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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 3§
WPV 53 or WPVDS53
WPVe62 or WPVDe62
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 WPVD53A
WPV62A or WPVD62A
HWP30 or HWPD 30
HWP36 or HWPD 36
WPV 3i0B
WPV36B
WPV53B
WPVe2B




The design of an sarth coupled system is divided up into tha
following steps.

l.

that an accurate load caiculstion of the structurs be
done. thersfore, it is recommended that "Manual J" from
ACCA or othar national accepted methods ba used.

II. Select 8 water source heat pump. When seiecting a water
Source heal pump for usa on &n earth coupied system, it
may have to operate at entering water temperstiures
between 10°F to 100°F, tharefore it is very important that
tha minimum snd maximum entering water temperatures of
the selected water source be within that rangs. Several
modeis on the markast today have 8 much smaller opersting
ranga such as 43* to 85° or 60° to 85° antering watsr
tempersturs. Some of those will not provide satisfactory
operation on an sarth coupled instailation.

The heating or cooling capacily of the watar sourca heat
pump should ba determined from the manufaciurer's
specifications for the local ground water temperatures.
The water source heat pump should be sized as follows:

Heat Pumps Sired For Cooling. The sensibla output
capacity of cooling equipment, should not be less than
calculated total sensible load nor should it exceed the
calculatad sensible load by more than 25 percent. The
corresponding latent capacity should not be less than the
calcuiated total latent load. The equipment sensible and
latent capacitles should ba determined from ths
manufacturers cataloged performance data. Caulog
performancs should be verifisd at the local ground water
temperatura and indoor design conditions expected on 2
design day.

Heat pumps which are sized for heating only should not
be lass than 75 percent nor more than 113 percent of the
calculated total heating load, (Auxiliary heat should bae
sized (o make up for any defllcleicy in output when the
heat pump unit is undergized,) Emergency heat miy ba
required in some Ipcations.

Heal pumps whick provide hesting and cooling shall be
sized to the cooling requirsments specified above. in this
casa the ihermal balance point will be limited by tha
design cooling requiremant but, if a lowar tharmal balance
point is desired, heat pumps may be oversized for
senzible cooling by up to 25 percent, Auxillary heat
should be slied to make up for the difference between the
design heating load and the heat pump outiput on & design
day. Emargency hest may also be required in some
locations, 3

111. Selection of type sarth coll and materlals to be used.

EARTH COUPLED SYSTEMS--Earth coupling is a method
by which water used by the heat pump is clrcuinted
through pipes buried in tha ground, Heat is transferred
ta and from the soil through the walls of ths pipe. Earth
coupled systens are used In areas where Insufficient
ground water is available, or whare it is impractical to
drill a well, The piping may be burled in eithar & vertical
or & horizonul configuration,

When designing an earth coupled system, " particular
attention must be paid to balancing tha system bhetwadn
the hest pump unit and tha earth coupled loop. in a
balanced system, the earth coupled loop will remova all of
the heat energy transferred to the water by tha heat
pump (cooling cycle), and will provide afl of the heat
anergy 10 the water that the heat pump unit is capable of
absorbing {heating cycle), The net rasult of a perfectly
balanced system is that the change In water temperalure
through the heat pump is offset by an equal and opposite
change in temperatura through the earth coupled loop.
For instanca, if the heat pump unit In the cooling cycle
causes the watar temperature to rise 15°F, then the loop
must cause s corresponding drop of 15°F,

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

A word of caution is required here. Although the earth
coupied loop |s designad for a balanced rise and falt in water
temperature, suggesting that ths nat average loop water
temperatura remaing constant, bacsuse the ground temperature
may vary $15°F fram samson to ssason, the loop water
lemperature may vary $20°F from the Dalance point
temperature. This i3 bescause the ground is able ta avercool
the loop wsatar In winter, and may undercool in summer.
Because of this, tha temperaturs of the water entering the
water source heat pump unit may drop balow H°F in winter or
rise above 100°F in summer. This range in entering water
temperaturs s extramaly important bscause water source heat
pumps ars designed to operate within specific operating
temperature ranges (sse manufacturer's specifications for water
sourca heat pump operating rangas). Thes temperature ranges
sra astablished to protect both the heat pump wunit and the
watar loop piping. Furthermore, thess temperature ranges are
based on water only passing through the system. The low
temperature limit of 30°F in & weier source heal pump unit is
establishad to protect the loop water from freexing. Again,
this low {imit presumes that water onty flows through the
system. (f, however, wetar is mixed with a non-toxic
antifreeaza solution, the entering water temperature can be
sllowed to fali 10 30°F.

HEAT PUMP:

Use only = water sourca heat pump that can be operated on
loop temperatures wall balow 30°F down to 25°F. Infarmation on
whan (0 use an antifreeze solution in' a ground coupled water
sourca hest pump sysitem I3 contained in tha following
discussions on vertical and horizontal configurations.

PIPE:

Use polybutylens (PB) or polyethylene (PE) pipe for horizental
coils, vertical U-bend weils and for service lines to the welis
and leke exchangers. IPS PB pipe is used with insert fittings
and clamps. CT5 PB pipe is fused together with appropriate
fittings using a fusion tool. PE pips is heat butt fused with
appropriate fittings using a fusion tool.

CLEANLINESS:

During Installation keep trash, soll and smali animals out of
the plpa, Leave the ands of the earth loop pipe taped until
the pipe |8 ready to be connected to the sarvice lines or the
equipment room piping.

PRESSURE TESTING:

Plastic pipe assembiies should be presaure tested at twice the
anticipated system operating pressure prior to backfilling.
Mormal static equipment room pressura is 50 psig.

BACKFILL:

Narrow trenchas made with a chain trencher can be backfliled
with the tailings providad no sharp rocks are present.

Wider backhoed trenches can be backfilled with ths excavated
matariasl provided It Is In loosa granuiar form. If the material
contains clumps of clay or rocks, the plastic pipe must be
:ovl:red first with sand before fllling in with clumps and
rocks,

Drillad boreholes of 4§ Inches In diameter are common for
vertical geothermai wells. Backfill may be sny granular material
not containing sharp rocks. This includes the drilling tailings,
sand, pes gravel or bantonite mud,

LOCATION MARKERS:

It is desirabla that the locatlons of importent points such as
wall heads be marked for subsequent recovery. The placement
of a stesl rod just beiow the surface can identify these
features or mark the outiine of an entire serpentine garth coil.



AS-BUILT PLANS:

Earth coupling featuras should ba drawn on a site plan as
installad if possible, to aid in the location of key componants.
A simple way 1o locate key faatures ie t0 make 2 messuremants
(sides of a triangia) from 1 corners of a bullding to the
feature. Record thesa measursmants /n a table on the pians.

Reasons for using an earth coupled system.

1. Uniike a standard solar 3ystem the loop oparates day or
night, rain or shine ail year, delivering heat to and from
the heat pump.

1. It is cost effactive in northern or southern climates.

3. Because the water circuiates through a seaied closed-foop
of high strength plastic pipe, it eliminates scaling,
corrosion, watar shortage, pollution, waste and disposal
problems possible in some cpen well water systems,

VERTICAL. A vertical ssrth coupled system consists of one or
more vertical boreholss through which water flows in plastic
pipe. A distinct advantage of e verticai 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 usa of an antifreeza solution, such as propylens
giycol, to avoid freering the loop is recommended. (Figures 1,
2and 3) .

Boreholes are drilled 5" to &' in diameter for 1-1/2" diameter
pipe. For 3/4* diameter pipe loop systems, the vartical loops
are connected in parallel to a 1-1/1" diemeter pipe header. A
borehole of 3" to 4" in diameter is used for /4" diameter
loops, this lowers drilling cast. The 3/4" diameter pipe aiso
costs less per ton of hest pump capacity. The smailer pipe is
easier to handle, yet there is no sacrifice in prassuras rating.
Also two loops in one hole reduces borehols length. Depth for
these systems is usually between 80 and 180 fest.

The basic components of a vartical earth coupled system are
detaiied in Figure 1. Each borehole contains a doubla [ength of
pipe with a U-bend fitting at the bottom. Muliiple boreholes
may be joined in series or in parallel. Sand or gravel packing
is required around tha piping to assure heat transfer. In
addition, the bere around the pipes and immediately below the
service (connacting} lines must bs cemented closed to prevent
surface water contamination of an acquifer in accordance with
iocal health department regulations.

SERIES U-BEND

A series U-bend well sarth coupiing is ana in which atl the
water flows through all of the pipe, progressively traveling
down ang then up each well bore, Series wells need not be of
equal length.

PIPE;

1-1/2" €TS5 or IP5 polybutyiene or polyethylena pipa Is
commoniy used in 5 to 6 inch bore holes. IP5 PB pipe is used
with insert fittings and cismps. Turn the clamps so that they
face inward and wil! not be chaffed by the well bore. Tape the
clsmped section of the U-bend with duct tape to provide added
protection to thea clamps while the pipe is being installed intc
the well.

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

STIFFENER:

Tape the last 10 to 15 feet of pipe above the U-bend together
to a rigid piace of pipe or conduit. This will make installing
the pipe into the wel| easier.

FILL AND PRESSURE TEST:

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

MULTIPLE WELLS:

Muitipie 100" welis connected in series ara the easiest to drill
and install in most areas. It will be difficult to sink water
fllled plastic U-bends into mud filled holes over 150° deep
without waeights. Wells are generally spaced 10 faet apari in
residential systems.

SERVICE LINES:

Follow the guidelines for the horizontai earth coil when
installing the service i{ines to and from the U-bend wall.

PARALLEL U-BEND

A parailel U-bend well earth coupling is one in which the
water flows out through one headar, I3 divided equally, and
flows simuitaneousiy down two or more U-bends. it then
returns to the other header. Headers are revarse rasturn
plumbed so that equal length U-bends have equal flow rates.
Lengths of individual parallel U-bends must be within 104 of
each other to insure equal flow in each well.

PiPE:

1-1/2" CT5 polybutylene or polyethylene pipe is used for the
headers with 1”7 or 3/4" pipe used for the U-bends. 4" bore
holes are sufficient for placement of 1* U-bends.

Follow "Series U-bend Weil" instructions on:

STIFFENER

FILL ¢ PRESSURE TEST
MULTIPLE WELLS
SERVICE LINES

RULE OF THUMB

Doubis U-Bend
34" 314" 41U
1 Jvr 512
114 4 53/4"
112 4 3/4% 8
2 8 7

RULE OF THUMB

PVC pipe is not recommended for the buried portion of
the aarth coupled ground heat axchangar.

RULE OF THUMB

For parallel systems, use one icop for each one ton
(12,000 Btuh} of heat pump capacity. For example a
threa ton heat pump wouid have three parallei loops.
Headers are constructed from 3/4 and 1 inch pipe. For
heat pumps with reduced flow requirements (2 GPM/ton
and [ess), the seriges system should be considered in
order tg maintain the necessary fluid wvelocities 1o
promote good heat transfer. See Table 1B,




‘1 3YNoid

L2 d
- 3 - F/
y ‘ " ‘1) §1 01 QL Ul
1 v M ™~
y m /, (19915 ssa|ure}s
y % 1_f paduwed) 4o *S3U0Z UJAYIL0U Ul PIpPABU
y w d (paulol uotsny) 2Je SUOIIN|0S 32z IUYy
y # *yidap 133y Bunig pusg-n
weedf |Cecee 008 Po9OXD N ‘310N
jou pjnoys 3joyasoq ! BILVYM-GINTd ¥34SNVHL
a|buls v -11os adAy pue
uoneso| uo buipusdsp uoy
19d 1) o1 APrewixosddy _

NOLl/1334 0SE O} 00Z -

HONIZ 32/1-1 ‘t/L-1 “L “h/E
S31¥3s

sbumyy

uoIsny 1eaYy 40 SMIUIDS SSIUIES
pue spueq |29)s $S3|ujeis 00€
adA1 yum pauiol ‘suajhingAjod

A0

pauiof uojsny
*auajAyisijod yibuaais ybIH

HLON3T 3did

NOL/133d 521 © 001 *HL1DN3T TH048
:S3ZIS 3did
‘H1vd MO1d

-3did

WILSAS (531¥3S) TVIILH3IA



N , , 73 P
8 v {paulol uoisny) V\u 8 iviida ‘v

A
6 : 3700vS IMAEIS
g uilll4 pusgd-n LI L X L piE _)_J
y e N
y > -\
’ 3did 2/ 3 *$3U0Z UJ3YlJou U] papalu
H* 3JB SUQIINJOS BZIVIINUY
‘] \., ‘310N
u sdoo| usamiag HILVYMQINTd ¥IASNVYHL
§ ‘13 S1L 01 OL"UIW .
ettt
J L (] A NOL/ 1334 cok 01 007 :SHION3T 3did
10S
adAy pue :o_Lwo_ : NOL/13324 00z 01 001 :SHLONIT Y04
uo %:_ucu%u SIHONI L 2 /€ 1SIZIS Tdid
uoy 4ad + ) .
>_3mE_xow%Qn% FTATIVHEYd H1vVd MOTd

8 [elag

SH3IAvIH

sBupnly uoisny 1e3y S0
SM3.13S pue spueq 32)S SSajuliels
ooc adAL yum pautol sausjAingAjod
yibuaays yby 1o paurol uoisny
yi1Bua.nys ybiy auajAuyraijod
‘A'Q ul 40 Q0 WM/

‘fedNIBA Q0 wz/1-1 ‘49pedH - Idid

WILSAS (TITIVHVC) TVIILYIA



FIGURE 3. Series and Parallel Vertical Loops
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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 burled in a
trench. (Figures 7, 8 and 9},

PIPE DEPTHS

NORTHERN
ZONE
IMwob6h,
———

SOUTHERN
ZONE
4ft. o8 fr

Pipe depths in the Northarn Zone should ba 3 1o 5§ feet.
Excessiva depth will reduca the abitity of tha sun to recharge
tha heat used in winter.

Pipe depths in the Southern Zone should be 4 to & feet, so
thet the high temperatura of the soil in (ate summer time will
not sericusly affect system performance.

Antifresze will be necessary In the Northern Zone to prevent
freezing of the circuiated water and 1o allow the system to
gain capacity and afficiency, by using the large amount of
heat released whan the water contained in the soil is frozen.
Antifreaze solutions used is a non-toxie Propylene Glycol
or Calcium Chloride,

The use of muitipla pipes in & trench reduces totel tranch
length substantially. |f a double layer of pipe is laid in the
trench (Figure 8}, then the two layars should ba set two feet
apart to minimize thearmal interference. Example: A 1-1/2%
saries horizontal system with pipes at 5 feet and 3 feet. After
inswaslling first pipe at 5 feat depth, partiafly backfill to 3 feat
depth using a depth gsuge stick bafore Instalfing sacond pipe.
With the return line running closest to the surface and the
supply. lina running below it. This arrangeme .t will maximize
the overall system afficiency by providing warmer water in
heating mode and colder water for cooling mode. Connect pipe
ends to haat pump after the pipe temperature has siabilized,
3¢ that shrinkage will not pull pipe loose.

FIGURE 4A. Single and Stacked Horizontal Earth Coils

Two pipes in tha same trench, one above tha other, separated
by two faet of earth require a trench &0 percent as long as a
single pipe. Tha total length of pipe wouid ba 120 percent as
fong as a single plps dua to tha heat transfor effect batween
the pipes.

!n additlon, when laying a doubia layar of pipa, ba carefui

to avoid kinks when making the raturn bend (see Figure 5).
Backflll the trench by hand when changing direction. If it is
necessary to join two pipes togethed in the trench, use the
fusion techniqua for IPS304 stainless steel or brass fittings for
greatar strength and durability, then mark fitting locations for
future reference by inserting a steei rod just below grade.
Tha steel rod enables the use of a matal detector to find joints
in pipe.

Trenches can be located closer together if pipe in the previous
tranch can ba tested and covered hefore the next trench is
started. This aiso makas backflliing easier. Four o five feet

spacing is good.

In those areas with dry climates and heavy clay soil, heat
dissipated into the soil may reduce the thermai 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 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 5A, Horlzontal Earth Coil Turnarounds

Section View

HACHINR
QACKFHEL

FIGURE 48B.

ENB piPR TO
FONITION BmOwn
USING KX TRaMg
CARE YO Avoin
KINKinG
NARROW TRENCH RETUAN BEND DETANL
DOUBLE LATER HORIZOMTAL EARTH con

When making the return hand be careful net to
kink the pipe. I" pipe requiras a 4' diameter
bend.

RULE OF THUMB

Maximum length for series systems is:

a) 1500 feet for 1-1/2 inch pipe ar nominal
three toan heat pump system and

b} 2500 feat for 2 inch pipe ar nominal five
ton heat pump system.

NOTE: Fluld pressure drop dictates the
length of pipa run in any ground

heat exchanger design.

()



FIGURE 6.

GROUND HEAT EXCHANGER BUILDING STUB ouTt

fmr—1 {4 tf
min min

11t
min

14" OA 27
HEADER PIPE
{SUPPLY & RETURN)

4 Inch PVC
SLEEVE

‘LONG SWEEP
ELBOW

Ih

Note: »
{1) Ground Heat Exchanger Stub Outs should be spacad a minimum of
1 ft. from any wall of obstruction.

(2) Long Sweep Elbows are required for 1-}-' or 2° Heacer Pipes.

Series horizontal eerth couplings are ones in which all tha
water flows through ail of the pipa. These may be made of 1",
13" and 2" pipe either insert coupled or fused.

NARROW TRENCHES:

Narrow tréenches are installed by trenching machines. The
trenches are usually & wide. Generaily speaking, the trencher
will require about S5' between trenches, This is sufficient
spacing for horizontal earth coils.

The pipe can be coiled inta an adjeining trench. Since the
trencher spaces the trenches about 5' apart, looping the cail
from one trench to another will give a larga enough diameter
return. The end trench should 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 carefully to avoid Kinking the pipe and hand backfill the
area around the return bend (Figure 5).

To reduce the bend radius, elbows may be used. However,
keeping the number of fittings underground te a minimum may
be preferable since the potential for leaks is reduced.

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

FIGURE 4C. A Wetting System for

Horizontal Earth Coils

2 FEET

EXISTING QRADE

DEFARTMENT

BY HEALTH

ORAVEL

4 FEET
MINIMUM

SEFTIC LATERAL

P

SAND MILL

EAATH GcOoIL

2 FEET
MiNiMUN

~ulf-

BACKHOE TRENCHES:

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

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

2 FEET
iU

EXISTING
GRADE

THAM

SAND FILL

MOY LESE
310 & FEET

EARTH COIL LINES

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

WIDE TRENCH RETURN BEND DETAIL
FIGURE 58. SIMGLE OR DOUBLE LATER
HORIZONTAL EARTH COIL

BACAVATES MT AT LEieT
4 FERT BERF AMD LARGE
WNOUCH TG ACCEFY &
HAL CABITER LOOP

' widd THMIwCH

HRnD PWE 1O POMTION SnOwN
VSINE AXTMIME CaMl TO AvOW

SERVICE LINES: Fahnna

The recommendations for the horizontal earth cails aiso apply
for the installation of the service lines to and from the U-bend
welis and pond or lake exchanger.

Bury the service lines a minimum of 3' for single layer pipe, ¥
and 5' deap for double layer pipes.

If two pipes are buried in the same trench, keep them 2'
apart.

A parsifel horitontal earth coupling is ona in which the water
flows out through a supply header, i§ divided equally, and
flows simultanesusiy into two or more earth coils. It then
returns to the other header, Headers are reverse return
plumbed 5o that equal length earth coils have equal flow rates.
Lengths of individual paraliel earth coils must be within 10% of
each other to insure equal flow in each coil.

Follow "“Saeries Horizontal Earth Coupling” instructions on
NARROW TRENCHES and BACKHOE TRENCHES.

RULE OF THUMB

TRENCH LENGTH 15 REDUCED N THE FOLLOWING PROPORTION
WHEN MULTIPLE PiPES ARE INSTALLED iN A SINGLE TRENCH.

Number of Pipes Trench/Pipa (Feet) Depths {Ft)

1 500 / 500 H
2 300 / 600 4,6
4 200 / 800 3,4,5,6
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PIPE JOINING METHODS

HEAT FUSION: Heat fusion is the process whare plastic pipe

materials
meiting point,
homageneous mataeriai.

1.

are aligned, cleaned or trimmed, heated to their
brought together, allowed to cool to form a
The appropriate ASTM standards are:

D 2610 "Specifications for Butt Fusion Polyethylene
(PE) Plastic Pipe Fittings, Scheduie 40*

Scope:

2. D 2683 "“Specification for Socket-Type Polyethylene
Fittings for Outside Diameter Controtled
Polyethylene Pipe"

Scope:

3. D 2657 “Practice for Heat Joining of Polyolefin

Thermop!astic Pipe and Fittings”
Scope: This practice describes general
procedures for making joints with poiyoiefin
pipe and fittings by means of heat-joining
techniques in  either & shop or field
anvironment.

For reliability, all underground piping joints should be

thermally fused rather than mechanically coupled. The

arguments for this are:

1.

Heat fusion joining resuits in a joint which is stronger

than the pipe itsaif. The pips wall at this point has a
larger <cross section which gives the joint the added
strength,

The connection or joint is all plastlc eliminating corrosion
problems.

There are indusiry standards (ASTM, PPi,--} which have
written guidelines for proper joining methods.

Training programs are availabte from the manafacturerts of
the pipe and fusion machines.

HEAT FUSION METHODS: The industry has accepted two heat
fusion techniques, butt and socket. The fusion method chosen
will depend on the pipa manufacturer's requirements and
recommandations, and tha eas# in which fiek personnel can be
trained to reliably fabricate ground heat exchangers.

SOCKET FUSION JOINING: In the socket fusion methed, the
two pipe ends are joined by fusing sach pipe end to a socket
fitting ({sea Figure 10A). This requires two heat fusion
procedures for each joint,

BUTT FUSION: The second type of heat fusing joining is the
butt fusion procedurs where ths two pipe ends are
simultaneously heated to a plastic state and brought wgether
ta form the hest fused joint (see Figure 10B). A singie heat
fusion process is required to form the joint between the two
plastic pipe ends. The butt fusion process is performed by
using specially designed machinas (available from several
manufacturers) which provide for securely bholding the two
pieces o be fused. aligning the pieces, trimming and squaring
their ends, heating the surfaces to be joined, and butting
them together whiie they ramain in a piastic state.

SIDEWALL BUTT FUSION JOINING: In addition to jeining the
flat ends of pipa or fittings, the butt fusion process can aiso
be used when joining the concave surface of a service saddle
to the convex surface on the sidewail of a pipe (see Figure
10C). This is done by heating these surfaces with appropriate
convex and concave shaped heaters and then butting these
surfaces together. This is known as sidewall fusion joining.
Typical butt fusion fittings are illustrated in Figure 108.

SELECTION OF HEAT FUSION METHOD: Polyathylene is heat
fused and joined using both butt and sachket procedures.
Material grade, denslty, etc. will datermine if the particular
grede can be fused with either method. Some high density
polyethylens materials cannot be sockat fused.

Polybutylene in the sizes used in ground heat exchangers is
normaily socket fused.

Both fusion procedures when properiy done vyieid highly
reliable joints that are stronger than the pipe itself.

iV, Design of Earth Coil

Earth coupting is a method by which water used by the heat
pump is circulated through plpes buried in the ground. Heat
is transferred to and from the soll through tha walls of the
pipe. Earth coupled systems are used in Areas where
insufficient ground water is avatlable, or disposal of well water
is impractical, or regulations prohibit the usa of wall whter, or
the environment corraodes outdoorcondensing units. The piping
may be buried in either a wverticel or a horizontal
configuration.

The first recorded esxperience of earth coupling a heat pump
was a 1912 Swiss patent. The next period of earth coupling
activity occurred after World War 1l in both the United States
and Europe. In the period from 1946 to 1953 twelve major earth
coil research projects were undertaken by the Edison Electric
tnstitute. This research developed many of the basic thearias
and designs that are used in earth coupling todey. Work on
earth coupling was terminated because of low energy costs.

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

1. Caiculate the cooling and heating loads

2. Determine duct capacity

3, Select heat pump

4. Determine type of earth coii

5. Select pipe for earth coil

6. Calculate length of earth coil

7. Choogse fluid in earth coil

8., Layout pipes and fittings

3. Caiculate pressure drop in feet of head
10, Select circulating pump or pumps

CALCULATE THE COOLING AND HEATING LOADS--Use ACCA
Manual J, Ashrae, or equjvalent method of calculating heat

gains and losses for the buiiding.

¢)



DETERMINE DUCT CAPACITY--Usa ACCA Manual D, Ashrae,
or equivaient to determine the CFM capaclty of the duct
system. If it Is & new building design ductwork to meet tha
needs of the heat pump selected.

SELECT HEAT PUMP--In an warth coyplad system the heat
pump shouid supply the entire cooling load at design maximum
entering water temperatura. There Is no problem if tha hest
pump is oversited for the heating load. However, if the
hesting foad of the building exceeds the cooling load, the
heating capacity of tha heat pump shall be equal to or greater
than 704 of the design hesting prcblem If the heat pump is
oversized for the cocling load. Once the heating and cocling
loads are known, the heat pump csn ba seiected. In earth
coupling aspplicstions, heat pump selection Involves severasl
importsnt considerations,

Uniike in well water applicstions where water temperature is
constant, earth coupled systems must ba designed for entering
water temperatures that may vary between 25 degreas on the
low end and 103 degrees on tha high end. Consequantly, when
salecting & heat pump for esrth coupling one must datarmina
capacity and efficiancy at both high snd low design entering
water temparatures.

DETERMINE TYPE OF EARTH COIL--There are thres basic
earth coil dasigns iisted below in order of difficulty.

1. Single layer horizontai
2. Double layer horlrontal
3, Single U-bend varticai

The trenches should ba spaced & minimum of flve fest apart.
Single layer horizontai systems are usually trenchad 3 minimum
of four feet deep as far morth as Indisnapolis. But In northern
locstions such ss Chicago tha trenches are usually five feet
deep. Doubile layer horizontal systems are trenched at six feet
with the pipes installed at four feet and six feet. The
boreholes for vertical systems ara spaced & minimum of 15 fest
apart. The depth of tha borshole is deteminad by drilling
conditions.

Earth coil systems may be designed for serias or parallel flow.
Serias flow is easiar to install and test but ususlly requires
larger dismeter plpa, VYertical systems with serijes flow do not
need to have the boreholes tha same depth. Paraliel flow
requires more care |n jnstallation but usually reduces pipe
diameter and pressurs drop.

SELECT PIPE FOR EARTH COIL--After years of testing and
esperience the plastic pipas listed below have baen found to ba
the most cost effactive for esrth coils.

Polybutylena 2110 SDR 13.5

Polyethylane 3308 SDR 11
Polybutylene 2110 SDR 17

Polyethylens 3808 Schedule 40

Usa either butt or socket fusion to loin the pastic pipe aa
recommended by the pipe manufecturar.

CALCULATING LENGTH OF EARTH COIL--Table 2 shows
typicai earth coill lengths which will provide adequate system
performance in those sress of tha country depicted in the
Tabla, However, precise calculations which consider the unique
characteristics of each locale cen reduce the langth of coil
needed and snhance the performance of the system.

12,000 Btuh/Ton [COP-1/COP} R, + (R)(F.)

l*-
TI —Tmin

L= 12,000 BrutvTon [EER/341 + 1) + EERB.ANIR, + (RYFY

Tmu - Tﬂ
whera:

L., = Heating length in feet per ton of heat pump capacity

L. = Cooling length in feet per ton of heat pump capacity

COP = COP of the heat pump at the design entering fluid
temperature

R, = Pipe resistance

R, = Soil resistance

F. = Heating run fraction

T, = Low soil temperature at'day To

T = Design minimum entering fluid temparature

EER = EER of the heat pump at the design entering fluid
temperature

F. = Cooling run fraction

T... = Design Maximum entering fluid temperature

T, = High soil temperature at day T, + 180
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IMPORTANT : Generally, in southern locales the coeling fength
will be longer, while in northern areas the heating length will
be longer. Always selact the longest earth coil length for each
instailation.

The first slement teo consider ls heat pump COP. Remembar
this Is not the COP at well water temperature but the COP at
the locp entering water temperaturs. This loop temperature will
range between 25 snd 50 degrees depending upon location and
ioop design. Typically the aversge January COP is between 2.3
and 3.1, Note that earth coil systems are designed for the
pask demand months of Janusry and August. As a resuit, a
system may have a January COP of 2,9 and a March COP of
3.1. Soms southern applications might have a3 COP greater than
3.1 but in thoss locations the cooling load is dominant,

lust as the COP must be for the lJanuary entering water
temperature, so0 the EER must be for the August entering
water temperature. Typically the entaring water temperature

renges batween 70 and 100 degrees. Typical EER valuas fall
between 10 and 11,

Pipe resistance is the next slament to consider. It Is calculated
using Fourier's equation.
Dy
R, = Pipe Resistance
K, = Thermal Conductivity of Pipe (BlulvLit —°F)
LN = The Natural Logarithm

D, = Pipe Outside Diameter (Ft)
D; = Pipa Inside Diameter (Ft)

Ro =

2|

The calculation of soil resistance is based upon the Kelvin line
source theory. This theory is set out in the following
equation.

I(X)
P o G
R, = Soil Resistance

I{X) = Integrat

K, = Thermal Canductivity of Soil (Btuh)Lft - °F)

The above discussion sssumes unfrozen soil,
less resistance to hest transfer.
releasas 144 Btu/Lb of latent heat.

Frozen soll has
in addition freezing soil

The heating run fraction is the parcent of time the heat pump
is assumed 10 run during the peak month of January. The
cooling run fraction is the same except it represents the
speration in August. Both numbers have been devsloped from
s department of energy study snd sssume that the heat pump
has a capacity equai to the design iocad of the building.

Caution: the run fraction will Increase if the hest pump is
undersized. For exampls, In Chicago, illinois, the heating run
fraction for a 2000 square foot medium insulated house js .44.
If the heat pump supplies only 75% of tha design heating load,
then tha run fraction will incremse to more than .&5. AL soma

p?l?t undersizing will lesd to 100% run time or a run fraction
of 1.0,

There are two beneflts for sizing the heat pump as close to
daszign load as possible. One it lessens any future residential
demand charges for electricity and two it lowers the run
fraction which increases capaclty and afficiency.
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The last elemant to be considersd in the ailowable tamperature
diffarential of the earth coll. This number is the amount of
temperature swing from the peak mil temperature which the
sysiem is designed for and the hast pump can use. It can be
expressad by tha foilowing aquations.

Toa = Ty Tun

Tea ™ Tenax = Tn

T, = Low Sotl Temperature

Tn = High Soil Temperature

Trin = Design Minimum Entering Fluid Ternperature

Bard Manufacturing will dasign the earth loop
for you If you deaire. Just complate the enciosed
worksheet, Form No. F1113 and send to:

Earth Coupled Loop System Daesign
Bard Manufacturing Company
Box §07 !

Bryan, Ohlo 33506

Tha information will be Inputied intoc a computer
and 8 printout with various earth kop dasigns

wlll be sent to you.

Tmax = Dosign Maximum Entering Fluid Temperature

Note: Although Bard heat pumps can opersta batwesn 25 and
105 degrees all designs should atlow soms margin for srror.

T, and T\, reprassnt the pesks of the annual tempersture wave.
This wave is representad by figura A. The formuls for
calculating the temperature of the undisturbed soll at a depth
for a given day is set out below.

RULE OF THUMB

Whan using 104 propylens giycol antifresze
solution, the minlmum water flow rate for the

selected hast pump will need to he increased 0%
to havae sama hast transfar,

Tg = Trm— A.[e - "(""“'W']cos[ws..(t-t,) - -A(w-.,v.]

Te = Soil Tompemature on that Day

Tm = Mean Annual Soll Temperature

A, = Annual Soil Temperature Swing

e = Exponential Logarithm

x = Depthin Feet

T = Day of the Year

Ta = Phase constant, Day of Minimum Surface Temperature
a = Thermal Ditfusivity of Soil (Ft/Day)

Exampie: A 4 CPM flow would nead to be
increased 0 5.§ CPM for approximately the same
heat transfer proparties.

RULE OF THUMB

To adjust the total earth loop piping head loss for
other antifreezes and water solutions at 25°F, multiply
pressure lo4s on line 6 for water by:;

T_ can ba assumed to equal well water temparaturs from a weall
of 50 to 100 feet deep. it can be approximated by adding
about 2°F t0 tha maan annual air temperature. Typicaily ths
minimum surface temperatura (T_) falls within ona week of

February &5, The maximum surfice tempsratura will occur Fluid Multipiler

within about ona week of August 5. There Is a phase lag with

increasing depth. This lag aversgas about ona waek per foot 20% Propylena Clycol 1. 36

of depth. 208 Caleium Chiloride 1.13
208 Methenol Alcohol 1.25

For complete design data refer to "Dasign/Deta Manual for

Closad Loop Ground-Coupled Heat Pump Systems" by J.E.
Bose, pubiishad by American Soclsty of Heating, Refrigerating
and Air Conditioning Enginsers, Inc., 1791 Tullie Circle,
N.E., Adanta, Gs. 20329 or sttend a Factory School on Watar
Source Heat Pumps st Bard Manufacturing Company.

TABLE 2. TYPICAL TRENCH, (PIPE LENCTHS) AND HOLE DEPTHS

PER TON* FOR VARIOUS DESIGNS AND CLIMATES,

Tha actuai trench iengths and hols depths Fcr ton of WSHP capacity may diffar
significantly in your area dua to soil and climate variations or other conditions.

Number of pipes In tranch and vertical spacing (4-&' Horizontal)

Northern Climate Southern Climata
1ats Zat 2,5 Bat2,¥,9.4 1at6 2 a9 8 4 at 3, 8,58
14" CH. 30 3408 Polyethyiane 800" (200') 90" [480°) 168 {672") 500" {N00°) 230 (q80') 168" {§72Y)
3/4"SDR-11 J408 Polyethylens 460" {460') 175 {550') 192" (768") 60" (460') 275 (550") 182' (768')

Numbar of loops in wat hola, (10-15' Horlzontal spacing)

Northern Climate or Southern Climate
1 2
1§'SCH. 30 3408 Polyethylena 180t (280") 110 (220')
3/4"SDR-11 1808 Polyathylene 17¢° (3a0Y) 138 (27¢')

*Capacity of unit at local ground water temperature. (Table practical for 50°F to 70°F ground water tempaerature in heavy

il [clay).
tpant[actvdlrd Manufacturing Company, Teiephone: 419-636-1194 for additional information.

Table courtesy of Ditch Witch, The Charles Machine Works, Inc,; Perry, Oklahoma.
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EXAMPLE: Computer Printout

BARDLDOP REVISED ©7/13/87
****************************************************************************+**

BARD EARTH LOOP DESIGN

SEND TO: JOHN SMITH HEATING & CDOLING DATE:8/3/37
WILLOW ST.
BRYAN, OHIO 43506

CONTRACTOR OR JOB NAME OR NO. : BRYAN PROFFESSIONAL BUILDING
JOB GEQGRAPHIC LDOCATION: BRYAN, OHIO

**********************************************************************-l-*ﬂ-*** X

BRUILDING LOAD & LOCAL EARRTH DATA
NOTES:

BUILDING COOLING BAIN 63452 BTUH
BUILDING HEATING LOSS S3719 RTUH

LOCAL GROUND WATER TEMPERATURE =2 F
APPROX. EARTH TEMP, AUG. 2@TH 52 AND FER 20TH 52 @ 1@d@ FT/ DEPTH
ANNUAL ANTICIPATED SOIL TEMP. SWING DEG. F @
LOCAL SOIL CONDITIONS: WINTER WET SOIL {SATURATED) DR AVE ROCK
SUMMER WET SDIL (SATURATED) OR AVE ROCK

lalalalaialalalialeieiniaiaiaiab b b B A 2 2 8 S
BARD HEAT PUMP MODELS: WPVEZA OR WPVYDEZA

WITH 1 KW OF RESISTANCE ELECTRIC HEAT

FOR 1@@% BACK UP RESISTANCE HEAT 15 KW IS REGUIRED

WSHP PERFORMANCE

AT AVERAGE EARTH TEMP OF S2 F. HEARTING 56368 ETUH 2.73 COP, CDOLING
61349 EBTUH 12.33 EER

e o — —— e

MAXIMUN ANTICIPATED SYSTEM WATER TEMPERATURES DURING NORMAL ANNUAL OPERATION

UNIT COOLING CAP. & 31 ENTERING WATER TEMP. %5732 BTUH

UNIT HEATING CAP. @ 38 ENTERING WATER TEMP. 48160 BTUH

UNIT OPERATING WATER TEMP. RANGBE 25 TO 185 G 1@.5 GPM _

*****ﬂ-*************************************************************************

DPESIGN FOR VERTICAL EARTH LOOD

******************************************************* b2 R L L L kLR T L T vy
SERIES LOOP FLOW

LENGTH OF BORE HOLE FOR UNIT AROVE &2@ FT.

ONE LOOP IN THE BORE HOLE TOTAL BORE LENGTH TO BE DRILLED IN 6

HOLES AT A DEPTH OF 1@@d FT. HAVE BEEN ASSUMED

LENGTH OF PIPE FOR UNIT 1380 FT.

PE SCH 4@ 1-1/2 IN. PIPE 1.61 1I.D.

L2 b L% ******************************* FE b B S 6 6 6 A * 3 9%

TO DETERMINE CIRCULATION PUMP SIZE SEE SECTION V MANUAL =10@-233

PRESSURE L0OSS FOR: WSHP COIL= 23.12 FT. HD. + 25FT. OF 1 IN. CONNECTION HOSE=
2. 423821 FT. HD. + PIPE HERDER= @ FT. HD. + EARTH PIPE LOOP= 17. 78506

TOTAL SYSTEM PRESSURE LOSS {(AS DESIGNED ABOVE) IS 43.33488 FT. HD. AT A  10.5
GPM FLOW RATE

DENSITY: &3.6 #/FT CU, VISCOSITY ; 12.58 #/FT CU-HR, FLUID VELOCITY =
1.654739 REYNOLDS NC. = 4042.667

TD DETERMINE NEED OF ANTI-FREEZE SEE SECTION VI MANUAL 2100-039
GALLONS OF FLUID IN TOTAL SYSTEM AREOVE: 143 GALS.
FOR 18F. FREEZE PROTECTION 32 GALLONS OF PROPYLENE GLYCOL ANTI-FREEZE

DESIGN ON THIS PAGE IS APPLICABLE ONLY TO BARD HEAT PUMPS,

THIS INFORMATION IS BASED OM THE LATEST THEORIES AND PERFORMANCE DATA AVRILABLE
AND IS SUBJECT TD CHANGE WITHOUT NOTICE AS ADVANCES IN TECHNOLOGY ARE MADE.
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¥. Installation of the Earth Coupied Ground Heat Exchanger

IN THI5S SECTION: Site Plan; Instaliation Equipment; Pipe
Instailation Considarations.

Installation aof the ground heat exchanger will be for most
persons involve a new skill or trade. As the industry
develops, it appears that a new trade is being formed, that is,
the notion of a loop installer whose primary purposs is
ingtall, prassure test, and connect it to the residence. In this
way, the HVAC person sees iwo water lines or taps that can
ba connected ta the heat pump as specifled by the
manufacturer, distributor, or dealer. The loop contractar in
many cases is responsible for final grading and restorstion. in
any case, the person responsible for the overall project must
be identified t0 tha customer.

SITE PLAN

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

1. Memories fail and utilities lines seem to move underground
with time and

2. Installation cosis go up dramatically as the number of
servicas are cut or savered.

Figure 11 has some of the types of services that need to be
identifled by locator services that are avsilabla in most areas.
The location description and sketch should include:

1. The locaticn of alt buried utllities. Locator services for
electrical, telephona, and gas service are avallable and can
usually ba found in the local telephone book. These
sarvices are generally at no cost to the homeowner or
contractor.

2. The location of the ground heat exchanger should be
established from two permanent points In case of future
excavations.

The owner shouid be consuited lo determine if:

1. Special areas are to be avoided. Tress, shrubs, and
gardens that are not to be disturbed should be identified.

2. Acceptable locations for antry and exit of heavy
equipment. Be cautious, they may not know the limits of
their drivewasy. The contractor is generally liabla! A
lightwaight machine with large flotation tiras can reduca
pavenent and yard loads. Machinas with four-wheel steer
can manesuver in crowded locations.

3. Services like underground water sprinklers may not ba
known or essily identified by the contractor. Ask the
owner to uncover thess burled systems or agree in writing
in advance that the contractor is not liable.

INSTALLATION EQUIPMENT

Chain trenchers, bulldozers, backhoes, and vibratory plows
are used to bury horizontal ground haat exchangers. The
economic choice of which machine to use depends on local site
conditions and the competition situation. Generally speaking,
the machine which moves the least amount of soil will be the
most cost productive. Figure 11 describes the various machines
that have been wused to bury horizontal ground heat
exchangers.

CHAIN TRENCHERS: in many casas, trenchers are the most
economic choice since the amount of soil or dirt removed is
minimal when compared to other methads, and trenching
productivity is usually much higher than that of a backhoa.
Systems are now being developed which allow the automatic
placement and backfilling of multiple pipes in a singie trench
simuitaneoutly. A trailing vibrator and tha addition of watar to
form a slurry has increased productivity significantly for the
muitiple pipe system. Trench widths are about 6 inches with
depths to seven feet for 65 horsepower trenchars. The most
common size chain trencher is in the depth range of three to
five feet. A six foot boom costs about 5% of the coat of a
trencher. Multiple pipes in the trench greatly reduce trench
length and the area required for a horizontal buried pipa
system.
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LOGCATION DESCRIPTION
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FIGURE 11. Location Description of Underground Utilities
Courtesy of Oklahoma State University.

BULLDOZIERS: Method A using a bulldozer would only be
sppropriate If tha soil had besn removed for some other
purpose or |f excavaton for a large header system were
required.

In larger instailatlons in Eurcpa, track tiype machines have
been uted to plow in horizontal ground heat exchangers and
backfll around the pips in a continuous operation. The backfill
process consists of a hopper and chute arrangement which
piaces the material in tha immediate pipe area.

METHOD B. EXCAVATION WITH BACKHOE

[

METHOD C. EXCAVATION WITH VIBRATORY PLOW

METHOD 0. EXCAVATE WITH CHAIN EXCAVATOR

FOUR BABIC INSTALLATION TECHNIQUES
FIGURE 12.

Courtesy of Oklahoma State University.



BACKHOES: Backhoes (Method B) have been used where thars
is a presence of rocks, cobbles, or boulders which ars too
large or too hard to ba removed by a chain trencher.
Backhoes have aito been used whare more than ona pipe Is
placed in a singla trench either stacked vertically (such as
1x2) or multiple pipes placed horizontally in several layers
{such as 2x3). NOTE: The nomenclature 1xI definas a pipe
system of 1 level or layer, and 2 pipes. A system of three
pipes at two levels or layers would be denoted as x3. The
backhoe may also be used to open the site from the foundation
to the ground heat exchanger. The soil removed by a backhoe
tends to be lumpy and can leave air pockets around the pipes
greatly reducing the heat transfer.

VIBRATORY PLOWS: Vibratory plows are commonly used at
depths not greater than three feet, To facilitate rapid burial,
a vibrator er vibratory plow is used to Improve the spesd of
placement and reduce the size of machina. Loose or unstabie
solls are also amenable to this type of pipe placement and they
work better than 2 chain trencher in glacial tifl. The shailow
depth results in larger seasonal soil temperature swings and
longer lengths of pipe.

DRILLING MACHINES: ODrilling is required to install vaerticai
loops. Two applicable techniques for boring holes ara (8) mud
and air rotary drilling, and (b} standard auger or holiow-stem
auger drilling. Boring holes for esrth loop Insertion and
boring holes in order to find and produce water wells are two
completely different tesks. The ground heat exchanger
application is much simpler. Sinca the objective is to install a
specified length of heat exchanger in a vertlcal configuration,
it is not important to resch a given depth at a particalar site.
If 600feet of bore hole Is required, two 300 foot vertical bore
holes are acceptable and may be more cost effective. Soil and
rock conditions will determine drill rates and consequently
determine an economic bore hole depth. Since ground
temperatures fluctuate near the surface, hole depths greater
than 50 feet are normally recommended., However, the 50 foot
depth is not a minimum value. Some general guidelines are as
follows:

t. Sail moisture and temperaturs stability generally increase
with depth which favors the deeper holes.

2. Fewer holes mean less connections at tha surface which can
be a tima savar, also less surface area required.

3. If "many" holes are drilled, several bore holes may need 1o
be connected in series before Ueing back to the main
header. Toc many parallel flow paths can result in fow flow
and reduced performance of the ground heat exchanger.

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

it may be mare

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

6. Vertical loops using 3/4" or 1" pipe and a close U-hend
require only a 3-4' hole. This smaller drilling system
needs less mud flow, a smaller and less expensive hit,
smaller mud pans, a smaller mud pump, and resuits in less
wear and tear on the mud pump. in many cases, this will
result in lower drilling costs.

The bore hole does not need to be cased for performance
reason. It may need to be cased if the soil is unstable or a
formatian presents a problem due to lost circulation during
drilling. The bore hoie must only remain open long enough to
insert the ground heat exchanger. Mast of these problems can
be controlled by proper mud formulation and use. Drilling
rates are faster than water well drilling which generally
requires sampling, and casing. Well completion procedures are
not required which greatly reduces time and cost.

In mud or air rotary drilling, tha drill rig rotates the drill
pipe and sends either high pressure fluid (air, water, or mud)
down the inside of the drill pipa to lubricate and cool the bit
and to bring the cuttings back to the surface along the
outside of the drill string. 1n rotary mud drilling removed soil
or earth is collected in a mud pan to be repiaced In the hole
or removed from the job site if necessary. Orilling mud
[bentonite or fluid additives) ars added to the mud to control
its viscosity and to prevent a number of drilling problems. If
the drill cuttings are of a high density, the drilling fluid
viscosity must be increased to carry the cutiings to the
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surfaca. The mud must also be dense snough to support the
bare hole wall if the surrounding soil is unstabis or bs mixed
to form a clay deposit on the wall of the hole if tha mud tries
to leak through tha wail of the hole into a porus formation.
The proper mud mix can also prevent swelling. A [ess dense
mud may be required to keep mud from migrating through
surrounding porus formations.

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

In holiow-stem auger drilling, the driil rig rotates a hollow
auger with cutting teeth and a temporary point at the battom.
The driliing operation may be compietely dry and hence clean
at the surface. Most of the cuttings are brought to the surface
but some of them are simply pushed into the walls and
compacted in place. The hollow auger essentially serves as a
casing In the hole as it is drilled. When a hola is completed,
the point at the bottam of the augar is pulled, the graund
heat exchanger s inserted, and then the hollow auger is
pulled or screwed out. In some designs, a disposable bit point
is used which allows a weight on a rope to be used to “knock
out" the disposable point. Auger drilling is applicable in a
limited number of different soils and can present some sericus
problems in clay or adhesive soils, or rock. In moist soils
augar drilling is slower than rotary mud or air drilling.

PIPE INSTALLATION CONSIDERATIONS

Consistently successful plastic pips installations for ground
heat exchanger appiications are the result of good planning,
the wuse of suitabis materials and equipment, and close
attention to the correct procedures,

Time spent in careful planning will substantially reduce the
time arnci cost of the installation.

The following factors shouid be considered during planning:

1. Depth of trench, as Influenced by climate, soil type, size
of trencher available.

2. Length of trench as influenced by the ares available, the
hesting and cooling load, the number of pipes in the
trench, type of soil, moisture contant of soil.

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

4. Trench pattern, as Influenced by above and below ground
obstructions, ground siope, trenching turn radius
limitations, backfilling and restoration rsquirements. (Be
sure all buried conductors are located and marked) .

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

6. Type of plastic pipe. Use of high quality polyethylenes or
pelybutylene. PVC is not acceptable in either heat transfer
characteristics or strength.

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

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

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

3. A backhoe attachment with a 12" buckaet may be needed to
dig out large rocks and dig access haie at the building.

4. Where mucky or sandy conditions cause caving, use a pipe
guide mounted on the trenching boom to guide tha pipe
down to the bottom of the trench as it is dug.



The

Two by six (2x6) boards inserted in previously dug
trenches and wedged will prevent dirt from an intersecting
trench from having to be removed from the previous
trench. Place a piece of plywood over the near length of
the previcusly dug trench. .

installation phasa can be accomplished as the

pipe

trenching proceeds. Ba sure that the following procedures are
followed:

1.

Inspect the trench to insure that rocks are removed. Also
remove rocks from the sdge of the trench and from the top
of the spoils pile 30 they will not fall in with the u4-g&" of
fines or sand that are first put in the trench to support
and cover the pipe for protection.

Inspect the pipe as It is laid out beside the trench for
cuts, Kinks, or other damage.

Make ail jolnts while the pipe is laying beside the trench
and test with 40 PSl air pressure and soap.

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

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

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

The backfilling is critical and its successful completion depends
on the foilowing good procedures;

1.

If the rocks have been removed from the edge of the
trench and the top of the spoils pile, and the dirt has not
formed clods due to rain, an experienced trencher operator
can angle-biade the top of the spoils pils inte the trench
on the first pass. A worher shouid follow closely and tamp
the fines by hand and make sure no rocks fall in.

2. Sevaral more passes with the angle blade shouid be used
to make ths backflling as wuniform as possible and to
prevent bridging.

3. Several stages of tamping, and rolling over with the
trencher wheeais may be necessary to compiete the job,

Additional considerations are required when closed wvertical

loops are used in limited site areas:

1.

Snil conditions - These will determina whether the auger,
recirculating mud, or down-hole hammer method is used. It
will also determine the type of driil bit and whether a mud
additive is required,

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

Each loop should be assembled, laid out straight, taped to
reduce springback friction, and carefully tested for leaks
and flow before the hole is drilled so that it can be
lowered inte the heoie before it can cave in or the mud can
settle to the battom aof the hole. The hole should be 5-10
feet deeper than the length of the loop to accommodate
expansion of the leop. Fill the leop with water prior to
insertion. [f the hole i3 to be grouted in place, it should
be fllled with water and pressured to a level that will
prevent the pips from being crushed by the denser
backfill material,
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Taping short lengths of scrap steel’ rebar on the end of

tha pipa [ocop wili hold the lcop end straight and offset
buoyancy of tha plastic, to make insertion easier and
faster,

)
Test the lcops after thay are connected with 40 PSI air or
water.

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

The hoie can be filled with grout, if required,
small plastic discharge pipe inserted with the leap.

using a



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)

(1]

||

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.
__Pipe, fitting, clamps, fusion machine scheduled.
Testing pump, reservoir, valve gauge assembly scheduied with correct size
~ fittings for pipe.
Sand scheduled, if needed.
:B uried drip irrigation pipe scheduled if seasonal soil moisture control desired.
(Other)

1|

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 hardle
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)

LI b

PIPE INSTALLATION AND TESTING

Correct size, length, and type of pipe, DO NOT USE PVC PIPE.

Fittings, fusion machine, heavy extension cord.

Pipe 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.

Buried drip irrigation pipe, if needed.

(Other)

Compliments of Ditch Witch
21



¥ |. The Circulation System Daesign

Equipment room piping design is based on vyears of
experience with sarth coupled heat pump Sysiems. The
design eliminates most causes of system failure,

Surprisingly, the heat pump itself is rarely the cause.
Most problems occur because designers and instaliers
forget that a closed loop earth coupled heat pump system
is NOT like a househoid plumbing $ystem,

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

The small circulator keeps the operating cost of the
system to a minimum. However, the performance of the
circulator 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., Insufficient flow
through the heat exchanger is one of the most common
causes of system fwilure. Proper system piping design and
circulator selection will aliminate this probiem.

Bard supplies a worksheet to simplify head loss
calculations and circulator seiection. Refer to "Circulating
Pump Workshaet" section,

Two general methods are used to pipe the watar circuit in
the equipment reom. The first and eeasiest to use is to
install a pump moduie. This moduie comes complete with
connacting hose and heat pump adapters avallable from
modufe manufacturers. A second method Is to "site build”
the piping at the installation.

To move the transfer fluid (water or propylene giycol and
water solution) through the earth loop system and the
water source heat pump, some type of circulation system
is required, Design of circulation sysiem must include
provisions for the following: ([See Figure 13}

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

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

3. Providing for flow monitoring.

4. Positive pressure control and limiting.

5. Antifreeze charging capability,
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The components for a circulation system ara:

1.

9.
10.

{Sea Figure 13)

Circulating Pumps - are engineared for each individual
system to provide the correct water flow and avercome the
friction loss of the system piping. isolation flanges or bail
valves to insulate pump from system are required on
pump. You need to ba able to remove the pump from
piping without losing the transfer fluid for repairs if ever
required. Stainless steel pum'p body required for use
with calcium chloride antifreeze.”

*Qetermining pressura drop and selecting a circulation pump

or pumps. it is very important in selecting the circulating
pump that a wvery accurate pressure drop calculation be
made becayse final pressure drop the selected pump must
pump against will determine the actual flow rate (GPM}
that is deliverec to the water source heat pump, the
pumping cost and efficiency of the entire system.

Ball Vaive and Flange

Barb X MIP Brass Adapter

Brass Test Plugs - In order to start up and troubleshcot a
close oop system properly, watar in and water out
temperatures at the heat pump must be monitored., A tast
plug is installad on one leg of each connection line. A
probe thermometer can be temporarily inserted, the
temperatura monitored and the thermometer removed. lUse
one thermometer to monitor thesa temperaiures. Using two
different thermometers to measure the temperature
differential can introduce large measurement errors.

Barb X insert brass adapter

Two Boiler Drains - Are located on both sides of the
circulator for Tinal filling, air purging and antifreeze
addition. :

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

PE or PB pipe to fit transition.

1" reinforced flaxible hose.

90° street ell {(brass).

Fiow Metar (Bard part number 3603-012) - on water-in side
10 monitor water flow.

HEAT PUMP CONNECTIONS:

The units have wvarlous female connections.

To keep head

losses smail all piping and components in the circulating pump

are 1",

The transision from 1" will be made at tha heat pump,

Be sure to use 3 back-up wrench when instailing the adapters
to the heat pump.

PIPING CONNECTIONS:

Up to 25 feet of reinforced flexible hose is used. Cut hoses to
the desired lengths and install with as few bends as possible.
Close bends increase pipe head loss so any bends shouid be as

wide as possible.

9 - —8

Use the clamps to secure hoses in position.

FIGURE 13. Closed Loop Equipment
3 Room Piping

Drawing compliments of
Oklahoma State Unjversity

NOTE: All indoor piping must be plastic

if cafcium chloride antifreeze is

a7

NOTE: The expansion and contraction of

earth loop piping will cause a 50 to Water In
60 pyig water pressure change in From
system between summer to winter Earth Loop
aoparatlon,

used,

Watar Qut

To
Earth Loop
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1 -~ GASKET
4 -~ HEX BOLT

5 - HEX NUT

8 - MALE ADAPTER
8 = NIPPLE

9 - TEES

11 - PETES PLUG

DETAIL A

G SUPPLY AlR

A\

1t = CRCULATOR PUMF
2 - GALL YALVE & FLANGE

10 - THREADED BUSHING

12 « 17 LD. X 3/4" MPT ADAPTER
13- CTO C SWrCK vALVE
14 - 1" BARB X 1° |LD. INSERT BRASS ADAFTER

T = 1" BARB X 1" MIP BRASS ADAPTER

" FLUSH

TO
CART

m W
—illl L=
FROM TO
HEAT HEAT
wog gom

= ==

e -

DETAIL B8

L

LEGEND

1+ CIRCULATION PUMP

7« BALL VALVE & FLANGE

? - HARS X WIP BRASS ADAPTER
11 = PETES PLUA

14 - BARB X INSEAT BAAAS ADAPTER
19 - BALL VALVE THREADED

18 = PE TO FIT TRANSITION

17 = FLEXIBLE HOBE

19 = 90° ATAEET ELL {BRASS)
20 = VISUAL FLOW METER
21 = SADOLE FUSIOM FITTING
22 - END CAP
23 - PE 1408 PIPE
24 - G0 ELL PE 3408
23 = U-BEND PE 2408

Drawings courtesy of Oklahoma Stata University.

L
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Polybutylene may also be
used In place of Polyathylene
pipe shown on drawings.



2,

i

4.

5.

7.

CIRCULATING PUMP WORKSHEET

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

Enter water coil head loss: (Table 1)
Continue across Table 1 to find GPM flow required for this heat pump. CPM

Count each elbow, tee, reducer, air scoop, flowmeter, atc., 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 parallei earth loop system flgure for only one loop at this time.

Pipe Type HNo.Elbows, Tees Equiv. Ft. Actusl Pipa  Total Pipe
£ Size Devices, Etc, * of Pipe IJsed Length

X3 +

X3 +

X3 +

X3 +

X3 +

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

PIPING HEAD LOSS for different types of pipe at CPM flow rate of water source
heat pump., NQOTE: For parallei sarth lcop system figure for only ona loop.

Pipe Type Total Pipa Piping**
_and Size Length Head Loss {Table 2)

—
aja

160) X =

—
]

F100) X =

—~
v

100) X =

P
aln

wy x =

(

“+For parallel earth lgops divide the heat pump GPM (line 3} by number of
loops to determine flow rate through each individual icop to select
piping head loss, SUBTOTAL

.l

100) X =

ft. hd.

ft. hd.

ft. hd.

ft. hd.

ft, hd.

ft. hd.

ft. hd,

Multiply SUBTOTAL by muitiplier (see Table 2} to obtain TOTAL
HEAD LOSS FOR SYSTEM using antifreeze solution.

TOTAL HEAD LOSS

ft. hd.

PUMP SELECTION: Use Table 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 the TOTAL HEAD LOSS caiculated In line 6 is greatar than the pump outputs listed in Table 3, go to the pump manufacturar's

parformance curves and find the required GPM flow for the heat pump,
diffarent flow rates.

Series pump performance is simply a TOTAL OF THE INDIVIDUAL PUMP PERFORMANCES:
head loss, two can overcome 10 feet of head loss, three can overcoma 30 feet of head loss, etc.

Pump performances are listed for each pump mode! at

IREMEMBER: UNDER NO CIRCUMSTANCES MIX DIFFERENT PUMP SIZES WHEN USING PUMPS N SERIES.E

F1125-787
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TABLE 1A. Water Coil Pressure Drop
Moded HWP30-HWPD 30 HWP16-HWPD 3§
WPVI0A-WPVD30A | WPVISA-WPYDISA | Modal | WPVSIA-WPVDSIA WPVE2A-WPVODE2A
GPM Ft. Hd. Ft. Hd. GPM Ft. Hd. Ft. Hd.
L} 4.6 4.5 8 5.8 5.1
5 6.9 L ¥ 7 7.4 8.
& 10.0 5.5 8 9.2 10.4
7 13.1 6.9 9 12.0 12.9
8 17.3 %.0 10 15.0 15.5
9 21.9 1.7 11 17.8 18.5
10 27.7 17.5 12 20.8 21.5
1 5.1 8.0 13 28.2 8,7
12 20.6 35.3 14 27.17 28.4
13 6.8 47.5%
When selecting pipe size for parailel flow, it is N - - .
necessary 1o maintsin turbulant flow In the TABLE 3. Selection of Circulation Pump or Pumps
earth coil for heat transfer. Tha table below : .
lists the minimum flows for turbulence. Gr:t::;os* ??‘ Water Flaw Rate Required in G.P.M.
Models Pumps & 5 & ] 10 12 14
TABLE 1B. PUMP 20~-42 1 1M1.51 11 |-~ -- - -- --
Minimum Flow For Turbulence (GPM)* OUTPUT I e 1 18.8) 18 |17.5] 16 | 14.8] 13.5] 12
. Calciun | Propylens {FEET of -
Nomin‘al Wateﬂr Chloride Glycol Mathanal 16-64 2 37.6 6 15.0 32 29 27 24
Pipe Size at a0°F 20% 208 208 HEAD)
(Pipe D) at 28°F 2t 25°F | at 259F 0 40-75 1 23.8) 23,58 23 l22.5(20.5) 21 | 19.5
/" (0, 86) 1.1 2.1 33 2.4 GPM @ 40-75% 2 47.6 w7 46 43 43 42 43
™ (1.077) 1.4 2,8 1.1 .1 TOP OF
1-1/4" (1, 380) 1.7 3.5 5.3 1.5 16-96 1 27,8 17 16 | 23.5§ 21.5 19 16
1=1/2" (1.676)] 2.1 4.3 6.4 4.8 COLUMN
" [2.095}) 2.8 5.3 8.0 5.9 26-96 2 55.0 58 52 47 43 as LD
*For each separate loop. *Other models of circulation pumps mey be usad.
Consuit the manufacturar's specifications.
TABLE 2, Piping Feet of Head Loss at Different Flow Rates Per 100 Feet
G.P.M. FLOW RATE
PIPE SIIE
AND MATERIAL Dt 1 2 3 4 5 6 14 12 14
Conriection Hose 1" 1.050 * . * 1.33 1.95 1.64 4. 42 6.53 8.39 11.77
PVYC 3/u" - 200 PSI * - * 3.7 5.7 * * A . *
PVYC 1" - 200 PSI * " * 1.0 1.3 2.7 4.2 6.3 8.9 11.8
Copper 3/8" " . * 4.3 6.3 " * . * *
Copper 1" . * * 1.8 1.9 2,7 4.5 5.9 9.6 12.8
PEJ408 (Polyethylene) DI
1. SDR-11 B4 )o.s60 | 0.3l 1.e3| z.07 3. 41 5.03 . * * * .
2. SDR-1 1 1. 077 . 0.36 0.71 1.18 1.73 2.38 3.92 * » o
3. 5DR-T 1-174 1. 358 * 6. 13 0.2% 0.39 0.58 0.79 1. 31 1.83 2.65 3.47
4. SDR-11 1-1/2 1,554 * " 0.13 0,21 Q.31 0.42 G.69 1.02 1.40 1.83
5. SDR-11 2 1,543 * * * 0.07 0.11 .15 0.24 0.35 0.48 0.63
6. SCH 10 FTL] 0. 824 0. 38 1.%8 2.54 4. 18 6. 1% 5. 16 * * * *
7. SCH 40 1 1.049 0.12 Q. 40 0. 81 1.3 1.96 2.69 4.45 * * *
B. SCH u40 1-1/4 t.380 * 2.1 0.22 0. 36 Q.54 0.74 1.21 1.79 1,46 3.
9. 5CH 40 1-1/2 1.810 * x 0. 11 .18 0.26 0.358 0. 58 [T 1.18 1.55
10. SCH 40 2 2.067 » . * * 6.08 0.11 0.18 0. 26 0.36 0.47
PB211¢ (Polybutylene} D1
11. SDR-17, iPS i-1/2 1.676 " 0.09% 0.15 0.21 0,29 0. 48 9.71 .98 1.28
2. -17, S 2 2. 095 * * * 0. 0% 0.07 .10 0.17 0.25 0,348 4. 44
13. SBR-13.5, Cis 1 9. 857 0.19 0. 67 1.25 1. 06 3. 03 4, b ® ¥ * i
T4, SOR-13.5, Cts 1-1/4 1.171 . 0. 24 Q.48 0.79 117 1.60 2. 64 *
15. SDR-73.5, Cis 1-172 11,385 ¥ 0. 11 g.72 0. 36 0.53 0.72 1.19 7.78 2. 41 3.2
6. SDH-13.3, Cis Z 1,311 * ¥ 0. 06 [ 0.13 §.20 0.33 0.4% ] U.88
Notes: 1. These head losses sre for water at 40°F temperature.
2. Count each elbow, tee, reducer, air scoop, flow meter, etc., as 3 feat of aquivalent pipe length and
add to actuai measured pipe length far tatal length.
3. To adjust the total earth loop piping head loss for other antifreazes and water solutions at 25°F,
multiply pressure foss an line § for water by:
Propylene Glycoi - 1,36, Calcium Chleride - 1.23, Menthanoi Alcahol - 1. 25
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PRESSURE DROP CALCULATIONS TO
SELECT CIRCULATION PUMP

Transfer fluid requirements for closed-lcop, earth-coupled heat
pump systems varies with fluid temperature and heat pump
size. To determine the circulation pump size requirement, the
system flow rute requiremants (CPM for heat pump used) and
total system pressurs drop in feat of head loss. From these
two piecas of information a circulation pump can be selecied
from the pump manufactursr performance curves.

The fluid (water) flow rata 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 differant pipe materiais and sizes per 100 faet are
found in Table 2 of this section and a quick pump selection
table for flow rates that match Bard water source heat pumps
are in Table 3 of this sectlon.

Following are two exampies of how to determine the head loss
of earth lcops. First example will be a serias horizontal system
and the second exampie will be a parailel vertical gystem.

EXAMPLE |1

Given:

A,
B.

c.

Series horizontal system.
Bard HWP 36 water source heat pump to be used.

Heat pump water flow requirement is 5§ GPM with a 4.6 fu.
hd. loss (ses Table 1).

Earth loop 1200 ft, 1-1/2" SDR 17 polybutylene pipe.

20 ft, 1" copper pipe connecting earth
source heat pump.

loop (o water

Tha circulation pumping
Figure 10B.

system lay out to be similar to

CIRCULATING PUMP WORKSHEET

1. Fina Use Berd hest pump sodel used i Table 1, MOTEL,

HWP 1§

2. Enter witer coll hasd loas: [Tabie 1)

L Continue écrosk Teble 1 v find CPM fiow required for (nis hest pump,

N, Count ech albes, lan, ragucar, air scoop, Nowmeler, als.

. A el
1 FEET OF PPR BQUIVALENT, Add the EQUIVALENT FEET OF PIPE 1o tha

sctual foet of PIPE USED. The TOTAL LEMCTH I8 vied 10 determine tha

MPING HEAD LOSS balow.

NOT%: Mer s parsilal wrth looag sTeum figurs for only one loop at this Uma,

Plps Typs No.ERdms, Toet
& B4 Davicus, Ete, ®

Equiv, Ft.
of Prpa

1" Copper 20 60 0

x3 .

Actusl Pipe
Used

Tewd Plps
length

80

L

4,6 . ha.

crd

11" PB SDR17  Nane None

1100

1200

x3 »

L1 3

n 13

“F THE PIPE 1S BENT AT A I FT. RADIUS OR LARGEA, BO NOT FICURE

THE CURVE AS AN ELBOW,

1. PIPING HEAD LOSS for aiffarent iypes of pipe st GM flom rite of watsr ssurce
haat pump. HOTE; For parsllel serth loop sysiem figurs lfor anly ona loop,

Mpa Typa
and Jia

Towl Pps
Lengih
t* Copper | BO ;4 & 1.9 .

13" PB S5DR17 (1100

TV ] 0.21

{ FRLL ] .

{ : 8 X -

t Pem X .

Plaingre
Hesd boss {Table

saggr paraiigl warth foopy divide the hset pusp GPM (line 3 Dy nusnber of

loops 10 determing Mow rale INFQh wach [ndlvidust kop 1o select

piping haad iuns.

SUBTOTAL

& Multiply SVETOTAL by 1- M s oblsla TOTAL HEAD LOSS FOR SYSTEM

wibng propylens glycal shtifrasse sahillon,

TOTAL HEAD LOLS
e —

7. MBp JELECTION: Uss Table 3 ol flom ritw, {llne 33, Select the puwap
sutpul whith is LARGEA o aqusl to \he TOTAL HEAD LOSS FOR SYATEM,

(line & or 8},

28 - 64 1

Clirculating Pump Model MNo. Pumps

IT the TOTAL HEAD LGES cabtuinied in Hne & |3 gresiar then 1he puiep asdpuls listed I Table 3, g0 10 the puep marufaclurar's

formancs curves 4nd find the required CPM Mew for the hest pumy,

P
aiffarent flow reten,

Pump porfy

'ermances ora (lstad for sch pump medel st

Sarisn puap perfarmencs Is shaply # TOTAL OF THE INGIVIDUAL PULP PERFORMANCES: f ong pump can overcome 14 fest of
hetd as, iws can overcoma 10 fest of head loss, Lhrea can overfomas 10 feet of hemd 1088, wiE.

l ER: UNDER peQ CIRCUMSTANCES MiX DIFFEAENT PUMP SIZES WHEN USING PUMPS IW SlIIE!.f

FI1l4- s
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EXAMPLE 2

GCiven:

A. Vertical system.

8. Bard WPV53A water source heat pump,

C. Heat pump water flow requirements are 10 GPM with a 15
ft.hd. loss (see Tables 1A and 1B).

D. Heat pump connected to circuiation pump module and
esarth coil with 25 ft, of 1" §.D. connection hose,

E. Pressure drop through flow meter and connections to coil

of water source heat pump 1" copper.

G.

Three loops (U-bends)with 373 feb. pipe each,

Loops are 3/8" SDR-11 polyethylene pipe.

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

10GPM 2 3 = 3.3 GPM Per Loop

240 ft. of 1-1/2"gpR-11 polyethylene pipe headers.

CIRCULATING PUMP WORKSHEET

1. Find the Qerd hewt pump moslel usad in Tabike 1.

1. Enlyr wotar coll hesd lomp: (Table t)

1 Coniirye atrues Table 1 W find GPul flow raquired for this hest pump,

%, Count asch oibow, \ab, redusr, »r swoop, M

ourmater, stc., M
3 FLAT OF PIPE EQUIVALINT. Aca the EQUIVALINT FEET OF PiPE to the

wWOooEL

WPVS3A

aciuai fest of PIML USEQ. The TOTAL LENGTH is vsed s detarming Lha

FIFING BEAD LO3S bDelow,

10

—

15 ft, hat.

S

MOTE: For s paralle sarth i sysiam figurs far only ane loop i 1his Yae.

Pipe Type Mo.Elows, Tess Equiv. Fl. Aciual Pips  Tewd Plpa
& Shis Davicaw, £ic, * of Plps U Langth

1" Hose NA xy MA . 15 25

1* Copper 14 42 R 10 52

PE SDR-11 3/4% g xr 12 . 173 385

PE SDR-11 14" g k1 14 . 280 5%

X1 +

*if THE PIPE {8 BENT AT A 1 FT. RADIUS OR LAKGER, DO NOT FIGURE
THE CURYE AS AN ELBOW,

S, PIPING HEAD LO3Y for different types of pipe sl CPM flow rata of water sourcs
hemt pumga. NOTE: For parsilel sarth icop system figurs lor aniy one laop.

Mpe Typa
And $ire

1" Hose 25

Total Mps Plgings»
Lenguh Heed Lags (Taple 3}
F00p x

1 Copper (352 iwa x _§,9 .

PE SDR-11 3/4%¢_3B5 i 100 x

PE 5DR-11 4" , 28¢ .., 102

—— L
“*Por parsiial mirth loops divide the hest pump CPM (line 3} by rumber of
l0opY 10 cidarming flow rels through asch indlydual laop 10 Hkect

piping hesd loaw, SUSTOTAL

&, Muluply SUBTOTAL by -3 to abidin TOTAL HEAD LOAS POR SYATEM

using prepyitens giycat sniifreass slullon.
TOTAL HEAD LOSS
_—_—

. I,

T. PUMF QELECTMON: Use Tabda 1 and fow rate, (ibne 3), Select the pump
Suiput which is LARCER or aqual o the TOTAL HEAD LOS4 FOR SY5STEM.
ihne 3 o 4}

2

Clrculating Puap Modal Ha, Pumps

IF the TOTAL HEAD LOSS cakulsiad bt line 6 s greuler than (he pump oulpyls listed In Tabk 3, go to the pump manuleciurer's
pet lormance curvaes st flnd the requires P Ngw for the Nes! Pump, Pump pacformancas are lisisd lor asch pump model at

dtferant fiow reies,

Seriey pump performence is simply » TOTAL OF THE INDIVIDUAL PLUMP PERFORMANCES: N 0ne pusp CAn avercoms 10 (et of
haad logy, (w0 Can overcome 20 feal of Pued lees, Uhres can overcome 36 (esl of heed loss, sic.

Ilm!l: UNDER MO GCIRCUMSTANGCES MIX DIFFERENT PUMP S{Z83 WHEN ULING PUMPS 1IN sn|u.|

Ladts 11
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CLOSE HEADER SYSTEM

sSuUPPLY

. T

ﬁal‘i
RETURN 3/4

-— & 112

| /=

“D“m

11/2 X 3/4 BR

OR 3 112

e o]

HEADERS: 1 1/2°
LOOPS: 3/4°

100° {
I
] A ‘
- . [ -y
Y [ [ )
LOOP LENGTHS | FLOW
() {gpm} 200
400 3.08 I
440 2.95 e 20" 20'—
440 2.95 |— .-i
Head{Excluding
Headers) = 2.62 1t
\_/ \_/ ./ _L
REVERSE RETURN NOT REQUIRED
NTS
SPACED HEADER WITH REVERSE RETURN
i 100° |l
- 9 GPM
2 6 o)
<3 GPM § ] 3 ,J
4 NTS
} 80’ 1 20 ‘ 20’ 200

Triritpieiet ) GPM
6 GPM
3 GPM

Drawings courtesy of Oklahoma State University.
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SINGLE UNIT INSTALLATION

1) Integral Bail Flange Vaive Located
on Pump Mount Allows Flughing of
Earth Heat Exchanger with Blocked
Flow thru Heat Pump

2} Flow Meter or Pressura Port3 are
Requirad to Monitor Heat Pump
Performance

3) Reverse Return on Headers

e

@i\
J o4

HP

EARTH COIL DEPTH

Y P DL IO A e L N Y WL

(BELOW FROST ZONE} /‘ SAQOLE FITTING o L
7 - 90° EL8OW
- > 4 SEPARATE IF POSSIBLE l/_
p
/ \—l /T HOPE, SDR-11 OR
HoPE _/\ 1 12° P8, GT5, SOA 12.3
BELL REDUCER 14 HOPE (A) Circulating Pump
11U X 34" SGH 40
on oR Charging and Flushing Valves
PB-REDUCING ELL 1" P8, CTS,
T AT SOA 3.5 © Flow Sensing Ports
e HEADERS U-8ENO .
~——LOOPS 3 REQ'D Nota:
\/ \/ \../

1. Design the system so that all air can ba
removed by purging.

2. Expansion tank may be required on large or
multipia unit systems.

(REVERSE RETURN)

Vi ral e rrrlrerrirery L

—1 1

: L
]___

LEGEND
21 - SADDLE FUSION FITTING
22 - BELL REDUCER

23 - PE 3408 PIPE
909 ELL PE 3408
U-BEND PE 3408

NN
th &
[}

@/\y v/ Y

-
@&

—
1

L

L
—
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1)
2)

3}

%)

MULTIPLE UNIT INSTALLATION

Note Location of Check Valves

for Praventing Short Circuiting
integral Ball Flange Valve located
on Pump Mount Allows Flushing of
Earth Heat Exchanger with Blocked
Flow thru Heat Pump

Fliow Meter or Pressure Ports are
Required to Monitor Heat Pump
Performance

Revarse Return on Headers

e

DETAIL

DETAIL
A

HP1 HP2 HP3
2 ¥ T‘

o/

\_ La \/

FIGURE 114,

=wemz HEADERS

——LOOPS

Multipla Unit 1nstailation

.‘:‘ ''''''''''''
EARTH COIL DEPTH i =
(BELOW FROST ZONE) L]
i 7
FAN T
g SR -

PRESSURE AND TEMPERATURE SENSING
ADAPTER AND COMPONENTS

<THERMOMETER

SELF
SEALING

v
1" HOSE BARB /

PRESSURE

GAUGE HEAT PUMP \

SERVICE CAP
//—15 PETE'S PORT

o

WATER—

(In & Out) \
1 MPT—\

BACKUP RING—"

Drawings courtesy of Oklahoma State University.
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VI, Freeze Protection

Antifreaze Salutions: Except in the veary most southern
ciimates, an antifremze solution will be required to prevent
freezing in the hest pump heat exchanger. The choices ara as
follows:

1. Saits ---- Calcium Chloride and Sodium Chloride
2. Glycois -- Ethylene and Propylene
3. Aicohals - Methy!, Isapropyi, and Ethyi

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

¥.  Safety {toxicity and flammability)

2. Freezing paint

3, Heat tronsfer characteristics
conductivity and viscosity)

% Frictional pressure drop and pumping requirements
(primarily viscosity)

5. Cost (initial charge, makeup and inhibitor costs}

6. Corrosiveness

7. Physical and chemical compatibillty with all system
components

8. Availability of product in local market area

9. Ease of transporting and storing

10. Lang life

(primarily  thermal

The earth coil circuiatlon fluid freezing point is particularly
important and datermines the solute concentration in the
circulation fluid that is required for freeze protection of the
evaporatar of the heat pump. The coldest expected evaporator
exit temperaturs of the esrth coil circulation fluid during
heating operation determines the required freezing paint of the
circulation fluid. The refrigerant temparature in the evaporator
runs approximately 10 degrees F lower than the exit water
temperature, thersfore it is necessary to provide freaze
protection for the minimum operating evaporator rafrigerant
temperature.

Ceneraily speaking, the saits are safe, are non toxic, have
good heat transfer characteristlcs, are low cost, have long
life, but are corrosive in the prasenca of air and most metais.
The major drawback of the salts is their corrosive nature and
their clesnup problems when spilled. One vary strong paint Is
that they are conskiered non toxic and environmentally safe.
With proper metai component salection and air purging of the
system, they can and have bean used successfuily. In
northern climates where heat pump loop opasrsting temperstures
go as low as 25°F calcium chloride and methanol has basn
used.

Glycols are safe, are considered toxic, are generally non
corrosive, have fair heat transfer charecteristic, are medium
cost, with a finitea life. For low temperature operation, the
glycols can become viscous requiring grester pumping power
and therefore reduce the heat pump system efficiency.

Improperly handled, alcohols are not safe {(burn and expiode
when mixed with air), are toxic, are relatively non corrosive,
with fair hest trensfar charactaristics, are medium cost, and
have long life. Their major drawbacks are their explosive and
toxic behavior. Diluting the alcoho! salution before taking them
on site reduces the explosive risk somewhat. Alcohols are non
corrosive which makes their wuse very popular. Their
application has been in both the northern and southarn
climates.

CAUTION: Many anti corrosion inhibitors are toxic and care
musit be taken to pravent a non toxic antifreeze solution from
becoming toxic after the solution is inhibited,

Metal Components: The metai components In the system must be
compatible with the cl/gc circulating fluid. The companents
that must be carefully selected ara:

Circulation pump and pump flanges

All metal piping

Sensing ports

Any metal componant in contact with the circuilating
fluid

gy v

Bepending on the antifreaze selected, the metals chosen for
the system must be carefully selected. The dealer's
recommendation must be carefully follawed, '

Antifresze solution used in earth loop system must be non toxic
and non corrosive. Non toxle in case there is a leak in the

loop system so the ground water will not be contaminated and
non corrasive lo protect ths meta components used in  the

circulation pumps and cther system componants.

To determina the amount of antifreeze to be added to tha water
in the sarth loop, calcuiate the approximate volume of water in
the sysiem by using the following table which gives tha gallons
of water par 100 feet of pipe.

TABLE 4
PIPE NOMINAL GALLONS PER
MATERIAL P1PE S12E 100" OF PIPE
Polyethyiene
SDR-11 3/ 3.02
SDR-~11 1 h.73
SDR-11 1-1/4 7.52
SDR~-11 1-1/2 9.85
SDR-11 2 15. 40
SCH 40 /4 2,77
SCH 410 1 4.89
S5CH 40 1-1/4 7.77
SCH 4o 1-1/2 10. 58
SCH 40 2 17.43
Poiybutylene
SDR~17 IPS 1-1/2 11.46
SDR-17 IPS 2 17.91
SDR~13.5 CTS 1 3.74
SDR~13.5CTS 1-1/4 5.59
5DR-13.5CTS 1-1/2 7.83
SDR-13.5CTS 1 13,38
Copper 1 4.3

Add two gailons for the equipment room devices and heat
pump.

PROPYLENE CLYCOL

Propylene glycol solution Is lower in toxicity, can offer low
corrosivity, low wvolatility, and fow flammabitity hazard.
However, propylane glycol is more costly and ylelds more
viscous soiutions. Propylene giycol solutions may be considered
for use down o about i5 degrees F. Use of propylene glycol
salutions below 15 degrees F offers excess viscosity which, in
turn, vyields excessively high frictlonal pressure dreps and
excessively low heat transfer coafficients.

The 15 dagrees F temparature is definitely tha maximum lower
limit for closed iloop systems. A more ressonable lower limit
threshald would be a maximum 5% mixture by wvolume and
operating above 25 degrees F. Lower operating temperatures
andfor higher concentrations of propylena glycol are not
economical when you consider the energy required to pump the
fluid and maintain turbulent flow under those conditions.

In order to obtain good heat transfer within the buried pipe
system the calcuisted reyneolds number should not fail below
2500 for the coidast exit fluid temperature fram the heat pump.

The quality of the water used to prepare glycol solutions is
important. The water should be "soft" and have a low
concentration of chioride and suifate ions. Glyco! inhibitor is
commonly added by the manufacturer. Glycol solutions normally
have a pH of 8.8 to 9.2. Glycol solutions having pH that falls
befow 7.3 should ba replaced. Addition of inhibitor cannot
restora the solution. Indiscriminate mixing of differently
inhibited salutlons should be avoided unless the solutions are
known to be compatible.

Never use chromite treatment because it will result in rapid
buildup of sludge. Glycol solutions, evan though inhibited, do
nat have en indefinite service life and shouid be checked
yeerly. Spent giycoi selution should be removed from the
Sysiem and replaced with fresh giycol solution.
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Where the ground water at 100 ft. depth is less than or equal
to 60°F, a 20% by valume solution of propylene gilycol is
required. The percentaga of antifreeze dapends on
geographical location, A 204 by volume solution of propylene
glycol is required for 18°F freexs protaction.

For 100 gallons of water in system, 20 gallons of
propylena glycol is required.

Example:

Two short pieces of hosa, 2 bucket and a imall Submearsible
pump are needed to add the antifreeze.

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

Attach hoses to the ballar drains. Run the uppermoest hose to
drain. Connect the other hose to the submersible pump in the
bucket. Put full strength propylena glycol into the bucket and
pump in the amount needad to give the required percentege by
volume. When the required amount has been pumped In, turn
off the pump, close the boiler drains, disconnact the hoses
and open the isolation flange or gate valve.

CALCIUM CHLORIDE

Calcium chloride brines are the second lowest cost brines, next
to sodium chioride brines. Calcium chiloride brines have been
used to as low as -30 degress F: however, thermal and flow
characteristics deteriorate rapidly below -5 degrees F.

Calcium chloride is marketed In flake, solid, and solution
forms. The flake form is used most extensively and is available
as Type 1 which is 77 minimum weight percent calcium chloride
and Type 1 which s %% minimum weight percent calcium
chloride.

Both of the sslt brines previously discussed can cause
considerable corrosion problems. Regular menitoring and
maintenance are necessary. Seclusion of the brines from
oxygen and carbon dioxida helps prevent corrosion; however,
closed systems such as the esrth coil still tend to have some
corrosion. Strangely enough, diluted solutions tend to be more
carrosive than concentrated solutions. Corrosion s  best
controlied by minimizing contact with asir snd maintalning pH
between 7.5 and 8.0. Ackdic, nautral, or strongily alkaline
brines tend to be most corrosive.

Sodium dichromate inhibitor is generally considered to be the
most economical and most effactive means of combatting
corrosion with sait brines, Sodium dichromate comes as orange
crystals that are readily dissolved In warm water. Sodium
dichromate dissolves very slowly in coid water and shouid
never be put intc a brine tank in crystal form. Dissoive
dichromate crystals in warm weter and add resulting solution
to the brine.

itf you elect to use the salt brine soiutlons, the following
points have been observed in systems that have successfully
operated in this environment for long periods of time with lttle
ar no difficulty.

During system startup, aill air must be purged or removed.
Fluid velocities greater than 1 feet per second must be
achieved during the charging, purging and startup operation
in order to accomplish this objective.

Air traps at the end of hesders and manifolds must be
eliminated.

Metal components with high rinc content must be slimlnated,
This includas circulation pumps, flttings and valves. This can
partially be accomplished in the design process by reducing
the number of metel components in the aystem.

Alloys that are high in iinc content should be avoided and
substituted with 300 and 400 series stainlass  stoel,
copper-nickel or other more nobie {cathodic) materials.

Copper-nickel heat exchangers are more likely to survivae the
s3it brine environment than standard copper heat exchangers.

The materials are llsted in order of most desirable to least
desirable from a corrosion resistence standpoint:

1. 300 SERJES STAINLESS STEEL
2. 400 SERIES STAINLESS STEEL
3. GCOPPER NICKEL ALLOYS

4. BRONIES
5. COPPER
6. BRASSES 4

7. ACTIVE STAINLESS STEEL
3. CAST IRON

9. STEEL

10. ALUMINUM

A 0% by weight sojution calcium chloride and water may aiso
be used as an antifreeze in the earth coupled system. It is
&iso non toxic, & better heat conductor and less expensive
than propylene giycol. However, it is very corrosive. Muitiply
the gallons of water In the earth loop system by 1. 4841 to find
the pounds of 93-37% pure calcium chlorida required for 18°F
freszs protection,

METHYL ALCOHOL {METHANOL)

Methy! aicohol, sometimes referred to as methanol, wood alcohol
and carbinol has been widely used as an antifreeze. Methanol
water offers low cost, low corrosivity, low viscosity, and goed
thermat conductivity. Methanol watar offers relatively low
frictional pressure drops and relatively high heat transfer
coefficients. Methanol, hawever, offers the disadvantages of
high wvolaulit high _flammabilit and_ hi loxicity. Pure
mathanol has a flash point of 54 degrees F to 60 degrees F,
whila a 30 percent methanol in water solution has a flash point
of 75 degrees F. Thesa flash points are poor. A 19.41% by
volume solution will have a freezing point of 15 degrees F,

Vill. System Start Up

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

FLUSH THE SYSTEM PIPING--D0 NOT connect the water lines
fram 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 flrst flushing the water loop piping,
the heat pump unit may be damaged. Therefore, follaw this
procedure carefully before connecting to the unit.

When an earth coupled system, connect the piping to flushing
rig {Figure 15) that can be easily constructed from a 55 gailon
drum, 1 hp water pump, and some relatively inexpansive
piping. FlIl the sarth coupling as much as possible then hoak
one side of the earth coupling to the pump and return the
other side of the earth coupllng to the top of the barrel. Flll
the barrel and turn on the pump. The barrel must be kept at
lsast half full of water to avoid sucking air into the system.

When the proper flushing connections have been made, check
to be sure all accessible fittings are secure and tight, and any
valves in the line are open. Start tha pump and lat the water
circulata for at least 20-30 minutes, This will allow enough time
for any entrained air or debris t0 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 gauga after 15 minutes. If there are no leaks in
the fins, the pressure will not drop. If the pressura in the
line falis by more than 5§ PSIG, it may be necessary to dig
holes at the coupling locations to check for loosa or failed
couplings. With all ground water systems, chack carefully for
any visible signs of water leakage before digging or boring
down to any coupling locations. |f visible leakage is found,
correct tha problem and retest the system. If no visible signs
of |leakage exist, and the piping system is lasing more than 5
PSIG In 15 minutes, then proceed to locate the source of the
leakags. Remember, for proper system cperation, there can be
no leakage in the watar loop.
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Pipe Size " 13" e

Sar purging | ? ’ "

e s [ w [
BOILER DRAINS -- Hoiler drains are located on bath

sides of the circulator for flnal filling, air purging and
antifreeze addition.

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

FLOW RATE ADJUSTMENT -- When the sarth loop has
beenn compiataly flushed and leak tested, remove the
flexible connection from the pipe ands and hook up the
supply and return lines to the appropriate connactions
on the watar cource heat pump, turn on the circuiator
pump and let the water circulate through the system for
five minutes. DO NOT aliow the hsat pump to operate
yet. The proper sequence is to aifow watar to circulate,
then adjust the flow rata, than operata the heat pump.

If the circuilator does not operate Immediately, turn off the
electrical power to the heat pump, close the isolation fanges,
remava 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 3 few minutes then restart the pump.

The flow rate should ba the desired oparating flow of the
model of water source heat pump being used (sea
manufacturer's specifications), Water flow should not be less
than that of the minimum flow rate required for the modei of
water sourca being used. If water flow is less than system
calculations  indicate, check your calculations. If  the
calculations are correct, there is some trapped air or
restriction in the water circuit.

IX. Other Items to be Followed

A. Follow the installation 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 will aiso show the
slectrical hookup and air flow requirements.

B. Fallow the Alr Conditioning Contractors of America,
“"Manuai D" for proper duct design for the air side of
the system,

FIGURE 15. PORTABLE RIG FOR FLUSHING EARTH COUPLED SYSTEMS
EARTH COIL START-UP
FLEXIBLE LINES ,
RESERVOIR  AIR PURGE
) e FLUSHING
v ¢ PRESSURE DROP
o ¢ ANTI-FREEZE
FLOW o FILTEAING
METER
-—
- DRAIN
PRESSURE
: A GAGE

ISP, //77// (e Cl Ll G i

1 HP PUMP
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TYPICAL WIRING OF
CIRCULATION PUMP OR PUMPS AND
WATER SOURCE HEAT PUMP
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Closed Loop Systems Suspended in Ponds and Lakes

The pond or lake shouid be approximateiy two acres in
size with a voiume of water equal to twice the size of the
house being heated. A larger pond will be required in
colder climates. The zone where tha axchanger is placed
should remain above 350°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, maks 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 brazed to 1" copper headers on 1 f{. centars.
The headers shouid be reverse return plumbad for
balanced flow in the legs. Refar 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}' [PS PB  service lines are
appropriate for systems up to 5 tons.

CALCULATING HEAD LOSS:

Locate the exchanger size in the table. Multipiy the tength of
servica lines in 100s of feat by the service line head loss in
ft/100 ft. and add that number to the exchangar head loss to
get the total loss of the exchanger and service lines,

PLACEMENT : [

Placa the exchanger near tha bottom of the lake at least 10-12
ft. below the lake's lowest operating water lavel. Popular
methods of placement include suspending the exchanger under
a dock or pler, or tied to a set of old automobile tires which
provide spacing of the exchanger above the lake bottom, Da
not allow the exchanger to be placed in the silt on the lake
bottom. Best performance is obtasined where the exchanger is
in open water.

SERVICE LINES:

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

Fallow the “Horizontal Earth Coil instailation" instructions for
the servica lines to the lake exchanger.

ANTIFREEZE:

The equivalent of 254 propyiene glycol is required.

CLOSED LOOP
LAKE EXCHANGER

c——- 1" Male adapter, 1§" brass

1* Coppar

31/4" Copper

insert bushing with 2 clacps

EXCHANGER | SERVICE LINE
HEAT EXCHAMGER { NO. of LECS READER FLOM | HEAD LOSS | HEAD LOSS,
SIZE, TONMS 20 FT LONG | LERGTH, FT | GPM IN FT FI/100 FT
1 k) 4 J 0.20 0.11
* 2 ] 7 6 Q.55 D.24
3 9 10 9 1.4 Q.72
4 12 13 12 2,8 1.23
5 15 16 15 5.0 1.90
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