana PARG CEN Svertiama 10 faeg of
Pttt Wk, two can overcobe 20 fagt of PFaed loss, three can overcie 30 fesc of huad lom, .

AEMEMBER: UNDER NC CIRCUMSTANCES MiX DINFFERENT PLDAP SI7ES WHEN USING PUMPS |N SERIES.

FITl3-400
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V. The Circulation System Design . \
To move the transfer fluid (water or propylene giyeo! and Desigr"l of cir:ula.tion system must include provisions for the
water solution} through the earth loop system and the following: (See Figure 10)
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.

1. Selection of a circulation pump or pumps for total system. v’
2, Providing air vents for start-up and running.

3. Providing for flow monitoring.

The compaonents for a circulation system are: {See Fig.

10) 4. Positive pressure control and limiting.

1. Flow Meter (Bard part number 8603-012) - on water-in 5. Antifreeze charging capability.
side to monitor water flow.

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

Determining pressure drop and seiecting a circulation pump or
pumps. Tt is very important in selecting the circufating 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
delivered to the water source heat pump, the pumping cost
and efficiency of the entire system.

3. Pressure Tank (Ex Trol Model- No. 60) - to alfow for
seascnal expansion and contraction and maintain system
under pressure.

4, 2 Boiler Drains - to allow filling of system and

antt reere aaamon.

5. Circulating Pumps - are engineered for each individual
system to provide the correct water flow and cvercome
the friction loss of the system piping. |soiation flanges
or ball vaives to insulate pump from system are
required on pump. You need to be able tu remove the
pump from piping without losing the transfer fluid for
repairs if ever required.

6. Brass Test Plugs - on both "water-in" and “water-out”
ines to monitor water temperztures. Llse one
thermometer to monitor these temperatures. Using two

different thermometers to measure the tempearature
differential can introduce large maasurement errors.

q =
6 i i -
o )

-
Detail A =

Pressure Tank

Pump Option
Water Source 5§
Heat Pump

Drain must
X)e trapped

3
(Biadder Type)

E
=

i 6 iy
= E
- =
rq I [ e I NS U310 e
Drain  NeuSee Water Out Water in
Detail A |

(! |
1Lt !
!
To Earth Loop Fram Earth Loop
NOTE: Always use 1" piping in equipment room regardiess of size

fittings on water source hedt pump water coil, Also never
use PYC plastic pipe in any earth coupled system!

Drawing compiiments of7

i
GE@sgstems inc. FIGURE 10. Closed Loop Equinment Room Pipina
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CIRCULATING PUMP WORKSHEET

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

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

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

E-J

. Count each elbow, tes, reducer, air scoop, flowmetar, etc., as
3 FEET OF PIPE EQUIVALENT. Add the EQUIVALENT FEET OF PIPE to the
actual feet of PIPE USED. The TOTAL LENGTH is used to determine the
PIPING HEAD LOSS below.

NOTE: For a parallel earth [oop system figure for only one loop at this time,

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

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

5. P{PING HEAD LOSS for diffarent types of pipe at GPM flow rate of water source
heat pump. NQTE: For parallel earth {cop system figure for only ons loop,
then multiply this piping logs by the number of loops in system to find total
head loss for system total.

Pipe Type Total Pipe Piping**

and Size Length Head Loss (Table 2)
{ 31000 X = ' ft. hd.
( $ 100 X = ft. hd.
( $1e0) X = ft. hd.
( T 100} X = ft. hd.
( 7 100} X = ft. hd.

**Far paraliel earth loops divida the heat pump GPM [line 3) by number of
loops to detarmine flow rate through each individual loop to select
piping head loss. SUBTOTAL ft. hd.

6, Muitiply SUBTOTAL by 1.3 to obtain TOTAL HEAD LOSS FOR SYSTEM
using propylens glycol antifreeze solution.
TOTAL HEAD LOSS ft. hd.

7. PUMP SELECTION: Use Table 3 and flow rete, (line 3). Select the pump
output which is LARGER or equal to the TOTAL HEAD LOSS FOR SYSTEM.
{line 5 or 6).

Circuiating Pump Model No. Pumps

tf the TOTAL HEAD LOSS calculated In line 6 is greater than the pump cutputs 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 a TOTAL OF THE INDIVIDUAL PUMP PERFORMANCES: if one pump can overcome 10 fest of
head loss, two can ovarcome 20 feet of head loss, thres can overcome 310 feet of head loss, etc.

REMEMBER: UNDER NO CIRCUMSTANCES M1X DIFFERENT PUMP SIZES WHEN LUSING PUMPS IN SERIES.[

F1115-034 14



TABLE Water Coil Head Loss TABLE 3. Selection of Circulation Pump or Pumps
In Feat of Head and C,P.M. Required
Heat Pump Feet G.P.M, Water Flow Rate
Model of Head Flow Rate Grundfos* | No. Required in G.P .M.
Pump of
HWP30 or HWPD 20 4.6 3 Models | Pumps; 4 5 § 8
HWP36 or HWNPD35 4.6 5 PUMP 20-42 1 11.5 b - -
WPV30A or WPVD30A 8.6 4 OUTPUT 26-54 1 1.8 18 [ 17,5 16
WPV 36A or WPVD36A 8.6 5 (FEET OF 2668 " o " o a
WPV53A or WPVYDS3A 5.8 L3 HEAD) * "
WPV62A or WPVDB62A 5.8 a ¢ 80-75 1 23.8 | 23.5 23 22,5
G.P.M. @ 40-75 2 47.6 47 46 43
TOF OF 26- 96 1 s | 2 | 26 | 238
COLUMN
26-96 2 55.0 58 52 57
*Other models of circulation pumps may be used.
Consuit the manufacturer's specifications.
TABLE 2. Piping Feet of Head [Loss at Different Flow Rates Per 100 Feet.
G.P.M. Flow Rata
Pipe Size
and Material 1 14 2 13 3 3} 4 5 6 a
Connection Hose 1" - * * ol 67 | JB9 P1.18 11,73 12,82 [1.43
Copper 1" _ * . * .86 * 1.5 |1.9 2.7 4.5
Palybutylene 1* SDR 13.5 1.05 * 1.79 | 3.71 13.80 |6.88
° 1§ SDR 15 * * . * |.o78 * |.126 |.191 |.267 [.356
" 14" SDR 17 - * - * |.085 * 170 |, 166 |.233 1.397
" 2" SDR 15 & 19 * * bl * 022 . .037 {.057 |.079 {.135
" 2" SDR 17 * Ll * » 021 * F.037].55 .0r8 {.,133
Polyethylene 3/4* SDR -11 .23 .62 1.02( 1.5 |2.08 | 2,7 (3,37 |5.04 [6.93 |11.9
" 1" SDR -11 .21 .35 .51 .72 1.92 1.18(1.73 |1.78 |2.38 [3,93
" 13" SCH. 40 - " * - » . 162 }.254 |.347 |.578
" " SCH. 40 * bl " - * * 046 {.069 {.092 [.162
NOTES: 1. These head losses are for water at 40°F temperature.

1. Count eech elbow, tee, reducer, air scoop, flow meter, etc., as 3 feet

of equivalent pipe length and add to actus! 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, muitiply the total earth loop head
loss for water by 1.3

15




vi.

Vit.

Freeze Protection

Antifreeze solutions used in earth loop system must be
non-toxic and non-corrosive. Nonh-toxic in case there is a

[eak_in_the lgop system so the ground water will not he

contaminated and non-corrosive to protect the metal
components used in the circulation pumps and other
sy stem components.

When the local well water temperature is below 60°F, the
water in the earth [pop should be protected from freezing
down to 15°F. The recommended antifreeze material is
propyiene glycol. To determine the amount of antifreeze
to be added to the water in the earth loop, calculate the
approximate volume of water in the system by using the
following table which gives the galions of water per 110

feet of pipe.

MNominal Pipe Matertal
Pipe Size | Copper Polybutylene Polyethylene
iy - 2.77 2.77
" 4.3 8.5 4.5
14 - 10.6 10.6
Fa - 17. 4 17.4
1" - 7.7 1.7

Add two gallons for the eguipment rocam devices and heat
pump.

PROPYLENE GLYCOL

A 20 percent by volume solution of propylene giycol is
required for 10°F freeze protection. The percentage of
antifreeze depends on geographic location.

For 100 gallons of water in system, 20 gailons
of propylene giycol is required,

Example:

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

Biock the system by closing an isolation valve. Blocking
flow prevents the antifreeze from being pumped into one
boiler drain and out the aother.

Attach hoses to the boiler drains. Run the uppermost
hose to drain. Connect the other hose to the submersible
pump in the bucket. Put fuil strength propylene glycal
into the bucket and pump in the amount needed to give
the required percentage by wvolume. When the required
amount has been pumped in, turn off the pump, close the
hoiler draing, disconnect the hoses and open the isolation
flange or gate vaive.

CALCIUM CHLORIDE

A 10 percent by weight solution calcium chioride and
water may aiso be used as an antifreeze in the earth
coupled system. It is also non-toxic, a better heat
conductor and less expensive than propylene giycol.
However, it is mildly corrosive, Multiply the gallons of
water jn the earth foop system by 1.4841 to find the
pounds of %497 percent pure calcium chioride required
far 10°F freeze protection.

System Start Up

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

FLUSH THE SYSTEM PIPING--DO NOT cannect the water
lines from the earth coupled loop to the unit before the
water lines have been flushed. Fiushing 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 loop piping, the heat pump unit may be
damaged. Therefore, follow this procedure carefully
bafore 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
E5-gallon drum, 1 hp water pump, and some relatively
inexpensive piping. When the proper flushing connections have
been made, check to be sure all accessible fittings are secure
and tjght, and amy valves in the line are open. Start the
pump and let 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, If there are no leaks in the line, the pressure will
not drop. If the pressure in the line falls by more than 5
PS5IG, it may be necessary to dig holes at the coupling
locations to check for {oose or failed couplings. With all ground
water systems, check carefully for any visible signs of water
leakage before digging or boring down to any coupling
locations. If visible leakage is found, correct the problem and
retest the system. If no visible signs of leakage axist, and the
piping 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.

AIR YENTING -- Air vent is installed in front of the circulator
at the highest peint in the system. Unscrew the cap on top of
the air vent two or three turns to allow air to vent.

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

EXPANSION TANK -- The emsiest way to accommodate the
seasonal expansion and contraction of the earth coil is to
install an expansion tank into the pipe system. The expansion
tank allows for expansion of transfer fluid in the cosling mode
when it heats up.

Systems with an expansion tank are completely separated from
the household watar supply.

In systems with expansion tanks, the system should be
pressurized to about 30-50 P51 initially. Connegt a hose from a
household tap to the boiler drain closest to the expansion
tank. The pressure can he checked at the air vent with a tire
pressure gauge. Systems with a make-up water comnection will
automaticaily be pressurized by the regulator/relief vaive.

BQILER DRAINS -- Boiler drains are [ocated on both sides of
the cirtulator for final filling, air purging and antifreeze
addition.

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

FLOW RATE ADJUSTMENT-- When the earth loop has been
completely flushed and leak tested, remove the flexible
connection from the pipe ends and hook up the supply and
return 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, insart a small blade screwdriver
into the motor shaft and turn gently until the shaft moves
freely. Replace the indicator plug, open the isolation flanges,
wait a few minutes then restart the pump.

The flow rate shouid be adjusted to the desired operating flow
of the modei of water source heat pump heing used (see
manufacturer's specifications} by using one of the isolation
flanges. Water flow should not be less than that of the
minimum flow rate required for the model of water source being
used. If water flow is less than system caiculations indicate,
check your caiculations, If the calculations are correct, there
is some trapped air or restriction in the water circuit.
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Vil

Other Items to be Followed

A. Follow the I[nstaliation Instructions 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 manual wiil
aiso show the electrical hookup and air flow
requirements,

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

FIGURE 13. PORTAEBLE RIG FOR FLUSHING EARTH COUPLED SYSTEMS

EARTH COIL START-UP

FLEXIBLE LINES
RESERVOIR ® AIR PURGE
) & FLUSHING
Ve & PRESSURE DROP
2 ® ANTI-FREEZE
FLOW e FILTERING
METER

DRAIN

PRESSURE
. . GAGE

s s 0% Z 7 o 7 g 7
1 HP FUMP/

EARTH
CoIL

ey
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TYPICAL WIRING OF
CIRCULATION PUMP OR 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)

IIII

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,
" if needed.

__Backhoe scheduled for installation, if needed.

P1pe fitting, clamps, fusion machme scheduled.

Testmg pump, reservoir, valve gauge assembly scheduled with correct size
~ fittings for pipe.

__Sand scheduled, if needed.

Bur:ed drip irrigation plpe scheduled if seasonal soil moisture control desired,
(Other)

TRENCHING

Is jobsite flagged for buried conduits and WSHP pipe route?

Alhgator chain with Tungsten carbide mining teeth for frozen soil and rock.

~ Feed chute for unstable soils.

—_Backhoe for access holes, Iarge 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, p!ywood strips for intersecting trenches, claw hammer, nails.
__(Other)

PIPE INSTALLATION AND TESTING

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

P1pe 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.

T Sand, if needed.

~_Buried drip irrigation pipe, if needed.
(Other]

Compliments of Ditch Witch
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SAMPLE OF COMPUTER PRINTOUT

CUT HERE \\

b e e s s e T ot s N et Tt s et s e S b T e e e e M e o b e i e e e e M e e e Y M
BEARD EARARTH LOOF DET IGH -’

FOR FRED PREFKE DATE 4723724
BOX 472
BREYAN. OHIC
JOE GeOGRAFPHIC LOCATION: BERYAN.OHIC
E S 22 S b 2 I 3 53 20 26 3 2 3 o 0 s e 3 R s s c s s aes ol R el e e 2o e s D e 2 e A 2
BEUILDIDING LOAD
BUILDING COOLING GRIH 208@3  BTUH
BUILDING HERTING LOSS 3Sewdd  ETUH
LOCAL GROUMD WRATER TEMPERATURE OS2 F
EARTH TEMF. SEPT 15T 63 @ 5 FT, DEFTH
ERARTH TEMF. MAR 15T 41 @ 3 FT. DEPTH
LOCRL SOIL COMDITIOMS: DAMP-HEAYY SOIL(CLRYD

. BARD HEAT FPUMF MODEL
HIWNF2S, HAPFDES ., WRPWIaeRA. OFR WEVIDSEA
HP PERFURMANCE:

DNIT COOLING CAF. 8 92 GROUND WATER 37748 EBTUH 14.13 EER
UNIT HERTING CAF. & 52 GROUND WRTER 35488 ETUH E.43 COP
UNIT GFERATIHG WRATER TEMP. REAMGE &35 70O 185 2 3 OFN

APPRECXIMATE WARMEST ENTERING WATER TEMP. €5

UNIT COOLING CAF. @ &5 MWRTER TEMF. G36B3EF ETUH

AFPREOAIMATE COLDEST EWTERING WATER TEMF. Z1

UNIT HEATING CRAFP. 8 31 WATER TEMF. 25558 BTUH

2o e i 1 S 2 2 3o o o M N 9 o S 2 e 24 9 e e N S e e e e e e S e i o e

DESIGHN FOR HORIZONTAL EARTH LOOP

2oz 2ol e o D M ot e e S e M e e v e 2ol e e SRS S 2 W e 2o St S ol S e e et B S el e bl e el e
114 LERGTH OF FPIFE FOR =SYWSTEM
114942 LERHGTH OF TRENCH FOR SYSTEM
FIFE I TRERNCH @ A[AvYE 5 FT. DEFTH

1
1 12 FPOLYETHYLENNE FPIFE IN DAMPF—HEAWY SO
ILICLRAY >

3 392 S S 0 2 es s 2o s e s el et et e ol oo Sefec e et e St o e e e 2 S NS I TN S et e A e et 2 o
TC DETERMINE CIRCULARTION PUMP SIZE SEE SECTICOH ¥V MAHUAL Z188-823

TO DETERMINE MEED OF RANTI-FREEZE SEE SECTION ¥I MANUAL 21680-023

DEZIGN ON THIZ PRCGE I5 APPLICABLE OWMLY TOQ BARD HERT FUMPS.

THIS IWFORMATION IS BR3SED ON THE LATEST THEORIEZ AND PERFORMANCE

LRTAR AYAILAELE AND I3 SUBJECT TO CHANGE WITHOUT NOTICE A3
ADYANCESZ 1M THE TECHWOLOGY ARE MADE.

CidT HERE
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9.

10.

EARTH COUPLED LOOP SYSTEM DESIGN

For: (Contractor)

{Address)

(City & State) {Zip)

(Telephone
Geographical location of instaliation: ,

(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 soii 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 Coupled Loop System Design

F1115-284

Bard Manufacturing Company

P.O. Box 607
Bryan, Ohio

43506
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