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IMPORTANT

The following Bard Water Source Heat Pumps will not work
on earth loop systemes.

WEV30 or NEVD30
WPY35 or WPYD36
WPVS3 or WEVDEI
WPY62 or WPYD62
WS or MJSD30
WOS or WOSD36
WOS50 or WOSDSO

For RARTE LOOP SYSTEMS use one of the following:

WEY24
WEY30A or WEYU36A
WPY36A or WPYDI6A
WPYSIA or WEVDS3A
WEY6ZA or WPVD62A
HWP30 or HWPD30
HWP36 or HWPD36

WPY30B

WEY36D

WPY53B

WPY62B

WOS30A

WOS364

WOS42R




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

I. OETERMINE THE STRUCTURE DESIGN HEATING IN BTUH LOSS
AND DESIGN COOLING LOAD IN BTUH GAIN

It is very important PN accurate load calculation of the structure be done, therefore, it is recommended
that "Manual J" from ACCA or other national accepted methods be used.

II. SELECT A WATER SOURCE HEAT PUMP

When selecting a water source heat punp for use on 2n earth coupled system, it may have to operate at
entering water temperatures between 25°F to 100°F, therefore, it is very important that the minimun and
paxisum entering water temperatures of the selected water source be within that range. Several wmodels on the
sarket today have a much smaller operating range such as 45° to 85* or 60° to 85* entering water

temperature., Some of those will not provide satisfactory operation on an earth coupled installation.

The heating or cooling capacity of the water source heat pump should be determined from the menufacturer’s
epecifications for the design minirum and maxirum loop water temperatures. The water source heat pump should
he gsized as follows:

HEAT PUNPS SIZED FOR COOLING--The output capacity of cooling equipment should not be less than 100%
calculated total load nor should it emceed the calculated load by more than 150X, The corresponding Iatent
capacity should not be less than the calculated total latent load, The equipeent sensible and latent
capacities should be determined from the manufacturer s cataloged performance data, Catalog performance
ghould be verified at the design magimum loop water temperature and indoor design conditions expected on a
design day.

HEAT PUNPS SIZED FOR HEATING should not be less than 60% nor more than 115% of the calculated total heating
load. Catalog performance should be verified at the design minimm loop water temperature and indoor design
conditions expected on a design day., (Auxiliary heat should he sized to make up for any deficiency in cutput

when the heat pmp unit is underaized.) Emergency heat may be required in some locations,

AEAT PUMPS FOR HEATING AND COOLING shall be sized to meet 1007 to 150% of the design cooling load depending
on heating size requiremente and allowahle indoor temperature swings--units that meet 60% to 90% of the
deaign heating load are generally adequate when allowances for internal and solar gains are considered.
Auxiliary heat should be sized to make up for the difference between the depign heating load and the heat
pump output on a design day. Reergency heat may also be required in some locations. Contact Bard Techmical
Service for application assistance,

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

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

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



A word of caution is required here, Although the earth coupled loop is designed for a balanced rise and fall
in water tesperature suggesting that the net average loop water temperature remains constant because the
ground tesperature may vary * 15°F from season to seagon, the loop vater tewperature may vary + 20°F from
the balance point tesperature, This is because the ground iz able to overcool the loop water in winter, and
may undercool in susmer. Because of this, the temperature of the water entering the water source heat pump
unit may drop below 30°F in winter or rise above 100°F in summer. This range in entering water

tesperature is extremely important because water source heat pukpe are designed to operate within specific
operating tesperature ranges (see manufacturer‘s specifications for water source heat pupp operating ranges).
The tewperature ranges are established to protect both the heat purp unit and the water loop piping.
Porthersore, these temperature ranges are based on water only paseing through the system, The low
temperature limit of 40°F in a water source heat puwp unit is established to protect the loop water from
freezing. Again, thie low limit presumes that water only flows through the system. However, if the water is
ained with a pon-toxic antifreeze solution, the entering water temperature can be allowed to fall to 25°F.

HEAT PUMP

e only a water source heat pump that can be operated on loop temperatures well below 40°F down to
25*F. Information on when to use an antifreeze solntion in a ground coupled water source heat pump system
i8 contained in the following discussions on vertical and borizontal configurations.

PIPE

Use polybutylene (PB) or polyethylene (PR) pipe for horizontal coils, vertical U-bend wells and for service
lines to tbe wells and lake emchangers. PB pipe is fused together with appropriate fittings using a fusion
tool. PB pipe ig heat butt or socket fused with appropriate fittings using a fusion tool.

CLEANLINESS

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

PRESSURE TESTING

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

BACKFILL

Barrov trenchez made with a chain trencher can be bhackfilled with tbe tailings provided no sharp rocks are
present.

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

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

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

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



AS-BUILT PLANS

Barth coupiing features should be drawm on a site plan ag installed, if possible, to aid in the location of
key componente, A simple way to locate key features is to make 2 eeasurements (sides of a triangle) from 2
curners of a building to tbe feature. Record these measurements in a tahle on the plans. (See Figure 21}

Reasone for using an earth coupled system,

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

2. It ie cust effective in northern or southern climates.

3. Because tbe vater circulates through a sealed closed-loop of high strength plastic pipe, it eliminates
ecaling, corrosion, water shortage, pollution, waste and disposal problems possible in some open well
water eystems.

VERTICAL

A vertical earth coupled system consists of one or more vertical boreholes through which water filows in
plastic pipe. A distinct advantage of vertical system over a borizontal system is that the vertical system
requires less surface area (acreage). In areas where the ambient groundwater (average wel] water)
tewperature is less than 60°F, the use of an antifreeze solution to avoid freezing the loop is

recomended. (Figures 1. 2. and 3)

Boreloles are drilled 5 inch to 6 inch in diameter for 1-1/2 inch diameter pipe. For 3/4 inch diapeter pipe
loop Eystems, the vertical loops are connected in parallel to a 1-1/2 inch diameter pipe header. A horehole
of 3 inch to 4 inch in diemeter is used for 3/4 inch diameter loope, this lowers drilling costs, The 3/4
inch diameter pipe also costs less per ton of heat pump capacity. The smaller pipe is eapier to bandle, yet
there is no sacrifice in pressure rating. Also two loope in one bole reduces borehole length. Depth for
these systems is usually between 80 and 180 feet.

The basic components of a vertical earth coupled system are detailed in Figure 1. Each borehole contains a
double length of pipe with a U-bend fitting at the bottom. Multiple boreholes may be joined in series or in
parallel, Sand or gravel packing is required around the piping to assure heat tramnsfer. In addition, the

bore around the pipes and immediately below tha service (connecting) lines must he cemented closed to prevent
surface water contamination of an acqufier in accordance with local health department regulations.

SERIES U-BEND

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

PIPE
1-1/2 inch polybutylene or polyethyleme pipe is commonly used in 5 to & inch boreholes.

PB pipe is heat fused together with fittings. PR pipe ie heat fused together with butt or fitting joints.
STIFFENER

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



FILL AND PRESSURE TEST

Fill with vater and pressure test before lowering the U-bend into a well bore. When drilling with air, a
bore cap be completed that contains mo water. If unfilled piastic pipe ie lowered into the bore, it will be
crushed as the hole slowly fills.

MULTIPLE WELLS

Maltiple 100 feet wells connected in series are the easiest to drill and install in wost areas, It will be
difficult to sink water filled plastic U-bends into wud filled holes over 150 feet deep without weights.
Wells are gemerally spaced 10 feet apart in residential systems. The well should not be lese than 50 feet
deep.

SERVICE LINES

Pollow the guidelines for the horizontal earth coil when installing the service lines to and from the U-bend
well.

PARALLEL U-BEND

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

PIPE

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

Follow "Series U-Pend Well™ instructions on:

Stiffener Multiple Wells
Fill and Pressure Test Service Lines
RULE OF THUMB RILE OF THOMB
MINIMM DIAMETERS FOR BOREROLES Por parallel systems, use one loop for each one ton
Fominal {12,000 Btuh) of beat punp capacity. For example,
Pipe Size Single U-Bend | Double {-Bend a three ton heat pump would have three parallel
k11 3-ien 4-1/27 loope. Headers are constructed from 3/4 and 1 inch
1" 3.12" h-1/27 pipe. For heat pumps with reduced flow
1-1/4* i L-3/47 requirements (2 GPM/ton and less), the series
1-1/27 £-3/4 & system should be congidered in order to maintain
2" 6" ™ the necessary fluid velocities to promote good beat
transfer, See Table 3.

RULR OF THUMB

PVYC pipe is not recommended for tbe buried portica
of tbe earth coupled ground heat enxchanger.
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FIGURE 3
SERIES AND PARALLEL BORIZONTAL SYSTEMS

SERIES -~ HORIZONTAL PARALLEL - HORIZONTAL

SUPPLY HEADER
SUPPLY | / cH

-~ AETURN HEADER

RETURN /A ( - J /

L ) REVERSE RETURN
FIGURE 3A
SERIES AND PARALLEL VERTICAL SYSTEMS
SERIES - VERTICAL PARALLEL - VERTICAL
SUPPLY MEADER
/‘SUPPLY LINE . / REVERSE
- “ - RETURN
~ _/ YW ) Loop - -
N
RETURN /- N~RETURN
HEADER
H[ 1 T $9 JH 4 J‘/_Loop
\J "t \J LJ
) S -' \J
U-BEND - U-BEND
SERIES SYSTEM ADVANTAGES PARALLEL SYSTEM ADVANTAGES
1. Single flow path and pipe size. 1, Tower cost pipe because smaller diameter.
2. Slightly higher thermal performance per linear 2. Less antifreeze required,
foot of pipe since larger diameter pipe is 3. Lower insta])ation labor cost on horizental
required in the series system. systems,
SERIES SYSTEM DISADVANTAGES PARALLEL SYSTEM DISADVANTAGES
1. larger fluid volume of larger pipe in a series 1. Special attention to assure air removal,
requiring greater antifreeze volumes if 2. Special attention required to assure equal
antifreeze is required, length loops,

[ ]
H

Higher pipe price per unit of performance.

3. Increased installed labor cost with horizontal
systems,

4. Liwmited capacity (length} due to fluid pressure

drop characteristics,




HORIZONTAL

A borizontal earth coupled system is eimilar to a vertical system in that water circulates through
underground piping. Bowever, the piping in this system is buried in a trench. (See Pigures 12, 13, and 14)

EIGURE 4

Pipe depths in the Horthern Zone should be 3 to
5 feet, Excessive depth will reduce the _ '
ability of the gun to recharge the heat used in PIPE DEPTHS

vinter. ‘ NORTHERN
. . { Ly . ' ZONE

Pipe depths in the Southern Zone should be 4 to O S e TR N (Y 3. to 5 ft.

6 feet, so that the high temperature of the o LT A W —————

soil in late summer time will not seriously ,. i b SOUTHERN

affect system performance. . ? ZONE

4ft. to6ft.

Antifreeze will be necessary in the Morthern
Zone to prevent freezing of the circulated
vater and to allow the system to gain capacity
and efficiency by using large amount of heat
released vhen the water contained in the soil
ie {rozen,

Antifreeze solutions used are a non-toxic Propylene Glycol or Potassium Acetate (G54).

The use of multiple pipes in a trench reduces total trench length substantially. If a double layer of pipe
i laid in the trench (Figure 5), then the two layers should be set two feet apart to minimize thernmal
interference. Brample: A 1-1/2 inch geries horizontal system with pipes at 5 feet and 3 feet. After
installing first pipe at 5 foot depth, partially backfill to 3 foot depth using a depth gauge stick before
instal}ing second pipe with the return line running closest to the surface and the supply line ruaning below
it. This arrangement will maximize the overall system efficiency by providing warrer water in heating mode
and colder water for cooling mode. Connect pipe ends to heat pump after the pipe temperature has stabilized
g0 that shrinkage will not pull pipe loose,

FIGIRE 5
SINGLE AND STACKED HORTZONTAL EARTH COILS
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FIGURE 6
THO PIPR AND POUR PIPR RARTH COIL IN A WIDE TRENCE

Two pipes in the same trench, one above the other, separated by two feet of earth requife a trench 60X as
long as a single pipe. The total length of pipe would be 120% ag long as 2 singie pipe due to the heat
transfer effect between the pipes.

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

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

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

FIGURE 7
HORT20NTAL BARTH COIL TURNAROUNDS
NARROW TRENCH RETURN BEND DETAIL
DOUBLE LAYER HORIZONTAL BARTH COIL

HORIZONTAL RETURN LOOP OPTIONS

« BEST
PREFABRICATED -

U-BEND — * HIGH CRUSH
RESISTANCE

90° ELBOWS « BETTER

SCRAFP P

iPE
- + GOOD
LARGE RADIUS * HAND BACKFILL
-

TAPE REQUIRED
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When making the return bend, be careful mot to kink the pipe. Two inch pipe requires a four foot diameter
bend.

RULE OF THUMB
Naximm recomeended pipe length in geries:
(Pressure loss, water @ 40°F)

Nominal Description Head
Size Flow, Length (Feet}
34" SOR-11 (0.86 inch ID)

3 GPM, 500 ft. 10.3
1" SDR-11 (1.077 inch (ID}

3 cP, 1,500 ft. 10.4

4.5 GPM, BDO ft. 11.4
1-1/47 SCH40 (1.380 inch ID)

7.5 GPM, 1,200 ft. 12.9
1-1/27 SCH40 (1.61 inch ID) '

9 oM, 1,500 ft. 10.7
r SCH40 (2.067 inch ID}

15 GP¥, 2,500 ft. 10.7

NOTE: Fluid pressure drop dictates the length of

pipe run in any qround heat exchanger design. |

FIGURE 8
GROURD HEAT EXCEANGER BUILDING STUB QUT

ROTE: (1) Ground heat exchanger stub outs should be spaced a minimun of one foot from amy wall or
obstruction.
(2) Long sweep elbows are required for 1-1/2 inch or 2 inch header pipes.

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

NARROW TRENCHES

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

The pipe can be coilad into an adjoining trench. Since the trencher spaces the trenches about 5 feet apart,
looping the coil from ome trench to another will give a large enough diameter return. The end trench ghould
ba backhoed to give enough room for the large diameter bend.

If the pipe is brought beck in the same trench, bend the pipe over carefully to avoid kinking the pipe and
hand backfiil the area arcund the return bend (Figure 7).

1



To reduce the bend radius, elbows may be used. However, keeping the nuaber of fittings underground to a
pinimm may be preferahle gince the potential for leake 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 vith the coolest water in sumer and the warmest in winter.

BACKHOE TRENCHES

1f & backhoe is used, the trench will probably be about 2 to 3 feet wide, In a wide backhoed trench, two or
thres pipes may be placed side by side, one on each side of the trench, The pipes in the trench wust be at
Jeast 1.5 feet apart.

Backfill carefully around the pipe with fine soil or sand, Do not drop clumps of clay or rock onto the pipe.
See Figure 7 for return loop designs.

FIGURE 9
ONE PIPE FOUR PIPE/  THREE PIPE/
| ‘ STACKED SIDE-BY-SIDE
lo]
| U
1K,
TWO I LN
MULTIPLE M diiig 000
PIPES 1] jl' 2l
INA T
- POUR PIPE/ SIX PIP
o
NORIZONTAL | STACKED PAIRS STACKED
TRENCII ] ]
TWO PIPE/ Lo Llooo
SIDE-BY-SIDK “"_'__o o 2;‘_0 oo
l , el 2 el
00
I Py I

{Recommend minimuem of 3 feet of soil above top pipe.)}
SERVICE LINES OR HEADERS

The recommendations for the horizontal earth coils also apply for the installation of service lines to and
from the U-hend wells and pond or lake exchanger.

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

b
It 2 pipes are buried in the same trench, keep them 2 feet apart.
A parallel horizontal earth coupling is one in which the water flows out through a supply header, is divided
equa)ly, and flows simultaneously into 2 or more earth coils, It then returns to the other header. Headers
are reverse return plumbed so that equal length earth coils must be within 10% of each other to insure equal
flow in each coil. (Figures 10A thru I0C)
For further information on header design, see section on "Standardized Parallel System Header Design”.

Pollow "Seriey Borizontal Earth Coupling” instructions on NARROW TRENCHES AND BACKAOE TRENCHES.
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RULE OF THUMB

Trench length is reduced in the following proportioa
| when sultiple pipes are installed in a singie trench |

| Mumber of Pipes | Trench/Pipe (Feet) | Depths (ft)

1 500/500 5
2 300/600 4,6
4 200/800 3,4,5,6

HEADERING UP

The process of connecting loops to the header is called headering up. Consider a system of seven bore holes
with drilling placement as shown in Figure 11A. The contractor has two choices:

1. Run the supply and return headers down the center of the loop field and connect as shown in Figure I1A.
2. Run the supply and return headers along a single side of the bore holes,

Bither sethod is acceptable. Some comtrectors prefer to drill bore holes in a single line which reduces the
location time between bore holes.,

The trenching pattern or sequence connecting the loops to the bell hole is shown in Figure 118, By placing
the main header ag shown in Pigure 11C and using %0° elbows, pipe loops can he connected without placing
undue stress on the pipe. The bell hole must be large enough for two people to work in comfortably.

For bore holes in a straight line, the axis of the service saddle can be laid horizontal and avoid the use of
the 90* elbov. Header placement in this case is shown in Figure I1C.

FIGURE 104
HEADER CONFIGURATION OFTION

1) CLOSE HEADER

dmcH TEES
20° ELBOW

HEADER
ENTRANCE

BELL ASDUCER 1§ X § incH

2} EXTENDED HEADER (SINGLE HEADER MPE SIZE)

/—H!ADEH END

8 ___ MAIN HEADER ‘@/"”“m
o T dndne e nesocen

1§ INCH

3) EXTENDED HEADER (MULTIPLE HEADERA PWPE SIZE}

/% neocen tfa =}mcn/—ul.l. ARDUCER 1} x § e

20° ELBOW
h MAMN HEADER [ g men oo wesoen | T T D/
2 —— Lui\uﬁg ;"f“m‘ Ll‘\rn \—im
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FIGURE 10B
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FIGURE 10C
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FIGRE I1A FIGURE 11B

HEADER CORRECTICRS TRENCEING CONFIGURATIORS
BUILDING SITE SUPPLY AND RETURN
1_ /— MEADER TRENCH
]
| FLOOR - TRENCHING
| /PENETRATIONI / SEQUENCE
L J
RETURN N
SUPPLY'/ / HEADER 15'
HEADER ' -
| mee .
. BELL HOLE OR
BELL HEADER PIT
HOLE {After Trenching)
1 _ {5-foot)
—\{\.'))/ﬁ 5it.
/""‘- %"—"
.« VERTICAL LOOP
J 7 BORE HOLES PIPE
7 TONS CAPACITY === g-WIDE TRENCH
Not to Scale
FIGURE 11C
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BIGURE 15 FIGURE 16
SOCKET FUSION BUTT FUSION
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FIGURE 17
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PIPE JOINING METHODS

HEAT FUSION--Beat fusjon is the process where plastic pipe materials are aligmed, cleaned or trimmed, beated
to their melting point, bromght together, and allowed to cool to form a homogeneous material, The
appropriate ASTM standards are:

1. D2610 "Specifications for Butt Pusion Polyethylene (PR) Plastic Pipe Fittings, Schedule 40"
SCOPE:

2. D2683 “Specification for Socket-Type Polyethylene Fittings for Outside Digmeter Controlled Polyethylene
Pipe”
SCOPE:

3. D2657 "Practice for Heat Joining of Polyolefin Thersoplastic Pipe and Fittings”
SCOPE: This practice describes general procedures for making joints with polyolefin pipe and fittings by
peang of heat-joining techniques in either a shop or field environment.

For reliability, all underground piping jointe should be thersally fused rather than nechanically coupled.
The arguments for this are:

1. Eeat fusion joining results in a joint which is stronger than the pipe itself. The pipe wall at this
point bae a larger cross section which gives the joint the added stremgth.

2. The connection or joint is all plastic eliminating corresion probless.
3. There are industry standards (ASTM. PP1, --) which have writtem guidelines for proper joining methods.
4. Training programe are available from the mamufacturers of the pipe and fusion machines,

EEAT FUSION METHODS--The industry has accepted two heat fusion techmiques, butt and socket. The fusion
pothod chosen will depend on the pipe manufacturer’s requirements and recomsendations and the ease in which
field pergonnel can he trained to reliably fabricate ground heat echangers.

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

BUTT FUSIOW--The second type of heat fusing joining is the butt fusion procedure where the 2 pipe ends are
gisultaneously beated to a plastic state and brought together to form the heat fused joint (see Figure 16},

A single heat fugion process is reguired to form the joint between the two plastic pipe ends. The butt
fosion process is performed by using specially designed machines (available from several manufacturers) which
provide secure holding of the two pieces to be fused, aligning the pieces, triming and squaring their ends,
heating the surfaces to he joined, and butting them together while they remain in a plastic state,

SIDEWALL BUTT PUSION JOINING--In addition to joining the flat ends of pipe or fittings, the butt fusion
process can also be used vhen joining the concave surface of a service saddle to the convex surface on the
gidewall of a pipe (see Figure 17). This is done by heating these surfaces with appropriate convex and
concave shaped heaters and then butting these surfaces together. This 1s kmown as sidewall fugion joining.
Typical butt fusion fittinge are illustrated in Figure 16.

SRLECTION OF HEAT FUSION METEOD--Polyethyleme is beat fused and joined uming hoth butt and socket procedures.
Material grade, density, etc. will determine if the particular grade can he fused with either method. Some
high density polyethylene materiale cannot be eocket fused,

Polybutylene in the sizes used in ground heat exchangers is normally socket fused,

Both fusion procedures when properly done yield highly reliable joints that are stromger than the pipe itself,

20



IV. DESIGN OF EARTH COIL

Rarth coupling is & method by which water used by the heat pump ie circulated through pipes buried in the
ground, Heat is tramsferred to and from the soil through the walie of the pipe. Barth coupled systems are
weed in aress where insufficient ground water is available, or dieposal of well water is impractical, or
regulations prohibit the use of well water, or the environment corrodes cutdoor condensing unite, The piping
may be buried in either a vertical or a horizontal configuration.

The first recorded experience of earth coupling 2 heat pump was a 1912 Swiss patent. The negt period of
earth coupling activity occurred after World War II in both the United States and Burope. In the period from
1946 to 1953, twelve major earth coil research projects were undertaken by the Ediscn Electric Institute,
This research developed many of the basic theories and designs thet are used in earth coupling today., Work
on earth coupling vas terminated because of low energy costs.

The sajority of the research work in the United States since 1978 has been conducted at Oklahoma State
University (0SU). Currently many universities and utilities are conducting continuing studies of earth coils,

GUIDELINES PROCEDURE

Caltculate the conling and heat loads
Determine duct capacity

Select heat puap

Determine type of earth coil

Select pipe for earth covil

Calculate length of earth coil

Choose fluid in eartb coil

Layont pipes and fittings

Calculate preseure drop in feet of head
Select circulating pump or pueps

SwmNo W~

f—

CALCULATE THE COOLING AND REATING LOADS--Use ACCA Manual J, ASHRAR, or equivalent method of calculating heat
gaing and losees for the building.

DETERNINE DUCT CAPACITY--Use ACCA Manual D, ASHRAE, or equivalent to determine the CFM capacity of the duct
gysten. [f it is a new building design, ductwork to meet the needs of the heat pump must be selected,

SHLECT HEAT PWMP--In an earth coupled system, the heat pump should supply the entire cooling load at design
paninmm entering water temperature, There is no problem if the heat pump is oversized for the heating Joad.
Hovever, if the heating loed of the building exceeds the cooling load, the beating capacity of the heat pump
ghall be equal to or greater than 70% of the design heating problem if the beat pump is oversized for the
cooling load, Once the heating and cooling loads are Jmown, the heat puep can be selected. In earth
coupling applications, heat puep selection involves several important considerations.

Unlike in well water applications where water temperature is constant, earth coupled systems must he designed
for entering water temperatures that may vary between 30° on the low end and 110° on the high end,
Consequently, when selecting a hest pump for earth coupling, ome must detersine capacity and efficiency at
both high and low design entering water temperatures.

DETERMINE TYPE OF EARTH COIL--There are three basic earth coil designe listed below in order of difficulty.
1. Single lsyer horizontal

Z. Double layer horizontal
3. Simgle U-bend vertical
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The trenches should be epaced a minimmm of & feet apart. Single layer borizontal systems are usually
trenched a nininm of 4 feet deep as far north as Indianapolis. But in morthern locations such as Chicago,
the trenches are usually 5 feet deep. Double leyer horizontal systems are trenched at & feet with the pipes
installed at 4 feet and 6 feet. The boreholes for vertical systems are spaced a minimum of 15 feet apart.
The depth of the borehole is determined by drilling conditions.

Barth coil eystems may he designed for series or parallel flow. Series flow is eamier to install and test
but weuwally requires larger diameter pipe. Yertical systems with series flow do not need to have the
borelwles the eame depth, Parallel fiow requires more care in installation but usvally reduces pipe diameter
and pressure drop.

SELECT PIPE POR BARTH COIL--After years of testing and experience, the plastic pipes listed helow have been
foud to he the most cost effective for earth coils.

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

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

CALCULATING LENGTR (¥ RARTE COIL--Table 1 shows typical earth coil lengths which will provide adeguate system
performance in those areas of the country depicted in the table. However, precise calculations which
congider the wnique characteristics of each locale can reduce the length of coil needed and enhance the
perfornance of the system,

Lh - 12,000 Btuh/Ton (COP - 1/COP) {Rp + (Re)(Fh)}
T1 - Tnin

Lc = 12,000 Btuh/Ton (EER/).41 + 1) - {EER/J.41){Rp + (Re)(FC)}
Toax - Th

Where:

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

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

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

R = Soil resietance

Fh = Heating run fraction

T]1 = Low eoil temperature at day To

Tain = Design minimm entering fluid temperature

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

Teax = Degign maximum entering fluid temperature

Th = High 20i] temperature at day to +180

INPORTART: Cenerally, in southern locales the cooling length will be longer while in morthern areas the
heating length will he longer. Alvays select the longest earth coil length for each installation.

The first elesent to consider ie heat pusp COP, Remember this is not the COP at well water temperature but
the COP at the loop entering water temperature. This loop tewperature will range hetween 30" and 50°
depending upon location and loop design. Typically the average Jamuary COP is between 2.8 and 3.1. MNote
that earth coil systems are designed for the peak demand months of January and Angust. As a result, a system
may have a January COP of 2.9 and a March COP of 3.1. Some southern applications might have a COP greater
than 3.1 bat in those locations the cooling load is dominant.
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Just as the COP wust be for the January entering water tq:erature'. 80 the ENR must be for the August
entering water tespersture. Typically the entering water temperature ranges between 70 and 100°. Typical
EER values fall betwean 10 and 11,

Pipe rezistance is the next element to consider. It ie calculated using Pourier’s equation,

k- 1 IN{ Do}
21Pp {Di}

Rp = Pipe rezistance

Kp = Thermal conductivity of pipe (Btub/Lft - °F)
[H = The natural logaritha

Do = Pipe outside diameter (ft}

Di = Pipe inside diameter {(ft)

The calculation of soil reeistance is baged upon the Xelvin Line Source Theory. This theory is set out in
the following equation.

ke =  L(x)
21Ka

Re = Soil resistance
I({x) = Integral
Ta = Thermal conductivity of soil (Btuh) Lft - °F (See Table 1)

The above discussion assumes unfrozen soil. Prozen soil hae less resistance to heat transfer. In addition,
freezing soil releases 144 Btu/Lb of latent heat.

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

CAUTION: The run fraction will increase if the beat pump ie undersized. Por example, in Chicago, Iilinois,
the beating run fraction for 2,400 equare foot medium insulated bouse is .44, If the heat purp
guppl ieg only 751 of the design heating load, then the run fraction will increase to more than
,65. At pome point, undersizing will lead to 100X run tiee or a run fraction of 1.0.

There are two benefits for sizing the heat pump as close to deeign load as possible,

1. 1t lessens any futnre residential demand cherges for electricity amd
2. 1t lowers the run fraction which decreases pipe length,
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The l1sst element to be considered is the allowable temperature differemtial of the earth coil. Thie number
iz the spount of temperatore swing from the peak soil temperature which the gystem iz designed for and the
hest pmp can use, It can be expressed by the following equations.

Thd = Ti - Tein

Tod = T - Th

T] = Low s0il temperature

Th = High eoil tesperature

Tein = Degign miniwum entering fluid temperature
Toar = Design maximm entering fluid temperature

NOTE: Although Bard beat pumps can operate between 25 and 110°, all designs should allow some margin
for error.

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

Td~Te - As { e - X(I1/3652)1/2}cosl 2 I1/365(t-to)-n/2(365/11a)1/ 2}

Td ~ Soil temperature on that day

Te = Mean annual soil temperature

As = Annual soil temperature swing

e = Exponential logarithm

% = Depth in feet

T » Day of the year

To = Phase constant, day of ainimm surface temperature
a = Thermal diffusivity of soil )ft2/day)

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

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

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

Earth Coupled Loop System Design
Bard Manufacturing Company

P. 0. Bax 607

Bryan, Ohio 43506

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




Obtain
Soil falple

| Remove
Particles > 3"

SOIL IDENTIFICATION

Determine percentage of the
particles that can be seen

> 50% of

the

particles
can be seen

> 50% of the 50% of the
particles particles
| cannot be seen cah be geen

| Sand or ¢gravel) |

Silt, clay or

fine gand

Tiem]

Sample:

= Dark gray or black in color

« Odor of decay

« Spongy feel

= Fibrous texture

See Table 1
for thermal
properties of

sand

See Table 1
for thermal
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anirE

Cal

1 engineer for

eoil thermal
properties

loam

|
| Perform Dilni:ancy Test |

|
| Pertorm drylstremth test |

|
| Perforn tmllqhns test |

For complete eoj] data, refer to "Soil and Rock Classification For The Degign of Ground-Coupled heat Pusp
System”™ edited by James E. Boge, distributed by International Ground Source Heat Puxp Association,

Stillwater, OK,
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TABLE 1
SOIL_THERMAL PROPERTIRS

Thermal Thersal | Conductivity | Thermal { Diffusivity
| Texture Class WM <X | Bto/ft hr °FP | CM2/sec | ft2/day
| Sand or (gravel) .17 0.44 L0045 .42
Silt 1.67 0.% - --
Clay 1.11 0.64 .0054 .50
Loan 91 0.52 .0049 .46
Saturated Sand 2,50 1.4 .0093 .86
Saturated Silt 1.67 0.9 .0066 .61
or Clay

TABIR 1A FIELD IDENTIFICATION OF INORGANIC SOIL TEXTURAL TYPES
GENERAL CHARACTERISTICS
Textural Type | Main Fractions* Appearance, Kubbed Between Squeezed in Palm of | Rolled into Ribbon,
Pry Conditions Fingers, Dry Hand, Moist Moist Conditions
Conditions Conditions at
Field Capacity
Sandy Soil At least 85% Crusbly with ro Gritty: soil Can form cast; Cannot form ribbon
gand particles clods or lumps; graing readily crusbles with
individual soil felt least amount of
grains vigible to handl ing
the naked eye
Sandy loam soil | At least 50% sand | Mainly crumbly and | Gritty: seil Can form cast that | Caannot form ribbon
' particles: not looge: grains grains readily will bear careful
sore than 20% clay | readily seen and felt handling
felt
Loam #oil At least 80X sand | Mainly crumbly: Fairly smooth but | Can form cast that | Cannot form ribbon
gilt in about egual| scme clods or lumps | soms gritty can be handled
proportion; not feeling; lumps freely
more than 20% clay eagily broken
Silt loam s0il! | At least 50% siit; | Ouite cloddy but Lumps easily Can form cast that | Cannot form perfect
not more than 20% | some crumbly broken amd essily | can be handled ribbon; bas broken
clay paterials pulverized; there- | freely; wet soil gurface, cracks
after floury runs together and appear
terture and soft puddles
feel
Clay loam g0il | 20 to 0% clay Pine-textured soil; | Lumps hard; not Can form cast that | Can form perfect
' quite cloddy but eagily broken can be handled ribbon but breaks
scme crumbly freely; soil plastic| easily
paterial
Clay soil 30 to 100% clay Fine-textured soil; | Lumpe very hard; Can form cast that | Can form ribbon
breaks into very difficult, if not | can be handled that will support
hard clods imposeible, to freely: soil plastic{ its own weight
break
§ilt eoil At least 80X milt

*Based on the textural classification of the U.5. Bureau of Public Roads.
|__Refer to text for: shaking (dilatancy) test, shine test, dry-strength test.

Source: Soil Thermal Characteristics in Relation to Underground Power Cables. 14
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¥. INSTALLATION OF THE EARTH COUPLED GROUND HEAT EXCHANGER
IR TBIS SECTIOM--5Site Plan, Installation Bouipment, and Pipe Installation Consideratioms.

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

SITE PLAN

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

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

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

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

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

The owner should be consulted to determine if:

1. Special areas are to avoided. Trees, shrubs, and gardens that are mot to be disturbed should be
identified.

2. Acceptable locatione for entry and exit of heavy equipment, Be cautious, they may not kmow the limits of
their driveway. The contractor is generally liable! A ligbtweigbt machine with large flotation tires
can reduce pavement and yard loads. Machine with four-wheel steer can mameuver in crowded locations.

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

INSTALLATION EQUIPMENT

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

exchangers.

CHAIN TRENCHERS--In many cases, trenchers are the most economic choice since the amount of soil or dirt
remwed ie minimal when compared to other methods, and trenching productivity is usually much higher than
that of a backhwe, Systems are now heing developed which allow the automatic placement and backfilling of
multiple pipes in a single trench sipultaneously. A trailing vibrator and the addition of water to form a
glurcy hae increased productivity significantly for the multiple pipe system. Trsnch widths are about 6
incher with depthe to 7 feet for 65 horsepower tremchers. The most common gize chain trencher is in the
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depth range of 3 to 5 feet. A 6 foot boom costs about 5X of the cost of a trencher. Multiple pipes in the
trench greatly reduce trench length and the area required for a horizonts! buried pipe system.

FIGURE 2}
LOCATION DESCRIPTION OF UNDERGROUND UTILITIES
COURTESY OF OXLAROMA STATE UNIVERSITY

STREET OR RAOADWAY

“CRURAL WATER LINE

PROPANE
TANK

e
(e e

™

— -

![ Yr EARTH COIL Ftsl.o/
BOURDARIES

' VERTICAL LOOP
HEAT EXCHANGER
34 INCH = 18 FOOQT APACING
188 FOOT BORE (EACH)

BULLDOZERS--Nethod A using a bulldozer would only be appropriate if the soil had been removed for some other
purpose of if excavation for a large header system were required.

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

FIGURR 22
FOUR BASIC INSTALLATION TBCHNIQUES
COURTEST OF OXLAHOMA STATE UNIVERSITY

._
‘L

HETHOD A, WAGCAYATION OF WHOLE WITE WiTe BALLGOZER METHOD &, EXCAVATION WITH VEERATORT P OW

‘wy% Nk,

L= V.- N 2Ty

'm 0, EXCAYATE WTH CHAN EXCAYVATOR
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BACKROES--Backhoes (Method B) have been ueed where there i a presence of rocks, cobblex, or boulders which
are too large or too hard to be resoved by a chain tremcher. Backhoex have also been used where more than
one pipe is placed in a single trench either stacked vertically (much ag 1 z 2} or multiple pipes placed
borizontally in several layers (2 x 3). NOTE: The nomenclature 1 x 2 defines a pipe system of 1 level or
tayer and 2 pipes. A system of three pipes at 2 levels or layers would be denoted as 2 x 3. The backhoe may
also be ysed to open the gite from the foundation to the ground heat exchanger. The soil removed by a
backboo tends to b¢ lumpy and can leave air pockets around the pipef greatly reducing the heat transfer,

VIBRATORY PLOWS--Vibratory plows are commonly used at depths mot greater than 3 feet. To facilitate rapid
berial, a vibrator or vibratory plow is used to improve the speed of placement and reduce the size of
nachine. Loose or unstable soils are also amenable to this type of pipe placement and they work better than a
chain trencher in glacial till, The shallow depth results in larger seasona) soil temperature swings and

longer lengtha of pipe.

DRILLING MACRIRRS--Drilling is required to imstall vertical loops. Two applicable techniques for horing
holee are: (A) mxd and air rotary drills, and (B) standard augur or hollow-stem avgur drilling. Boring
boles for earth loop inserting and boring holes in order to find and produce water wells are two completely
different tasks. The ground heat exchanger application is much simpler. Since the objective is to install a
specified length of heat exchanger in a vertical configuration, it is mot important to reach a given depth at
a particular site, If 600 feet of bore hole is required, two 300 foot vertical bore boles are acceptable and
may he more cost effective, Soil amd rock conditions will determine drill rates and consequently determine
an economic borehole depth. Since ground temperatures fluctuate near the surface, hole depths greater than
50 feet are normally recommended. However, the 50 foot depth is mot a minimum value, Some general

guidel ines are as follows:

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

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

3. If "many™ holee are drilled, several boreholes may need to be conpected in series before tieing back to
the main header. Too many parallel flow petha can result in low flow and reduced performance of the
ground heat exchanger.

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

5. Extensive bard rock in a drilling service area can eagily justify a down-hole hammer or the use of a rock
quarry drilling contractor with a top-bole hammer,

6. Yertical loops using 3/4 inch or 1 inch pipe and a close U-bend require only a 3 - 4" hole, This smaller
drilling system needs lees mod flow, a smaller and less expensive bit, smaller mud pens, a sealler mud
pump, and results in less wear and tear on the mud purp, In many cases, this will result in lower
drilling costs,

The borehole does not need to be cased for performance reasons. It may need to be cased if the soil is
unstable or a formation presents a problem due to lost circulation during drilling, The borehole must only
remain open long emough to insert the ground heat exchanger, Most of theae¢ problems cah be controlled by
proper mud formulation and use. Drilling rates are faster then water well drilling which generally requires
sampling and casing., Well completion procedures are mot required which greatly reduces time and cost.

In mod or air rotary drilling, the dril} rig rotates the drill pipe and sends either high pressure fluid
(air, wvater, or mx) down the inzide of the drill pipe to lubricate and cool the bit and to bring the
cuttings back to the surface along the outside of the drill string. In rotary mud drilling, removed eoil or
earth is collected in a mod pan to be replaced in the bole or removed from the job site if necessary.
Drilling sud (bentonite or fluid additives) are added to the sud to control its viscosity and to prevent a
number of drillipg problems. If the drill cuttings are of a high density, the drilling fluid viscosity mst
be incresged to carry the cuttings to the surface. The sud wust also be dense enongh to support the borehole
wall if the surrounding soil is unstable or be mimed to form a clay deposit on the wall of the hole if the
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wod tries to lake throogh the wail of the hole into & porous formation. The proper mud mix can also prevent
mwelling, A less dense wud may be required to keep wud from migrating through surromnding porous formations.

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

In hollow-stem avgur drilling, the drill rig rotates a hollow augur with cutting teeth and a temporary point
st the bottom, The drilling operation way be completely 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 augur essentially serves as a caging in tbe hole ag it is drilled. When a hole is
completed, the point at tbe bottom of the sugur is pulled, the ground beat emchanger iz inserted, and then
the hollow auwgur 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 disposables point. Avgur drilling is applicable in a limited
number of different spils and can present some gerious problems in clay or adhesive soils or rock, In moist
goils, augur drilling ie slower than rotary sud or air drilling,

PIPE INSTALLATION COMSIDERATIONS

Congistently successful plastic pipe installations for ground heat exchanger applications are the result of
good planning, the nee of suitable materials and equipeent, and clome attention to tbe correct procedures.

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

2. Length of trench as influenced by the area available, the heating and cooling load. the number of pipes in
the trench, type of s0il, and moisture content of soil,

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

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

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

6. Type of plastic pipe. Use of high quality polyethylene or polybutyleme, FPVC is not acceptable in either
heat transfer charscteristics or strength.

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

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

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

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

4, Where wurky or sandy conditions cause caving, use a pipe guide mounted on the trenching boom to guide the
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5.

pipe down to the bottom of the trench as it is dug.

Teo by ein (2 x 6) boards ingerted 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 previously deg tremch.

The pipe installation phase can be accomplished as this trenching proceeds. Be sure that the following
procedures are followed:

1.

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

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

Joints wust be mechanically strong emough to force the pipe to absorb the stress and strain of the length
expansion and oontraction caugsed by the temperature changes in the circulated water, Pipe ends should be
extra long and not cot for attaching the end fittinge until the rest of the pipe has reached soil
temperature in the trench.

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

If the soil is a heavy clay in very dry climates, it may shrink away from the pipe as it dries when heated
during the summer cooling cycle operation of the heat pusp. Use 2 sand fill around the pipe or a subsoil
drip irrigation line buried a few inchee above the pipe. The sand will crumble to maintain contact with
the pipe. Add water vith a drip line when in-out water temperature indicates reduced heat transfer
throngh the pipe to the soil.

The backfilling ig eritical and its successful completion depends on the following good procedures.

1.

3.

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 clode due to rain, an experienced trencher operator can angle-blade the top of the spoils pile
into the trench on the first pass, A worker shonld follow closely and tasp the fins by hand and make
sure no rocks fall in.

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

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

Mditional considerations are required when closed vertical loops are used in limited aite areas.

1.

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

2., The depth and mumber of hcles for vertical lcope depends on the heating and cooling load, the drilling

cate, the site area, soil and rock types, and woisture level.

3. ERach loop ghould be ageembled, laid out straight, taped to reduce springback friction, and carefully

tested for leaks and flow before the hole ig drilled so that it can be lowered into the hole before it
can cave in or the mud can settle to the bottom of the hole. The hole should be 5 - 10 feet deeper than
the length of the loop to accommodate expansiou of the loop, Fill the loop with water prior to
insertion. If the bole is to be grouted in place, it sbould be filled with water and pressured to 2
level that will prevent the pipe from being crushed by the denser beckfill material.
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Taping short lemgths of scrap steel rebar on the end of the pipe loop will bole the loop end etraight and
of feet buoyancy of the plastic to make insertion easier end faster.

4, Test the loops after they are comnected with 40 PSI air or water.

5. Grouting is an isportant aspect of the installation of a vertical closed-loop gound heat exchanger vhen
used with a ground-source heat pump system. Not only will it provide the proper heat tramsfer between
the ground necessary for tbe most efficient operatiom of the ground-sgurce heat pump system, ut it will
also provide groundwater protection.

6. Emvironmental Reasons For Grounding

A

B.

C.

D.

Prevents leakage downward along the pipe from surface or near surface contamination sources.
Prevents the migration of water between aguifiere.
Seals off formations which are known to he contaminated.

Pregerves the hydraulic characteristics of artesian formations and prevents leakage upvard along the
pipe.

7. Grouting Methods--Several basic principles apply to the grouting operations required for sealing the
amnulus between the pipe and the borehole. They are ag follows:

A

It is of the utmost importance that complete organization in the grouting operation be demonstrated.
A wnccessful grout job requires a sequence of events to occur without mechanical failure or hukan
error. Sodden problems can create the need for operational alternations, For this reason,
flexibility is crucial.

High-golids clay grout slurries must be placed into the amnular space from the bottom to the top and
pot from the top to the bottom. In other words, slurties cannot be poured from the surface into the
annular space. When grout is placed at the bottom of the space to be grouted and appears at the
gurface, it is known that grout is present from the top to the bottom. Methods involving pouring
grout from the surface are not reliable because bridging may occur and depth of grout descent cannot
be verified easily.

Prior to ingertion of the loop into the borehole and the grouting that will follow, the borebole
ghould he cleared of cuttings or any bridging that may have occurred hy estahlishing circulation of
dril)ing wad or fresh water. Circulating drilling fluid may also help reduce loss of grout into
fractures or permeable formations.

Grout pump suction and discharge hoses should he adequately sized to overcome friction losses and
decreaze chances of plugging. The use of a 3 to 4 inch suction line and a 1-1/4 to 2 inch discharge
tine is stsndard practice,

¥hen the grout pusp is also used for grout miring, the discharge hose should be valved iu a manner to
allow changeover from mixing to puwping grout into the amnulus without ghutting down the pump.

A pregeure gange sbould also be instailed on the grout pump discharge and monitored during
operation, This is especially important if the pusp begins laboring or if grout flow suddenly
stops. Alvaye keep the operating pressure below hose and piping pressure ratings.

Suction apd discharge hose connections to the pump sbould be made using quick-connect-style
couplings. This saves Lime when attespting to locate a blockage in one of the hoses.

A vigorous preventive maintenance program for mixing and pumping equipment cosmpressors, boses, and
fittings is essential. This inciudes adequate cleanup of equipment after each grouting job. Failure
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of equipment 1n the field can result in waste of grouting material, lost labor costs, property
dmage, and an unsuccesaful or incosplete grouting job,

I. An ample cupply of fresh water must be on the job site for grout preparation and equipment cleanup.
Only water suitable for drinking should be used for preparing grout slurries. Surface waters and
water containing a high dissolved mineral content shonld not be used since they may adversaly affect
performance of grouting materials.

J. A contractor who has little or no emperience grouting or who purchases new mixing or pumping
equipsent should try out the equipment at his shop before taking it to an actual job site. A
thoroogh knowledge of pump disassembly and reassembly procedures is also belpful,

Por further information on grouting, refer to “Grouting Procedures for Ground-Source Beat Punp Systems”
by Prank Bekhart, published by Ground Source Heat Pump Publications, Oklahoma State University.
Stillwater, OK.

PIGURE 22A
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VI. THE CIRCULATION SYSTEM DESIGN

Bquipment room piping depign is based on years of experience with earth coupled heat pump systems. The
design eliminates mogt causes of systea failure.

Surprisingly, the heat pump itself is rarely the cause. Most problems occur because designere and installers
forget that a closed loop earth coupied heat pump system is NOT like a bousehold plumbing eystenm.

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

pump and equipment room components.

The small circulator keeps the operating costs of the system to a minimum. However, the performance of the
circulator WUST ba closely matched with the pressure or head loss of the entire system in order to provide
the required flow through the heat pusp, Insufficient flow through the heat exchauger is one of the most
common causes of system failure. Proper systee piping design and circuletor selection will eliminate this
problen,

FIGURE 23
Bard supplies a worksheet to CLOSED LOOP EQUIPMENT ROOM PIPING
gimplify head loss calculations DRAXING COMPLIMENTS OF OFLAHOMA STATE UNIVERSITY
and circulator selection. Refer ;
to "Circulating Pusp Horksheet™ G SUPPLY AIR
section,

Two general methods are used to
pipe the vater circuit in the
eqipsent room. The first and | -

eagiest to gse i to iustall a
@ RETURN AIR

pump module. This module comes
complete with connecting hose and
heat pamp adaptere avajlable from
Bard. A second method iz to "site
build” the piping at the
installation.

To wove the transfer fluid
(water or anti-freeze and water 8
solution) throngh the earth loop 2

systems and the water eource heat ||
parp, some type of circulation 2 [©)
systea is required, Design of -
circulation systea mst include 0QQ c @

oW

provisions for the following ~7

{gee Figure 23): 4 4

1. Selection of a circulation
purp or pumps for total system, Watar In Watar Out

2. Providing air hieed off before Earth Loop Esrth Loop
gtart-up running.

3, Providing for flow monitoring.

4. Positive pressure control and NOTE: The expansion apd contraction of earth loop piping will
limiting, cause a 50 to 60 psig water pressure change in system

5. Antifreeze charging capability. hetween summer to winter.
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The components for a circelation system are (eee Pigure 23):

1. Circulating Pump systems are engineered for each individual system to provide the correct water flow
and overcose the friction loss of the system piping. Ipolation fianges or ball valves are used to
insulate pmp from system piping, You need to be able to remove the pusp from piping without losing the
transfer fluid for repairs if ever required

* Determining pressure drop and selecting a circulation pusp or pumps. It is very important in
pelecting the circelating pump thet a very accurate pressure drop calculation be made because final
preegure drop at the selected pump must pump against will to determine the actual flow rate (GFM) that
is delivered to the water source heat pump, the pumping cost and efficiency of the entire system,

2. Ball Valve and Flange

3. DBarb X NIP Brase Adapter

4. DBrass Test Plugs--1n order to start up and troubleshoot a closed loop system properly, water in amd water
out tesperatures at the heat purp sust he monitored. A test plug is installed on one leg of each
comnection line. A probe thersometer can be temporarily inserted, the temperature monitored and the
tbermomater removed, Use one thermometer to monitor these temperatures, Using two different
thersometers to measure the temperature differential can introduce large meagurepent errors. They are
aleo used to measure pressure drop to determine coil flow rate,

5. Bard X Insert Brass Adapter

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

The top drain ghould be the higbest point in the equipment room piping. Thie will help purge air out of the
gystea during final filling at start up.

1. PE or PB pipe to fit transition.

8. One inch reinforced flexible bose

9, 90° street ell (brams)

10. Flow Meter (Bard part Mo, 8603-017)--or equivalent side to monitor water flow is recommended.

HEAT PUMP CONNECTIONS WITHOUT PUMP KIT

The units have various fesale comnections inside on water coil. To keep heed losses small, all piping and
cosponents in the heat pump should be one inch copper or plastic. The transition to one inch pipe sbould be
made at the exterior of the heat punp if 3/4 inch piping is used in small heat pump models.

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

PIPING CONNECTIONS

Up to 12 feet of reinforced flexible hose is uged. Cut hoses to the desired lengthe énd install with as few

bends as poesible, Close bends increase pipe head loss so any bends should he as wide as possible. Use the
claape to secura hoses in position,
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Drawings courtesy of Oklahoma State University.
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FIGURE 25
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PUMPING SPECIFICATIONS
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FIGURE 28
PRESSURE AND TEMPERATURE SENSING ADAPTER AMD COMPONENTS
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FIGURE 29
LAYOUT AND DETAILS OF A TYPICAL CL/GS EEAT FIMP SYSTEM

/
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SINGLE UMNIT INSTALLATION

1} Integral Ball Flange Valve Located
on Pump Mount Allows Flushing of
Earth Heat Exchanger with Blocksd

Fiow thru Heat Pump @-\
2)

Flow Meter or Pressure Ports are HP
Required to Monitor Heat Pump s \
Parformance /,_Lr‘_
3} Reverse Aeturn on Headers - (B)
:: pra b g b bl R L A ek Ry e A s, A
|
EARTH COIL DEPTH o'
(BELOW FROST ZONE} /' SADDLE FITTING [+5)
90° ELBOW
B > < SEPARATE If POSSIBLE ] 7
- w2 HoPe, soR-1 on
HOPE _/ 1 172° PB, CTS, SOR 13.5
BELL REDUCER 3/4° HOPE (&) Circulating Pump
1072 X 3/e SCH 40
oR OR Charging and Flushing Valves
PB-REDUCING ELL I PB, CT5,
1T XT _ SDR 13.5 ©) Flow Sensing Ports
s HEADERS U-8END .
—LOOPS 3 AEQD Note:
\_/ \_J \_/ 1, Design the system so that all air can be

removed by putging.

2. Expansion tank may ba required on large or
rmultiple unit systems.

FIGURE 30
MULTIPLE UNIT INSTALLATION

NOTE:
1) Note Location of Check Valves
for Preventing Short Circuiting
i 2) Integral Ball Flange Valve Located
A on Pump Mount Allows Flushing of

Earth Heat Exchanger with Blocked
Flow —-Through Heat Pump

- HP HP HP
1 2 3
s3E2 ¥ T—
. \
CHECX VALVE
= -
O O CIRC] FS) | YOI A DAL P0G TG W7 K

%
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PRESSURE DROP CALCULATIONS TO SELECT CIRCULATION PUMP

Transfer fluid requirements for closed-loop, earth-coupled heat pump systeme varies with fluid temperature
and heat pump size. To determine the circulation pump size requirement, the system flow rate requirements
(GPM for heat pup used) and tota] system pressure drop in feet of head loss. From these two pieces of

information a circulation pump can be selected from the pump ranufacturer's performance curves.

The fluid (water) flow rate and water coil pressure drop are found in the manufacturer's heat puwp

specifications or Tahle 2 for Bard water source heat pumps. The head loss for different pipe materials and
pizes per 100 feet are found in Table 5 of this section and a quick pump selection table for flow rates that
match Bard water source heat pumps are in Table 4 of this section.

Ramnal ,

Folloving are two examples of how to determine the head loss of earth loops, First esample will be a series

borizonta) system and the second example will be a parallel vertical system.

EXANPLE 1:
A. Series horizontal systenm.

E.

B. Bard WPY36B water source heat pump to be used.

C. Heat puwp water flow requirements is 5 GPM with a

4.6 foot head loss (see Table 3),

D. Rarth loop 1200 feet 1-1/2" SDR 17 polybutylene

pipe.

1. bnotar seter coll hast Jows (Tabie 2):

3. Costisws scroes Teble 2 1o find CGTW flow Trquired for this hest pop. _ § O

4, Comst mch elbow, Lev, reducer, 3ir scoop, [lowweter, elt., w3

{eet of pige
. M U sqpivalm fee] of pipe Lo the actuil feet of pipe mw. e

Lota] lepegth i= waed Lo deterwine the pipjng beat Joes belov.

Fipe Ty B, Blbow, Tems
o) Bipe  Deviee, PGt

Lo Coper 0
-1 1 SN Ry

LI
3
al

a3

Eqoiv, Ft. Actoal Fipe
St bW

0 o

Nane 150

20 feet 1 inch copper pipe connecting earth loop
to vater source heat pump.
F. The circulation pumping system lay out to be
gimilar to Figure 16.

CIRCULATING PUMP WORKSHEET

1, Timd U Bard beat pep axie] weed iv Tabie 2. WODEL WEV3EY

ft, bd

Total Pipa
~lemgth

-5
e

L)

STE the pipm is bamt at a ) foot radios or larger, 10 EXT figure the Zurve an mn elhow,

5. MIFME IED LSS for different types of pipe at CFR flow rate of vatar soorce hat
pavp. ENE: For paralle] earth Joop rystes, {igare for oaly oee Joop,

Pip Trpe  Toisl Tipe
By _lewth

Lloper [ 0
FUrmEa oo

**or 3 persilal sarth Joopm, divide the hart pump GP [}ime ) by mmber of joopm to
dutarnime Clow Fale Ubrowsh asch 1pdivideal Joop Lo seiwct piping hasd Joma.  SISTOTAL | 8.6 £t b,

-

Piping** end
P T

6. Watiply FUNRITAL by mitiplier (sse Tabie $) Lo ebtain TOMK
T LK A STSTER wrimg ovtifreems solvtion.

pu L LT O S .

Y. TP EELKCTION: Tew Teble 4 mel flov reta, (1ime 3}, Select the powp aotpot =

shlch i [nrqer or equet to Lhe TUTAL EEAD LOSY FOR STSTEN (1ime § or 6},

—1
Clrowlating Puap Modal o, Foape

T the TOTAL NEAD LOES calculwted it 1ime 6 ir greater them the pomp ovtpwte listed in Teble 4, (0 to the pesp iy {actarer'y
mriommcy curver phd find the reqmired CPW {)ow for the daat pesp. Peap pirforsmow are 1170d for each pusp sodel ot

differwt flow rales,

faries pump periorseics it £ieply o TOTAL OF THE IMDIVIDOAL PN PERFRNARCYY. If oom pusp con overcomt 10 fwet of bast
Towe, tw com overoom 10 [aet of bead Jors, thees can cwsroom X0 fevl of bead Jowx, ete,

st TDPBO; WOR IO CIRCOGTAKTS KTX DITTERENT TOR $TZXS VIEX TSIV FOCS IX SIRIET, 40+ ms-me

at

See blank form F1125 in the back of this



ranufacturer’s specifications

*0ther models of circulation pumps may be used, Consult the

#25ee manual 2100-212 GPM serieg loop pump modules for complete details

_TABLE 2 WATER COIL PRRSSURE DROP TABLE 3 NINIMUM FLOW IN PIPE FOR TURBULANCE (GPM)*
Cryotech| Noburst |Propylene
WOS30A W36 WOS42A WEY62B Gs4 27X 0 Glycol
¥odel WEY3I0B WPV26B Mode} WPY53B Mowinal Pipe (Water at|Volume | Yolume [23% Yol.
by Feet Head Peet Head GPM | Feet Head Feet Head Size (Pipe ID){40 deg F|25 deg F125 deg F 125 deg F
4 4.6 4.4 6 5.8 5.8 PE (SDR-11)
] 6.9 4.6 7 7.4 8.1 4t (0.86) | 11 1.9 i1 .5
6 10.0 5.5 8 9.2 10.4 1" 1.077 1.3 2.4 39 4.5
7 13.1 6.9 9 12.0 12.9 I-1/4™ (1.385) 1.7 3.0 5.0 5.6
8 17.3 9.0 10 15.0 15.% 1-1/2" (1.554)1 1.9 .5 5.7 6.4
9 21.9 12.7 11 17.8 18,5 ra (1.943)] 2.4 4.3 1.0 8.0
10 21.7 17.5 12 20.8 21.5 PE (SCH 40)
11 M 24.0 13 24.2 24.7 4™ 0.8y 1.0 1.9 3.0 3.4
12 40.6 35.3 14 27.7 28.4 | & (1.049)] 1.3 2.4 3.8 4.3
13 46.8 47.5 1-1/4" (1,380 1.7 3.1 5.0 5.7
1-1/2" (1.610:] 2.0 3.6 5.8 6.6
_TABLE 4 SRLECTION OF CIRCULATION PUMP OR PUMFS 2" (2.067)] 2.5 4.6 7.6 8.5
Pump Grundfos® | No. Water Flow Rate Required im G.P.M. PB(SDR-17.1FS)
Output Pump WodelsjPumpe] 4 6 8 10 12 14 16 1-1/2" (1.676)) 2.1 a.1 6.0 6.9
{Feet UP26-96F 1 26.5 25 25| 2 18 16 14 2" (2.095)1 2.6 4.6 1.6 8.6
of UP26-96F 2 |53 5 | 45 0l ¥» |32 28 PB(SDR-13.5,CTS)
Head) Up26-99F 1 30.5 29 28 27 25 23.5 | 22 " {0,957 1.2 2.1 3.5 4.0
L] IP26-99F 2 61 58 56 54 50 41 44 1-1/4" (1.171)) 1.4 2.6 4.3 i.8
GPMM @ | Loop Pump Models 1-1/27 (1.385)) 1.7 | 5.0 5.7
Top Of | GPM-1%* 285 | 27 %] 23 |2 18.5 r (1.811)] 2. 4.0 6.6 7.4
Colusn | GPM-2%* 51 54 50 | 46 | 42 kY] *For each separate loop.

NOTE: When selecting pipe size for parallel flow, it is
necegsary to maintain turbulent flow in the earth

coil for heat transfer.

ninimum flows for turbulence,

The table above lists the

TABLE 5 PIPING FEET OF HBAD LOSS AT DIFFERENT FLOW RATES PER 100 FERT
G.P.M. FLOW RATE
Pipe Size and Material DI 1 2 3 4 5 6 8 10 12 14
| Connection Hose 1" 1.050 * * * 1,33 {195 | 2,68 [4.43 {653 |899 |11.77
PV /4" - 200 PSI n * * 3.7 5.7 * * * 4
PYC 1" - 200 PSI * * * 1.0 1.9 2.1 4.2 6.3 189 11.8
Copper 3/4" # * * 4.3 6.3 * * & *
Copper 1" * . * 1.5 1.9 2.1 4.5 6.9 9.6 12.8
PE3408 {Polyethylene) DI
1. SDR-11 34 0.860 | 0.31 1.03 } 2,07 | 3.41 | 5.03 & * * * n
2. SER-11 1 1.077 (0,11 |0.36 jO.73 |1.18 1,73 1238 | 3.9 * i *
3. SDR-11 1-1/4 1.358 * 0.12 0.24 0,39 0.58 0.79 1.31 1.93 2.65 .47
4, SDR-11 1-1/2 1.554 * % 0.13 0.21 0.31 0.42 0.69 1.02 1.40 1.83
5. SOR-11 2 1,943 * & * .07 0.11 0.15 0.24 0.35 0.48 .63
6. SCH 40 34 0.824 | 0.28 1.26 2.54 4.18 6.16 8.46 * * * *
T. SCA &0 1 1.049 { 0.12 0.40 0.81 1.33 1.9% 2.69 4.45 * * o
B, SCH 40 1-1/4 1.380 * 0.11 0,22 0.3 0.54 0.74 1.21 1.79 2.46 3.21
g, SCH W 1-1/2 1.610 s * 0.11 (0.18 [0.26 1035 [@¢58 |08 |1.18 | 1.5
10, SCH 40 2 2.067 * * * * 0.08 {0.1] 0,38 | 0,26 | 0.3 | 0.47
PB2110 (Polybutylene) DI
11. SDR-17, IPS 1-172 | 1.676 * * 009 (015 [0.21 {0.,29 |0.48 | 0,71 [0.98 | 1.8
12, SDR-17, IP§ 2 2.095 * & * 005 (0,07 {010 |©0.17 .25 | 0.3 H
13, SDR-13.5, Cts 1 0.957 1 0,19 | 0,62 |1,25 | 2.06 | 3.03 | 4.16 * * *
14, SDR-13.5, Cts  1-1/4 | 1.171 * 0.2¢ {048 | 0.79 | 1.17 | 1.60 | 2,64 * *
15. SDR-13.5, Cts 1-1/2 | 1.385 * 0,11 {0.22 {03 |053 072 |1,1%9 | 1.76 | 2.41 | 3.2
16. SDR-13.5, Cts 2 1.811 * * 0.06 10,10 |]0.15 ]0.20 | 0.33 10,49 |0.68 !0.,8
NOTBS: 1. These head losses are for water at 40 degrees F temperature.
2. Count each elbow, tee, reducer, air scoop, flow meter, etc,, ag 3 feet of equivalent pipe length
and add to actual measured pipe length for total length. '
3. To adjust the total earth loop piping head loss for other antifreezes and water solutions at
25 degrees F, wultiply pressure logs on line 6 for water by:
Propylene Glycol - 1.38, Noburst - 1,33, Cryotech G54 - 1.17
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EXAMPIR 2:
Given:

A
B.
c.

Yertical systeam,
Bard WPYS3A water source heat puap.

=a

Beat pump water flov requirements are 10 GEM with

a 15 foot head loss (see Tables 2 and 3).

Beat pump comnected to circulation pump module and
earth coil with 25 fest of 1 inch I.D. comnection

hoge

Pressure drop through flow meter and comnections
to cofl of vater source beat puwp 1 inch copper. 1.

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

Loops are 3/4 inch SDR-11 polyethylene pipe,
Flow rate through each loop will be 1/3 of total
flow through total earth loop system because
there are three loops and each one will have an
equal share of the total flow rate,

10 GPM + 3 = 3,3 GPM per loop

240 feet of 1-1/2 inch SDR-11 polyethylene pipe
headers.

CIRCULATING PUMP WORKSHEET

1, Pind Us Bard st pusp wde] wredd Gin Table 2. WODRL MPYSIA

1. Iater mter ooi] bed Josa (Table 1):

3. Coatises scrons Tabla 1 to [ied GIN flow remiced [or this heat pamp. 10 GPM

1. Cowt exch olbow, tee, redecer, sir scoop, [lowster, stc,, ae 3 [aet of pipe
Lo the actas} (oot of pipe wad. Tiw

apivalwt. Ml tm emival

Al Jeagth is mad to delernioe the piplme hest josy below,

MHmTpe Mo Dboss, Tes Epiv. Ft.  hctwal Fipn
MiEipe  Dwices, Be' 3 Offie _ laed
Uhowe B x3 M _ B
17 Copper | x3 3 10
L3 B ! x3 __11  _wm
-]l |12 [ X} _ . _ o

L]

Total Fipn
angth

-t
'

. S

UIf the pipe i best st 3 2 ool redies or Jargey, D XOF [igqure the corve se m alhow,

$. EIPTRG EEAD LOSS Vor differewt typew of pipe at GPW flow rale of vater rowrce heat
pwp. ENE: For parsilel eacth 1oop sysles, [lgare for only oee loop.

Fpe Type  Total Pipm Fiping"* Bexd
ml S3e  _leqgth hoss_(Teble 2}
[l - 2w 6.53 - 1.63 ft. m.
“Coper ¢ 52 3w 6.9 - 1.9 It. M
MER-1] MW" ¢ M5 L 1.0 - 1 ft. bd.
n-l -ir i lam 104 - - 1,89 t, W
‘ HIRT ) - It M.
**Por v paralle! eorth loops, dlvide Lie best puwp G Cline 3} by wesber of loom lo
delernise [lov rate Uowgh ench {ndividesl Joop to eelech piping bl jom, SNTOIN, | X0.38 it, M.
6, Maltiply PEFTOTAL by wltipiiar {sew Table 51 to obtein TOTAL
EAD LOSY KR ETSTIN mimy selbifrewts mistion. TOTAL EEND LOSS | 42.0 It. b,
1. P00 STLEETION: Bem Table 4 s flow rate, (1im 37, Selech v pap owtput » - % 2
which 1s lorger or emal Lo tie TOTAL EEAD LOEY FON STETEM )ime S or &), Cicculating Pwap Nodel . Funpe

"I the TOTAL EKAD LOST calcwloted 3a Time & 1o greater tham the pusp owtpwty |ixted in Table 4, go to L pawp wamtaclorer's
potiorssmce curves sed [ind thw requined GO (Jow for the lmat pomp. Pesp perforsssces ace listed for esch pap mde] at

“dtierent Clow vates,

" burien pup perforsesce in wisply » TOTAL OF THN TPDITIOUAL PO PENPONMANCES, [[ ooe pamp < overcome 10 [est of heat
lows, two con overcong 20 feut of el 1oww, thres com overcome X0 feet of besd jom, etc.

ssent PENNEES: AR 10 CHICUMSTARCES WIX DIFFLELNT PUN §1CES 'R GXINC FUNCS |5 SFNIES. o H1Z5-0D



STANDARDIZED PARALLEL SYSTEM HEADER DESIGN

The sdvantages of a standardized parallel header design for ground beat exchanger from one ton of heat pump
capacity snd wp are:

10

All parallel path connections (saddie fusions) are premanufactured and drilled out prior to arrival at
the field site. Therefore, quality control is improved.

2. Only a minisum number of field-fabricated butt joints are required.

3. The header degign minimizes the water flow rate required for air purging.

The degign recommendations are as follows:

1.

The design assumes that one loop will be used for each ton of heat pump capacity and that the nominal
heat pump operating water flow rate will be a 3 GPW/tom,

The maxiwum recomsended bore hole depths or length of horizontal pipe loops are:
A. 250 feet using 3/4 inch SDR-11 polyethylene pipe or 1 inch SDR-13.5 cts polybutylene pipe.
B. 400 feet using 1 inch SDR-11 polyethylene pipe or ome 1/4 inch SDR-13.5 cts polybutylene pipe.

In all cases, the specific fluid used and the recompended lower operating temperature will determine the
pipe diameter and length. FPor bore holes greater than thia depth, larger diameter pipe is required and a
detailed analysis must be made.

One-ton ground heat exchangers will be of the series type. They will be fabricated from either 3/4- or 1
inch SDR-11 polyethylene pipe, or 1 or 1-1/4 inch SDR-13.5 cts poiybutylene pipe.

Two-ton ground heat exchangers are fabricated from 1 inch SCH 40 polyethylene header pipee and 3/4 or ]
inch SDR-11 pipe loopa, or 1-1/4 inch header pipes and 1 inch SDR-13,5 polybutylene pipe.

The bagic design module for ground heat exchangers for three tons and higher is the 3 ton preassembled
mit shown in Figure 31A. The unit is shown butt fused for polyethylene pipe, but can also be socket
fused with appropriate socket fittings using polybutylene pipe.

This unit is premanufactured and preassembled. It comsists of one 1-1/2 x 3/4 inch bell reducer, two 3/4
inch teee, and one 90* elbow. If the loop water pressure drop becomes excessive, the 3/4 inch pipe
pize can be replaced with 1 inch pipe for bore holes greater than 200 feet in depth.

Since 3/4 inch SDR-11 (1.077 inch ID) polyethylene pipe and 1 inch SDR-13,5 cts (0,957 inch ID)
polybutylene pipe have approximately tbe same internal diameter, it is necessary to use the larger sized
polybutylena pipe to have the same fluid pressure drop.

The bell reducer ehown in Figure 31A is used to prevent any trapped air at the end of the header pipe.
By vaing 2 tees and the 90° elbow at the bell reducer end, the fluid flow required for air purging in
the 1-1/2 inch header section is 12.7 GPN.

Heat exchangers up to 7 tons can he constrncted by edding the required number of parallel adapters or
reducing tees (polybutylene pipe) to the basic 3 ton heat exchanger unit (see Figure 31A). Table 2
eummarizes the required components necessary for heat exchangers in the range of 1 to 10 toms.

For heat. exchanger gizes above 7 tons, additional parallel adapters or reducing tees fabricated from 2
inch beader pipe and 3/4 or 1 inch service saddies are added ae shown in Figure 31B, Heat erchangers
from 7 to 10 tons should use 2 inch main header pipe and 1-1/2 inch subbeader pipa.

H“



Above 10 tons, the ground hest exchangers described above ehould be installed in parallel to give the
required capmcity.

Por ground heat exchengers of less than 10 tons, remove the service saddles from left to right as showm
in Figure 31B. For example, a 7 ton heat exchanger would consist of the basic 3 ton module plus the 4
gervice saddles on the 1-1/2 inch header pipe. The spacing between the service gaddles an the 2 and
1-1/2 inch headers is optional. That is, the flushing flow rate or the operating pressure heads are not
affected greatly.

Do not space tha 374 inch tees and 90° elhow. Spacing these components can result in excessive
presgure loss and unequal flow in the loope connected to the 3 ton module.

I it is neceseary to space the tees and elhow, refer to Figure 10A for recommended methods.

Do mot space the 3.4 inch tees and 90* elhow
nore than two feet apart. This can result in
excesgive pressure loss and unequal flow in
the lcops comnected to the 3 ton wodule.

1. The required flushing flow rate for this header desigm and loop system equals:
4.25 GPN x mumber of tons
2. The flushing head required equals:

Header pressure loge + loop pressure loss



FIGURE 31A
THREE-TOR HEADER DESIGN FOR PCLYETHYLENE (BUTT FUSED)
OR POLYBUTYLENE (SOCKET FUSED)

1 1/2-inch x 3/4-inch
BELL REDUCER

90%° ELBOW
reesy 0

| [ 7'1
Y

1 1/2-inch PIPE

FIGURE 31B
TEN-TON HEADER SYSTEM--PE PIPE--BUTT FUSED

TYPICAL

28838 %

OPTIONAL
-LOOP—I

T ke

~LOOP ——
5~LOOP ~———=
————— 6-L.OOP ————
7-LOOP
8-LOOP
9-LOOP
- 10~LOOP

ITEM SIZE AND DESCRIPTION
1_|REDUCER, 1 1/2- OR 1 1/4-INCH X 3- OR 3/4-INCH
2 |TEES, 1= OR 3/4~INCH

3_|PIPE, 1 /2~ OR 1 t/4-INCH

4 |STRAIGHT OUTLET SERVICE SADDLES OUTLETS, $-INCH

OR 3/4-INCH

REDUCER , 2-INCH X 1 1/2-INCH

MPE, 1~ INCH

ELBOW, 1- OR 3/4-INCH ON ANY OUTLETS (OPTIONAL)

~ |
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TABLE 54
[RRD HEAT EXCHANGER COMPOMENTS

Bex Parallel Bell Elbows
Size Maptars Tees Reducers {Optional)
(Tons) | or Tees | (loop Size) | 1-1/2 x 3/4 | 3/4 inch |
1 Series systea recommended, 3/4 or 1 inch pipe
2 Parallel system, 1 inch headers, 3/4 inch loope
A. Two 1 x ¥4 inch bell reducers
B. Two 3/4 inch tees
C. Two 90° elbows
3 - 4 2 2
4 2 4 2 2
5 4 4 2 2
[ [ 4 2 2
"y 8 4 4(2) 2
[:{k}) 10{4) 4 4(2) 2
9 12(4) 4 4(2) 2
10 14(4) 4 4(2) 2

(1) If the supply and return headers exceed 200 feet, a
2 inch header ghould be used,

{2) Uge 2 each 2 inches by 1-1/2 inches;

2 each 1-1/2 inches by 3/4 inch,

(3) Use 2 inch supply and return bheaders up to the
subheaders for all ground heat exchangers fros 7 tons
to 10 tons,

(4) Use 10 each 1-1/2 inch by 3/4 inch parallel adapters.
The remaining parallel adapters or reducing tees will
be 2 inches by 3/4 inch.
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VII. FREEZE PROTECTION

Antifreeze golutions used in earth loop systems must be pon taxic and non corrosive. MNon toxic in case there
ig a leak in the loop system so tbe ground water will mot be contsminated and non corrosive to protect the
setal componenta used ip the circulation pumps and other system components.

CRITERIA FOR ANTIFREEZE
Safe

Yon-tomic

Yon-corronive

Good beat transfer medium
Low cost

Long lasting

Ll

ARTIFRERIR SOLUTIONS--Except in the very most soutbern climates, an antifreeze solution will be required to
prevent freezing in the heat puwp heat eachanger. The choices are as follows:

1. Saltg--Calcimm Chloride and Sodium Chloride

2. Glycols--Ethylene and Propylene

3. Alcohols--Nethyl, Ieopropyl. and Ethyl

4. Potassium Acetate and Carbonate

The selection of an earth coil circulation fluid is baged upon the following:
1. Safety (tomicity and flammability)

2. Freezing point

3. Heat transfer characteristics (primarily tbermal comductivity and viscosity)
4. Frictional pressure drop and pueping requiremente (primarily viscosity)
5, Cost (initial charge, makeup and inhibitor coste)

6. Corrosiveness

7. Physical and chewmical compatibility with all system corponents

8, Availability of product in local market area

9. Base of transporting and storing

10, Codes/gtate and local

ADVANTAGES AND DISADVANTAGES OF EACH CIRCULATION FLUID
1. Water
A. AMdvantages
1. Least expensive and most readily available
2. Llow viscosity and high thermal conductivity
3. Low frictional presesure drops
4, High beat tranefer coefficieute

Digadvantages of using water as an antifreeze solution
1. Water has a relatively high freezing point of 32°F
2. Water expandg upon freezing

2. Salts
A, Sodium Chloride in water advantagea
Loweat brine cost per gallom
Low viscosity and high thermsl conductivity
Low toxicity
Low volatility and are not flammable

i Gl Bed
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Digadvantages of Sodivm Chloride in water
1. Preezing point depression is moderate
2. Yery corrosive and require inhibitors



B. Calcium Chloride in water
1. Greater freexing point depression than eodium chloride
2. Low viscowity and high thermal condmctivity
3. Yery corromive

Por successful operation of salt brine solutions, the following should be observed:

A. A1l air st be purged or removed. Fluid velocities greater than 2 feet per second wust be achieved.
B. Air trape at the end of beaders and manifolds wust be eliminated.

C. Metal components with a high zinc content must be eliminated.

D. Copper-nickel heat exchangers are desirable.

B. Dissimilar petal connections should be avoided.

F. if system ie drained, flush thoroughly at onca.

SALY SOLUTIONS ARE NOT RECOMMENCED, USE MAY YOID FACTORY WARRANTIES.

. Glycole

A. Bthylems Glycml in water
1. Aquecus ethylene glycol solutions are relatively mon-corrosive
2. Relatively low volatilities and present a low flammability hazard

Disadvantages of Ethylens Glycol in water
1, Somevhat toxic
2. HRigh viscoeity at low temperatures

B. Propylene Glycol in water
1. Lower toxicity than ethylene glycol
2. Llow corrosivity
3. Low volatility and low flammability
4, High viscosity at low temperatures

. Mcohola

A. Methyl Alcohol (Methanol) in water
1. Low cost
2. Low corrosivity
3. Low viscosity
4, Good thermal conductivity

Disadvantages of uging Methanol
1. High volatility

2. High flammability

3. High toxicity

B. Bthyl Alcohel in water
1. Less toxic and less {lammable than methano] waters
Highly flesmable and requires careful! handling and storage
More viecous than methyl alcohol solutions
larger frictional pressure drope and lower beat transfer coefficients wben compared to methyl
alcohol aixtures

s L) B
T

Potassive Acetate in water

Safer to use--very low tomicity

Safer for the enviromment--biodegrades naturally

Safer to handle--completely non-flammable

Outstanding performance--superb viacogity at lower temperatures and excellent corrosion properties

o 0w
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The earth coil circulation fluid freezing point is particularly important and determines the solute
concentration in the circulation fluid that is required for freeze protection of the evaporator of the heat
pump. The coldest expected evaporator exit temperature of the earth coil circulation fiuid during heating
operation determines the required freezing point of the circulation fluid. The refrigerant temperature in
the evaporator runs approximately 10°F lower than the exit water temperature, therefore, it is necessary to
provide freexs protection for the minimum operating evaporator refrigerant temperature.

Generally speaking, the salts are safe, non tamic, have good beat transfer characteristics, are low cost,
have long life but are corrosive in the presence of air and most metals. The major drawback of the salts in
their very corrosive nature and their cleanup problems when spilled, One very strong point is that they are
congidered non taxic and environmentally safe. ‘With proper metal cosponent selection and air purging of the
gyatem, they can and have heen used successfully. In northern climates where heat pump loop operating
temperatures go as low as 25°F, calcium chloride, potassium acetate (GS4) and methanol has heeh used.

Glycols are safe, are comsidered toxic, are generally non corrosive, have fair heat transfer characteristic,
are sedium cost and with a finite life. For low temperature operation, the glycols can become viscous
requiring greater pumping povwer and, therefore, reduce the heat pump system efficiency.

Improperly hamdled, alcohols are not safe (burn and explode when mixed with air), are toxic, are relatively
non cortogive, with fair heat transfer characteristics, are medium cost, and have long life. Their major
dravbacks are their emplosive and toxic behavior. Diluting the alcohol solution before taking them om gite
reduces the explosive riek somewhat. Alcohols are non corrosive which makes their use very popular. Their
application bas been in both the northern and southern climates.

CAUTION: Wany anti corrosion inhibitors are tomic and care must be taken to prevent a non toxic antifreeze
golution from becoring toxic after the solution is inhibited.

MBTAL COMPONENTS--The metal components in the system must be compatibie with the cl!qc circulating fluid.
The components that must be carefully selected are:

Circulation pusp and pump flanges

All petal pipimg

Sensing ports

Any mets]l components in contact with the circulating {luid

e G B e

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

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

pipe.

NOTE: When local ground water temperature is below
60°F amd loop is designed for beating load,
Bard recommends degigning for minimm loop
temperature of 15°F leaving heat pump




TABLE 6

Nominal Gallone Per
Pipe Material Pipe Size | 100 of Pipe
SDR-11 374 3.02
SDR-11 1 4713
SDR-11 1-1/4 7.52
SDR-11 1-1/2 9.85
Polyethylene | SDR-11 2 15.40
SCH 40 3/4 2.1
SCH 40 )| 4.49
SCH 40 1-1/4 7.1
SCH 40 1-1/72 10.58
SCH 40 2 17.43
SDR-17 I1PS 1-1/2 11.46
| _SDR-17 1PS 2 17,91
SDR-13.5 CIS 1 i
Polybutylene { SDR-13.5 CTS 1-1/4 5.59
SDR-13.5 CTS 1-1/2 1.83
SDR-13.5 CT8 2 13.38
{opper 1 4.3

Md two gallons for equipment room devices and heat pump.
THE MOST COMMONLY USED ANTIFREEZE MATERIALS
PROPYLENE GLYCOL (NOT A GOOD CHOICE FOR PARALLEL LOOP SYSTEMS)

Propylene glycol solution is lower in tomicity, can offer low corrosivity, low volatility. and low
flammability hazard. Fowever, propylene glycol is more costly and yields more viscous solutions. Propylene
glycol solutions may be considered for use down to about 15°E. Use of propylene glycol golutions below
15°F offers excess viscosity which, in turn, yields emcessively high frictional pressure drops and
enceggively low heat transfer coefficients.

The 15°F temperature is definitely the maxkimum lower limit for closed loop systems. A more reasonable

lower 1imit threshold would be 2 magimum 25% mixture by volume and operating above 30°F. Lower operating
temperatures and/or higher concentrations of propylene 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 tramsfer within the buried pipe system, the calculated Reynolds number should
not fall below 2500 for the coldest erit fluid temperature from the heat pusp.

The quality of the water used to prepare glycol solutions is important. The water should be "soft” and have
a2 l1ow concentration of chloride and sulfate ions, Glycol inhibitor is commonly added by the manufacturer,
Glyeol solutions mormally have a pH of 8.8 to 9.2. Glycol solutions having pH that falls below 7.5 should be
replaced. AMddition of inhibitor camnot restore the solution. Indiscriminate mixing of differently inhibited
solutions should be avoided unless the solutiona are known to be compatible,

Fever uge chromite treatment because it will result in rapid buildup of sludge. Glycol solutions, even
though inhibited, do not have an indefinite service life and should be checked yearly. Spent glycol solution
should be removed from the system and replaced with fresh glycol solution.

Where the ground water at '100 foot depth is less than or equal to 60°F, a 20% by volume solution of

propylene giycol is required. The percentage of antifreeze depends on geographical location. A 25% by
volupe solution of propylene glycol is required for 15°F freeze protection,
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NOTE: There are sany antifreeze heat transfer finids that use propyleme glycol ag the main antifreeze
ingredient. Be sure to uge the manufacturer’s instructions for handling and percent of mixture to
protect the system down to 15°F.

NOBURST (PROPYLENE GLYCOL HEATER TRANSFER FLUID)
Product Description
Noarst is 5 non-toxic antifreeze and heat transfer fluid. The product is to be used in place of water and

other water-like fluids in systems wbere freering may either cause damage or interfere with the functioning
of systems of eguipment and/or toxicity to lumans or animals is a concern, HNoburst is safe for use in

contact or potential contact with potable water,

INGREDIERTS:

Active Ingredient:  Propylene Glycol

Corrosion Inhibitor: Dipotassium Phosphate

Other Ingredidenta: Viscosity reduction agent
Food, Drug, and Cosmetic Grade red dye
Water

COLOR: Reddish/pink

TOXICOLOGICAL, ENVIRONMENTAL, AND AEALTH INFORMATION:
« Gosselin Toamicity Index (Propylene Giycol): 1 "essentially non-toric”™
» Mean Single Lethal {Oral) Doeage: greater than one l_iter

FDA REFERENCE:

» Propylepe Giycol: 21 CFR 182,1666

» Dipotassiom Phosphate: 21 CFR 182.6285

Both quality as “General Recognized as Safe for uee as Direct Food Additives"

FLAMMABILITY:
Moburst is not flameable =ince it has no measurable flashpoint; however, if the product comes in extended
contact with open flame, it is possible it will igmite.

FUMES: Non-hazardous

ENVIROMMENTAL HAZARD:

Low, Moburst ie mot toxic to animals or plants. Spills may generally be disposed of through city sewer:
however, local sewer authorities should be contacted prior to disposal. Large spills, uncontrolled disposal,
and vaterway diecharge should be avoided since Noburst biodegrades rapidly, possibly depleting orygen supply
in bodies of water which can result in fish kill, All uncontrolled spills should be reported to local
authorities,

CAUTTONS: 5

« Noburet will remove ginc from galvanized materials, consequently contact with galvanized materiais should
be minimized. Systems comstructed of alumimm will also experience corrogion with Noburst, particularly
if high tesperatures are expected. All other common wetals are protected from corrosion with Noburst.

+ Noburst should not be nsed with other water treatment chemicalg. The Noble Company cannot test all
mossible combinations of chemicals for cospatibility and proper performance. A well maintained loop system
asing Noburst ghould not require otber treatment chemicals.
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IRSTALLATIOR:

Ho matter what type of system or equipment Moburst is to be used in, several key steps are the same:

1, Clean the system, Minerale, scale, rust, and sediment can all shorten the life of your system, reduce
Wohurst "8 effectiveness, and reduce energy efficiemcy.

Drain the system completely. Flush with clean fresh water, add Roburst Precleaner, 1 pint for every 50
gallons of system capacity, and run system up to operating temperature. Allow Precleaner to circulate
for approrimately 24 hours. Drein and flush with water.

Paradorically, new systemrs are usually dirtier than currently operating systems since during construction
golder, flur, grease, and other foreign materials often get into the piping. Thus, thorough cleaning is
even more important on new systems.

Further, systems that have had another non-water fluid in it, such as ethylene glycol, should be cleaned
particularly well so as to avoid contamination of the Noburst with other fluid. In both cases, allow
precleaner to circulate for 24 hours to 1 week.

Check the system for leaks and repair any that are found. (Moburst may seep by socme mechanical
connectiong vhich are water tight. Inspect and tighten these connections if necessary.)

2. Measure total fluid capacity of the system inciuding piping, headers, pumps and WSHP water coil.

Piping fluid capacity may be estimated using the pipe capacity chart in this manual. Capacity must be
obtajned from the manufactvrer of the specific pieces of equipment in system, Be sure all piping is
accounted for in your estimates,

3. Determine low temperature protection needed and corresponding Noburst concentration to use. Calculate
mmber of gallons of Noburst to add to system. Allow for estimating errors when determining amount of
Noburat to ose.

4. Make sure the system is flushed and full of clean water. See gection “System Start Up" and "Adding
Antifreeze”.

5. Get all the air out of the eystem, Omygen is required for corrosion to occur, so the less orygen
present, the butter the corrosion resistance. Air can also reduce circulation, waste energy, and cause
noise,

Air is entrapped in water and other filuids and only comes out with time, ¢o several ventings or purgings
may be necessary to have a truly airless system.

6. Test the fluid after installation and thorough mizing to insure that the proper amount of Neburst is
present, Use only Noburst Test Strips for the testing.

Recommended Concentrations
Yarious types of fluid systems require varying amounts of Noburet to satisfy their specific requirements.
Here are the minimums:

Ground-Mater and Earth-Coupled Beat Pumps: Generally, antifreeze is used in these types of systems to allow

fluid flow down to +15 to +20°F, Burst protection and other factors are quite secondary. In this case,
uge 30X Roburst.
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Maintenance

Systems with Noburst installed should be tested at least annually for adequate Motmrst concentration and
corrogion inhibitor protection level. If Noburst concentration is low, add Noburst according to this formula:

System Capacity (gals) x {X Noburst desired - X Noburst now have}
+ by: {100 - X Nohurst now have}

Before adding additional Noburst, drain adequate fluid from the system so that when the new Noburst is added,
the operating pressure will not be toco high.

If the corrosion inhibitor test low, add one pint of Moburst Inhibitor Boost per 20 gallons of fluid capacity
of the syetem. If the total system capacity is less than 20 gallons use one pint, If after Inhibitor Boost
addition and thorough system mixing the corrosion inhibitor still tests low, add another pint per 20 gallons
system capacity. If after this addition the inhibitor stil] tests low, the system has been contaminated with
mninerals or an acidic chemical. The systen should be drained, cleaned, and recharged with Moburst.

Technical Support
The Noble Company

Post Office Bam 332

614 Monroe Street

Grand Haven, Michigan 49417
Phone: 616-B42-7844

Fax: 616-B42-1547

METHYL ALCOHOL (METHANOL)--Not Recommended By Bard

Methyl aicohol, soeetimes 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 good thermal conductivity.
Methanol water offers relatively low frictional pressure drops and relatively high heat transfer
coefficients. Methanol, however, offers the disadvantages of high wolatility, high flammability, and higb
toxicity . Pure methamol has a flash point of 54°F to 60°F, while a 30X methanol in vater solution hae a
flagh point of 75°F. These flagh points are poor. A 20X by volume solution will have a freezing point of
15*E.

POTASSIUM ACETATE (GS4™)

GS4 is an environmentally safe heat transfer fluid to replace methancl in gound source heat pusp
installations. It is a proprietary formula of potasgium acetate specifically designed to meelb the
environmental and pecformance needs of the ground source heat pump industry.

GS4 DESCRIPTION:

» G54 is a transparent green ligquid. It is made of potasgium and acetate.

» Acetate is the primary imgredient in vinegar.

+ Acetate ig the most abundant organic acid metabolite found in nature. Acetate is formed in soils by
decopposition of plant matter (e.g., leaves will decompose to acetate),

= Potassium is found in many foods and is a necessary human nutrient.

= Potassium acetate is used as a diuretic drug.

G54 Heat Transfer Fluid shomld not be taken internally, Contact with human Cissue should be avoided,
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Environmental Impacts

GS4 LOW TOXICITY:
Toxicity tests show that G54 is congidered practically non-teric. [t is less toric to mammals than table
galt. In the unlikely event that GS4 gets into a drinking water, the threat to human health is very small.

ACETATE READILY BIODEGRADES:

Acetate biodegrades in the goil, in the ground water, and in surface water (ie., lakes and streams).
Bacteria found in water and soil comvert the acetate to naturally cccurring products: carbon dioride, water,
and bicarbonate,

The biodegradation process takes anywhere from a few days to a few weeks depending on conditions.

POTASSIIM WILL QUICKLY DILUIE:
Potaszium is very soluble in water. This property allows it to diffuse into the ground water and become
dilute.

POTASSIM IS USED TO FEED PLANTS:

» Some of the potassium will be taken up by plants. The "unused” potassium will attach itself to the goil.

« (0S4 ig considered relatively harmless to daphnia and rainbow trout under genmerally recognized criteria
for acute aquatic toricity. GS4 will quickly become dilute, minimizing the risk of fish kill.

« 0S4 will not promote algae growth.

Corrosion Properties

Beat Transfer Fluid is specially formulated with corrosion inhibitors to provide protection for cast iron,
carbon steel, aluminum and copper. as well as provide compatibility with a wide variety of plastics and
clagtomers. Do not use at less than 257 by weight mirtures!! '

Handling, Storage, and Disposal

Storage of GS4 heat tramsfer fluid does not present any unusual problems. The liquid is low in toxicity, is
not flammable and remains fluid under all normal conditions. Thiz material may be stored and handled in its
original containers or in equipment made of polyethylene, stainless steel, mild steel, lacquer lined steel or
glass.

This material iz 1007 water soluble. Spills may be cieaned up with water. GS4 is not expected to present
any environmental problems. Diluted spent fluids that are not otherwise contaminated may be disposed of in
local sewage treatment facilities unless state or local regulations prohibit such disposal. In the eyent of
disposal of a large amount. treatment facilities should be advised and prepared for such disposal in advance.

Adjustments of Fluid Composition

The degree of freezing point protection depends on the concentration of GS4 in water. Distilled or deionized
water should be used for dilution to the desired concentration. The concentration may be determined by
specific gravity., As long as the fluid remzins clear and uncontaminated, sdditional GS4 may be added as
required to adjust the concentration to the desired freezing point. The following chart way be used to
determine the freezing point of a well mixed fluid. Drain enough fluid from the system to provide space for
adding fresh GS4 to the system. MNix well and recheck the density of the fluid in the system to assure a
correct composition.

Rquipment: Specific Gravity Rydrometer, 0,002 subdivisions. Thermometer not required.

55



TECHNICAL SUPPORT
Vanquard Plastice, Inc.
831 N. Yanguard St.
McPheraon, XS 67460
Phome: 800-775-5039 or

FREEZING POINT (Degrees F)

316-214-6369

FIGURE 32
FREBZING POINT CURVE--BY YOLUME

0 G54 tm
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VIII. SYSTEM START UP

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

FLUSH THE SYSTEM PIPIRG--DO NOT connect the water lines from the earth coupled loop to the unit before the
water lines have been flughed. Flushing will remove any debris apd air that may be trapped in the piping.
If vater ie circulated through the unit without first flushing the water loop piping, the beat punp unit may
he demeged. Therefore, follow this procedure carefully before connecting to the umit,

When an earth coupled system, connect the piping to flushing rig (Figure 33) that can be easily constructed
from a 55 gallon drum, 1 hp vater punp, and soee relatively inexpensive piping. Fill the earth coupling as
much ag poegible then hook one side of the earth coupling to the pump and return the other side of the earth
coupling to the top of the barrel. Fill the barrel and turn on the pump. The barrel muet be kept at least
Malf full of water to avoid sucking air into the eystem.

When the proper flushing comnections have been made, check to be sure all accessible fittings are secure and
tight and any valves in the line are open. Start the puep and let the water circulate for at least 20 - 30
wimites, This will allov enough time for any entrained air or debris to be purged from the eystem. With an
earth coupled syetem, check for possible leaks in the loop by establishing 50 PSIG water pressure in the line
and checking the gange after 15 minutes. If there are no leaks in the line, the pressure will not drop. If
the pressure in the line falls by more than 5 PSICG, it may be necessary to dig holes at the coupling
locaticne to check for looge or failed couplings. With all ground water eystems, check carefully for any
visible migne of water leakage before digging or boring down to any coupling locations, If visible leakage
is found, correct the probler and retest the system, If no visible signe of leakage exist and the piping
gystem is loging more than 5 PSIG in 15 minutes, then proceed to locate the source of the leakage. Remember,
for proper system operation, thére csn be no leakage in the water loop,

*

PLOW RATE (GPN) REQUIRED FOR DEBRIS
FLUSHING AND AIR PURGING 10 GIVE AN
_TABLE 7 AVERMGE VELOCITY OF 2 FPS IN PIPE

Nominal Pipe Pipe ID | Flov Rate
Size {Inches) {Inches) (GEM)
Polyethylene, SCH40
1 3/4 0.860 4.3
2 1 1.017 5.7
k| 1-1/4 1.358 9.0
4 1-1/2 1.554 11.8
5 2 1,943 18.4
Folyethylene, SDR-11
6 4, 0.824 33
T 501 1.049 5.4
8 1-1/4 1.380 9.3
9 1-1/2 1.610 12,7
10. 2 2.067 20.9
Polybutylene, SDR-17, IPFS
11 1-1/2 1,676 13.8
12 2 2,09 21.5
Polybutylene, SDR-13.5, CI§
i3 1 0.957 4.5
14 1-1/4 .11 6.7
15 1-1/2 1.385 9.4
16 2 1.811 16,1
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BOILER DRAINS--Boiler draing are located on both sides of the circulator for fimal filling, air purging and
antifreere addition, '

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

FLOM RATS ADJUSTMERT--When the earth loop has been completely flushed and leak tested, remove the flexible
connection from the pipe endz and hook up the supply and return lines to the appropriate connections on the
water pource heat pump, turn on the circulator pump, and let the water circulate through the system for 5
minutes. DO NOT allow the heat pump to operate yet. The proper sequence is to allow water to circulate,
adjust the flow rate, then operate the heat pump.

FIGURE 33
PORTABLE RIG POR FLUSHING EARTH COUPLED SYSTEMS
EARTH COIL START-UP
FLEXIBLE LINES

RESERVOIR & AR PURGE
7 ® FLUSHING
yal ® PRESSURE DROP
2w ® ANTI-FREEZE
e FILTERING
-—l./ p
]

PRESSURE
- - GAGE

(A T O S Ty r s sy

EARTH
i coiL
— —
If the circulator does not operate imeediately, turn off the electrical power to the heat pump, close the
isolation flanges, remove the indicator plug, imsert a small blade screwdriver into the motor shaft, and turn
gently until the shaft moves freely. Replace the indicator plug, open the isolation flanges, vait a few

minutes, then restart the pusp.

1 HP PUMP

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

ADDING ANTIFREEZE
Two short pieces of hose, a bucket and a gmall submersible pump or flush cart are needed to add the
antifresze.

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

Attach hoses to the boiler drains. Run the uppermost hose to drain. Connect the other hose to the
submersible pump in the bucket. Put full strength sntifreeze into the bucket and pump in the amount needed
to give the required percentage by voluwe. When the required asount has been pumped in, pressurize the
system to 30 psig then turn off the pump, close the boiler drains, and discounect the hoses and open the
igsolation flange or gate valve,



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

Thig article was firat published in THE SOURCE, a neweletter from the Oklahoma State University International
Ground Source Heat Pump Association.

When the topic of ground-gource system troubleshooting is broached, certain problems seem more common than
others. One gituation iz a system which has mot been thoroughly purged of air. Another typical scemario is
a vertical system with too wany bore holes.

Failure to purge a system of air can lead to various probless. Air in a system can corrode the metallic
cosponentg in the circelating system, causing their eventual failure, Under certain circunetances, excessive
air in the system may block water flow in some branches of a parallel ground heat exchanger.

For example, air trapped at the top of one of geveral vertical ground heat exchanger ioope may cause an air
column that will prevent flow through the lcop. This, in turn, results in ipadequate heat transfer in the
ground heat exchanger system,

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

Check Bore Holes

Too many bore holes can also cause complications because the water or antifreeze solution ie not flowing
properly through the loops, resulting in insufficient turbulence for heat transfer. One synptom of this
particular problem is cold-loop water in the winter, which results in reduced heating capacity. There may be
mo evidence, however, of this problem during summer, vhen the water in the ground heat exchanger is warm,

The formula for calculating the makimum number of bore holes is the heat pupp manufacturer s recommended flow
rate divided by the sinieum required flow in the pipe for turbulemce.

Wanufacturer s

recormended =  Magimom
flow rate nurber of
Minimum flow in bore holes

pipe for turbulence

For example, assume the heet pump manufacturer’s recommended flow rate was 18 gpm and the minimum flow for
the selected pipe and fluid for turbulence was 3.5 gpm, then:

18 GPN
35 BMWIioop = 514

When the divigion yields an uneven number, always round down. Rounding down 5.14 gives 5, the maximun number
of bore holes the system can have and maintain adequate fluid turbulence for good heat transfer. By properly
calculating the maximm mumber of bore holes in thie way, future system problees can be alleviated,

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

When such probiess occur, make sure all air is purged from the system. Also check the antifreeze levels.
Finally. an additional circulating pump may be necessary to ensure the minimum flow rate exists in all
loops. (4

{4) Mir Conditioning, Heating & Refrigeration Kews. October 1, 1990,
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RULE OF THUMB

When using 20X propylene giycol antifreeze
solution, the miniwum water flow rate for the
selected heat pump vill need to be increased 40%
to have the same heat transfer.

Ruswple: A 4 GPM flow would need to be increased
to 5.6 GPM for approximately the same
heat transfer properties.

RULE OF THOMB

To adjust the total earth loop piping head lose for
other antifreezes and water solutions at 25 deg. F,
sultiply pressure loss on line 6 for water by:

Fluid Multiplier
23% Propylene Glycol 1,38
30% Roburst 1.3
20T Methanol Alcohol 1.25
27X Potaseium Acetate (GS4) 1.17

Assured fluid properties for Table 3 at 25°F flow

temperature*,
X Viecosity Density
Solution Yolume {Centipoige) {Lb./Ft.3)
Water 100 1.55 62.4
Propylene Glycol 23 5.2 63.9
Roburet X .17 64,2
G54 27 31 68.3
spater at 40°F

IX. OTHER ITEMS TO BE FOLLOWED

A. Follow the Instailation Instructions for the watet source heat pump model being used to check the
operation of the refrigeration cycle and specifics in installation in structure. The equipment manual
vill alpo show the electrical hookup and air flow requirements.

B. Follow the Air Conditioning Contractors of America "Mznual D" for proper duct 'desiqn for the air side of

the systea.




X. CLOSED LOOP SYSTEMS SUSPENDED IN PONDS AND LAKES

The pond or lake should be a miniwum of 1/2 acre in size with a volume of water equal to twice the size of
the house being heated minimm depth of 7 feet for plastic lake exchanger. A larger pond ¥ill be required in
colder climates. The rome where the emchanger is placed ghould remain above 38° in winter.

CAUTION: The performance of this type of system sometimes ig hard to predict due to water stratification and
gther factors. Be very cautijous about using this type of system. Main, make sure the ground
vater heat pusp is designed to operate at lower water temperatures,

LAKE EXCHANGER CONSTRUCTION--PLASTIC

Use 3/4 inch or larger polyethylene or polybutyleme piping approved for earth loop installation, 350 feet of
tubing length will be required for each ton of heat pump capacity. The piping may be laid out for series
flov {or parallel} as shown (See Figure 35),

With an increasing number of pond loops being tnstalled, it has been reported that there are several pond
loope going in with 500 - 600 ft. coils. It is reconrended that pond loops (either Polybutylene or
Polyethylene} use 300 - 350 ft. coils due to the heat transfer in a pond application. The larger coils
siwply do not have as much surface area expoged (i.e. the extra 700 - 300 ft. of pipe in the center of the
coil), thue heat transfer by natural convection is impaired. For instance, Figure 35 shows a typical 3 ton
pond loop--3 coils of 350 ft.

CALCULATING HEAD LOSS

To determine head losses for sizing pipe, circulation pump, and antifreeze quantities, follow procedures
under gection entitled, "The circulation System Design®.

PLACEMENT

The plastic lake exchanger will float., The lake exchanger will need to be weighted so it will sink to the
hottom of the lake or pond. The loop is not designed to settle into the goil in the bottom of the pond.

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

Follow the "Horizontal Earth Coil Installation” instructions for the service lines to the lake exchanger,
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ANTIFREEZE
The aquivalent of 27X 054 is reguired.

FIGURE 34
VERTICAL SYSTEM
BOND LOOP SYSTEM
2 s§‘?* Mo
> ".‘:}‘-. o
“‘:?\%:'\ S ?. : 5
R o B
N g

FIGURE 35
PLASTIC CLGSED LOOP LAKE EXCHANGER

350, colls End view of pipe coil

Cable tie can be bound
e ighuly for stability

7 ft. Hinimm

Paralldl Raverss-Raturn Fond Loop

Figure A-A shovs a new idea for increasing flow through the coils simply using pieces of pipe between the
layers. This drawing is a cut-away view, looking at a dissected coil. MNote that the cable tie can now be
tightened to make the coils more manageable, while the scrap pipe stiil allows flow through the coil.
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5.

Enter water coil head lose (Table 2): ft, bd,
Continue across Table 2 to find GPM flow required for this heat pump. ) |
Count each elbow, tee, reducer, air scoop, flowmeter, etc,, as 3 feet of pipe
equivalent . Add the equivalent feet of pipe to the actual feet of pipe used . The
total length is used to determine the piping heat loss below.
Pipe Type Ro. Elbowe, Tees Equiv. Ft. Actual Pipe Total Pipe
and Size Devices, Bic ¥ R3 Of Pipe Used Length
x3
Kl
X3
3
%3
*[f the pipe is bent at a 2 foot radius or larger, DO NOT figure the curve as an elbow,
PIPING EEAD LOSS for different types of pipe at GPM flow rate of water source heat
pusp, WOTB: Por parallel earth loop system, figure for only one loop.
Pipe Type Total Pipe Piping** Head
and Size Length loss (Table 3
{ - 1000 - ft, hd.
{ - 100} - ft. hd.
{ - 10m - ft. hd,
{ - 100 ~ ft. hd.
{ - 100} = ft, hd.
#*For a perallel earth loops, divide the heat pump GPM (line 3) by number of loaps to
deternine flow rate through each individual loop to select piping head loss. SUBTOTAL ft. M.
Multiply SUBTOTAL by multiplier {(see Table 5} to obtain TOTAL
HRAD LOSS FOR SYSTEM using antifreeze solutionm. TOTAL HEAD LOSS ft, .
PIMP SELECTION: Use Table 4 and flow rate, (line 3}, Select the pump output
which is larger or equal to the TOTAL EEAD LOSS FOR SYSTEM (line 5 or 5). Circulating Purp Model  No. Puspe

1f the TOTAL HEAD 10SS calculated in line 6 ie greater than the pusp outputs 1isted in Table 4, go to the puep

CIRCULATING PUMP WORKSHEET

Find the Bard heat pusp mode! used in Table 2. MWODEL

panufacturer’s performance curves and find the required GPM flow for the heat purp. Punp performances are listed for each
purp mode] at different flow rates.

Serjes pump performance ig simply a TOTAL OF THE INDIVIDUAL PUNP PERFORMANCES. If one pump can overcome 10 feet of heat
Joss, two can overcome 20 feet of bead loss, three can overcome 30 feet of head loss, etc.

<~rn.1ORR W CTRCUMSTANCES WIX DIFFERENT PUMP SIZES WHEN USING PUMPS IN SERIES, #tt++

F1125-1%4




TABLE 2 WATER COIL PRESSURE DROP TABLE 3 NINIMUM FLOW IN PIPR FOR TURBULANCE (GEM)*
Cryotech| Moburst |Propylene
HIS0A WOS36A WOS42A WEV62B GS4 27% k¥ § Glycol
Mode] WPY0B WNPY368 Model WEV538 Nominal Pipe [Water at|Volume | Volume 23X Yol.
GPM Feet Head Feet Head OFM | Feet Head Feet Head Size (Pipe 1D)|40 deg F|25 deg F|25 deg F |25 deg F
i 4.6 4.4 6 5.8 5.8 PE (SDR-11)
5 6.9 4.6 1 7.4 8.1 s 088 ] 1.1 1.9 il 3.5
6 10.0 5.5 8 9.2 10.4 1" (1.071y| 1.3 2.4 1.9 4.5
7 13.1 6.9 9 12,0 12.9 1-1/4" (1.38%) 1.7 3.0 5.0 5.6
8 17.3 9.0 10 15.0 15.% 1-1/2" (1.558)] 1.9 a5 5.7 6.4
g 21.9 12,7 11 17.8 18.5 2" {1.943)] 2.4 4.3 1.0 8.0
10 1.1 17.5 12 20.8 21.5 PE (SCH 40}
11 M.1 24.0 13 242 24.7 3rer (0.828)) 1,0 1.4 3.0 34
12 40.6 k.3 14 21.7 28.4 1" (1.04%] 1.3 2.4 .8 43
13 46.8 41.5 1-1/4" 1.380)] 1.7 K| 5.0 5.7
1-1/27 {1.6100} 2.0 kK] 5.8 6.6
TABLE 4 SELECTION OF CIRCULATION PUMP OR PIMPS 2" (2,060] 2.5 4.6 1.6 8.5
Purp Grundfos* | No. Water Flow Rate Required in G.P.M. PB(SDR-17,1PS)
Dutput |Pump Models|Pumpe]| 4 6 8 107 12 14 16 1-1/2" (1.676) 2.1 31 6.0 6.9
{Peat | UP26-96F 1 {265 256 |225(20( 18 |16 14 2" (2,095)] 2.6 4.6 1.6 8.6
of 1P26-96F 2 1% 5o | 45 0] 336 1R 28 PR(SDR-13.5,CTS)
Read) | UP26-99F 1 0S5t 29 |28 27| 25 | 235 22 1" (0.957)| 1.2 2.1 3.5 4.0
[ IP26-99F 2 |61 58 | 56 541 50 | 47 44 1-1/4" 1,171 1.4 2.6 4.3 48
GPM @ | Loop Pump Models 1-1/2" (1.385)} 1.7 3.l 5.0 5.7
Top Of | GPM-1** 285 | 27 251 23 |21 18.5 2" (1.811)] 2. 4.0 6.6 1.4
Column | GPM-2** 57 e | 50 | 46 | 42 3 *For each separate loop.
*Other nodels of circulation pumps may be used. Consult the NOTE: When selecting pipe size for parallel flow, it is
nanufacturer ‘s specifications necessary to naintain turbulent flow in the earth
#4Spe panual 2100-212 GPM geries loop pump modules for complete details coil for heat transfer. The table above lists the

ninimum flows for turbulence.

TABLE 5 PIPING FEET OF NEAD LOSS AT DIFFERENT FLOW RATES PER 100 FEET
G.P.M. FLOW RATE
Pipe Size and Material D1 1 2 3 4 5 6 8 10 12 14
Connection Hose 1" 1.050 * * * 1.33 [1.95 [2.68 1443 [653 {899 |11.T7
PYC 3/4™ - 200 PSI * & & 3.7 5.1 o * * * ld
PYC 1" - 200 PSI * * * 1.0 1.9 2.7 §.2 6.3 8.3 11.8
Copper 3/4" * * * 143 |63 * * * * *
Copper 17 * * * 1.5 1.9 2.1 4.5 6.9 9.6 12.8
PEMO08 {Polyethylene) DI
1. SDR-11 k2 0.860 | 0.31 | 1.03 | 2.07 |3.4 {503 * * X * *
2. SDR-11 1 1017011 (03 Jom [1.18 |1.73 {2.38 392 * * *
3, SDR-11 1-1/4 1.358 * 012 |0.2¢ (039 |05 |0.79 [1.31 |1.93 |2.656 | 3.47
4. SDR-11 1-1/2 1.554 % & 0.13 j0.21 |0.31 |0.42 |0.69 {102 |1.40 1.8
5. SDR-11 2 1.943 * # # 0.07 o011 o015 |0.24 |0.35 [0.48 | 0.63
6, SCR &0 V4 0.824 | 0.28 1.26 2.54 418 6.16 4.46 & * & *
7. SCH 40 1 1.049 f 0.12 | 0.40 | 0,88 | 1.33 [1.96 | 2.69 [ 4.45 & * *
a, ol 40 1-1/4 1.380 & 011 022 {036 {054 [074 [1.21 |1.79 [2.46 |3.21
9, 5CH 40 1-172 1.610 * & 0.11 0.18 0.26 0,35 0.58 0.85 1.1a 1.55
10. SCE 40 2 2.067 * * * * 0,08 1011 | 0.8 |0.26 | 0.3 47
FB2110 (Polybutylene) 1]
11. SDR-17, IPS 1-1/2 | 1.676 * * 009 [0.15 |o0.21 [0.29 [048 |01 |09 ]1.28
12. EDR-17, IPS 2 2.095 & * * 0.05 | 0.07 0.0 [ 0.17 [0.25 | 0,34 | 0.44
13. SOR-13.5. Cte 1 0.957 | 0.19 | 0,62 | 1.25 | 2.06 | 3.03 | 4.16 % * * *
14, SDR-13.,5, Cts 1-1/4 | 1.17 * 024 | 0.48 | 0.79 [ 1,17 [1.60 [ 2.64 * * *
15, S5DE-13.%, Cts 1-1/2 ] 1.385 & 0.11 |0.22 |0.36 |05 |0.72 [1.19 |1.76 |2.41 |3.2
16. SDR-13.5, Cts 2 1.811 & & 0.06 10,10 ]0.15 {0.20 |0.33 |0.43 [0.68 | 0.88
NOTES: 1. These head losses are for water at 40 degrees F temperature.

2

3

tount each elbov. tee, reducer, air scoop, flow meter, etc,, as 3 feet of equivalent pipe length

and add to actual measured pipe length for total length.

To adjust the total earth loop piping head loss for other antifreezes and water sclutions at
25 degrees F, multiply pressure loss on line 6 for water by:
Propylene Glycol - 1.38, Noburst - 1.33, Cryotech GS4 - 1.17




EARTH COUPLED LOOP DESIGN

1) Return Design To: Date:
Street: Attn:
City and State: ' Zip:
Telephone No.: Fax HNo.:
Dealer/Job Name: Location:
City State
2) Building or *Zone Design Load: COOLING btu/h HEATING btu/h

*NOTE: Buildings too large for one heat pump, complete worksheet for each zone.

3) Size Heat Pump to satisfy: f{ 3} Cooling Load { 1 Heating Load**
**NOTE: Recommend sizing for the greater of 60 to 90X of heating load or cooling load

4) Geographic Location of Job (NEAREST):
SEE TABLE 10 ON BACK OF SHEET City State

5) Local Ground Well Water Temperature: °F
6) Provide COST OF OPERATION ESTIMATES: { } No { } Yes Local cost per KW §
7) Type of Bard Heat Pump to be used: { } Packaged { } Sptit w/{ } Blower Coil

Mode] w/{ } A-Coil
8) Type of Pipe to be Used: # Nominal Size: SEE TABLE 9 ON
If system requires larger or smaller pipe, 2nd choice: # BACK OF SHEET
9) ( ) HORIZONTAL SYSTEM (Trenches): Thermal Cond. Thermal Diff.
Type of Soil at Trench Depth (BTU/ ft-hr-F) (ft-2/day)
{ 3} Sand or Gravel fLight soi) damp} .44 .42
f } Loam {Heavy soil dry} .52 .46
{f } Clay {Heavy soil damp} .64 .50
f } Silt, Sat. Clay or Silt{Heavy soil damp} .96 .61
f 1} Saturated Sand {Heavy soil saturated} 1.44 86
Horizontal Pipe Confirguration in Trench: SEE BACK OF SHEET
{ 1} One pipe § } 2 pipes: stacked {f 1} 2 pipes: side/by/side
{ 1} Other [ } 4 pipes: stacked {f 1 4 pipes: stacked pairs
f } 3 pipes: side/by/side {f } 6 pipes: stacked in 2 layers
{( ) VERTICAL SYSTEM (Bore Holes): Thermal Cond. Thermal Diff,
Type of Soil (BTU/ ft-hr-F) (ft-2/day)
{ 1} Saturated Silt or Clay {Damp heavy soil} .96 .61
f 1} Avg Rock, Sat_Sand or Clay {Heavy soil sat or avq rock} 1.44 .86
Vertical System Configuration With Bore Holes:
{f } One U-bend (2 pipes) f 1} 2 U-bends (4 pipes)
10) Fluid Flow { } SERIES: typically 1-1/4" to 2" pipe used
Thru Loop System: { } PARALLEL: typically 3/4" to 1" pipe used
Total header length ft. dia. in,
11) Anti-Freeze f } 654Tn (Potassium Acetate) { ] NONE
Solution: { } NOBLE NOBURST (Propelene Glycol) { 3} PROPELENE GLYCOL

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

Heating & Cooling Prodacts
If you have any questions, see manual 2100-099. (INFO ON BACK) F1115-194



TABLE 9 RECOMMENDED EARTHLOOP PIPES

Paze H?terial Nominal _
Description Size ONE PIPE
1 SDR-11 378 17 SAexen | SibEavaiDe
2 SDR-11 1 o] ‘ i
3 SDR-11 1-1/74 :
4 SDR-11 1-1/2 TWO PIPE/ 1K coo
PE 5 SDR-11 2 MULTIPLE STACKED il
6 SCH 40 3/4 e Lo '
7 s Lye | oo Tl DRI O
9 SCH 40 1-1/72 T twomry bgoo]  Ltoeo
10 SCH 40 2 SIDE-OY-SIDE o o0
11 SDR-17, P8 1172 U Dl denl
12 SOR-17, IPS 2 00
PB | 13 SDR-13.5, Cts | 1 | PPy
14 SDR-13.5, Cts 1-1/4
15 SOR-13.5, Cts 1-172 NOTE: PE are polyethylene pipes
16 SDR-13.5, Cts 2 PB are polybutylene pipes
TABLE 10
GEOGRAPHICAL LOCATIONS OF INPUT DATA (WT = Well Temperature)
" wT wI wT w1
AL Birmingham 65 | KS Dodge City 57 | NV Ely 47 | SC Charleston 66
Montgomery 67 Topeka 56 Las Vegas 69 Greenviltle 62
Winnemucca 52 Sumpter 65
Al Phoenix 73 | KY Louisville 60
Tucson 70 NJ Trenton 55 | SD Huron 47
LA Lake Charles 70 Rapid City 50
AR Little Rock 64 New Orleans 70 | NM Albuquerque 59
Shreveport 66 Roswell 63 | TN Bristol 59
CA Los Angeles 64 Knoxville 61
Merced 68 | ME Portland 48 | NY Albany 50 Memphis 63
San Diego 64 Binghamton 48 Nashville 60
MA Plymouth 51 Niagara Falls 50
CO Colorado Springs 51 Syracuse 50 | TX El1 Paso 66
Denver 52 | MI Battle Creek 50 Ft. Worth 68
Grand Junction 55 Detroit 50 | NC New Bern 65 Houston 71
Sau St. Marie 42 Greensboro 60 San Antonio 72
DC Washington 57
MN Duluth 41 | ND Bismarck 44 | UT Salt Lake City 53
FL Appalachicola 70 Int. Falls 39 Grand Forks 42
Jacksonville 71 Minneapolis 47 Williston 45 | VT Burlington 46
GA Atlanta 62 | MS Biloxi 70 | OH Akron 52 | VA Norfotlk 61
Aygusta 65 Columbus 65 Columbus 55 Richmond 60
Macon 67 Jackson 67 Dayton 56 Ronoke 59
Toledo 51
ID Boise ~ 53 | MO Columbia 57 WA Moses Lake 53
Idaho Falls 46 Kansas City 58 | OK Altus 65 Seattle 53
Springfield 658 Oklahoma City 62 Spokane 49
IL Chicago 51 Tulsa 62
East St. louis 57 | MT Billings 49 WV Charleston 58
Urbana 53 Great Falls 48 | OR Astoria 53 Etkins 52
Missoula 46 Medford 55
IN Fort Wayne 53 Portland 54 | WI Green Bay 46
Indianapolis 55 | NE Grand Island 52 Madison 49
South Bend 52 Lincoln 53 | PA Middletown 55
North Platte 65l Philadelphia 55 | WY Casper 49
IA Des Moines 52 Pittsburg 52 Cheyene 48
Sioux 51 Wilkes-Barre 52 Lander 46
Sheridan 43




IGSHPA GS-System Videotapes

GS-Systems:

“ An Introduction

This is an excellent marketing video largeted at
the general consumer. (GS-Systems: An In-
troduction contains an informative narrative,
colorful graphics and convincing testimonials
from salisfied homeowners. This video sup-
plies abroad education of the basics behind the
ground source system technology. Italsotiesin
perfecily with GS-Systems - An Introduction
brochure. This video is certainly a must for
explaining the many GS-System benefits to

Inside GS-Systems

GS-Systems are simple. And this insightful
video proves just how simple GS-Sysiem
operation is. Inside GS-Systems reveals the
inner workings of a ground source sysiem
piece by piece. This program also explains
the remarkably simple principle on which
these systems work. Such a video is ideal for
installers, contractors, dealers or anyone in-
volved with GS-System installation or market-
ing. Inside GS-.Systems would also be
appropriate for the homeowner wanting more
than a general knowledge of these efficient

Soil Identification for
GS-System Installation

Soil identification is a very important step of
any GS-System installation. Scil type can
affect thermal conductivity and pipe length of a
ground heat exchanger, This video points out
many tips and details several simple tests for
soil identification. This program complimenis
the field manual, Soil and Rock Classification
for the Design of Ground-Coupled Heat
Pump Systems. Thesa two leaching aids com-
bined provide all of the information necessary

polential customers. systems, to determine soil type at a GS-System installa-
Cat. # 03016 Price $50.00 i Cat. # 03017 Price $50.00 | Lion site,

Cat. # 03019 Price $50.00
Rock Identification for | GS-Systems: Flushing, | Examplesof GS-Systems

GS-System Installation

Rock idenlification, like soil identification is a
crucial aspect of GS-System installation. Rock
type can influence the length of pipe needed for
a ground heat exchanger which functions at
peak efficiency. This video will introduce you
to the various thermal conductivity values asso-
ciated with each of the eight petrologic groups.
The rock identification video will also detail
several tests and list characleristics assigned 1o
each petrologic group. These 1ests and charac-
teristics will help you identify rocks at any GS-
Systeminstallation site. This video is 1o beused
asaleaching aid with the field manual, Soit and
Rock Classification for the Design of Ground-
Coupled Heat Pump Systems.

Cat. # 03020 Price $50.00

Purging and Pressuriz-
ing

Before operating a GS-System, certain proce-
dura} and verification checks must be made to

ensure the system will perform properly and as
designed. Debris must be flushed from the

ground heat exchanger and air must be purged-

from the sysiem, as well. GS-Systems:
Flushing, Purging and Pressurizing is a pro-
cedural video which explains each step of this
important phase of GS-Systeminstallation. This
video, in conjunction with the ground source
system installation guide, is a complete flush-
ing and purging reference for contractors and
installers,

Cat. # 03015 Price $50.00

This unique video is perfect for the general
consumer or those involved in GS-System de-
sign and installation. Examples of GS-Sys-
tems describes the versatility of these systems
and the various installation options. This video
discusses the differences between an open-loop
system and a closed-loop system. In addition,
this program describes horizontal and vertical
systems, Finally, this video presentation dem-
onstrates the flexibility of a GS-Systemunit. A
system can be a split system, a dual-fuel system
or a package unit. Ducrwork can be designed
specifically for each individual home. Ex-
amples of GS-Systems describes all of these
options and more,

Cat. # 03018 Price $50.00

GS-Systems: Installation Overview

As the title suggests, this informative video is acomplete overview of the simple GS-System installation process. GS-System Installation Overview
answers the most [requently asked questions by homeowners interested in ground source systems. In Jayman’sterms, this video explains G5-System

design and layout, the workings and installation of a ground heat exchanger, trenching and drilling processes and much more.

Cat. # 03021

Price $50.00

Proper Drilling and Trenching Procedures for GS-System Installations

(Parts 1 and 2)

This in-depth video details both trenching techniques and drilling procedures for ground heat exchanger installation, This video sets forth standard
installaion practices which result in the most efficient GS-System possible. This program follows the ground source system installation guide.
Contraciors and installers will find that after waiching this practical video, they have learned many useful procedures for completing a trouble-free

ground source system.
Cat, 103022

Price $50.00

Ground Source Heat Pump Publications
Oklahoma State University
101 Industrial Building
Stillwater, Oklahoma 74078



ORDER FORM
BM10821-191

MAIL TO:

GROUND SOURCE HEAT PUMP PUBLICATIONS
Oklahoma State Unfversity

101 Industrial Building :
St1llwater, Oklahoma 74078 Heating & Cooling Prodcts

IGSHPA GS-SYSTEM VIDEQTAPES

CAT. # qQrY TITLE ' EACH
03015 GS-Systems: Flushing, Purging and Pressurizing $50.00
03016 GS-Systems: An Introduction $50.00
03017 Inside GS-Systems $50.00
03018 Examples of GS-Systems $50.00
03019 Soil Identification for GS-System Installation $50.00
03020 . Rock Identification For GS-System Installation $50.00
03021 GS-Systems: Installation Qverview $50.00
Proper Drilling and Trenching Procedures
03022 For GS-System Installations $50.00
Total G5-System Video Tapes
50X Discount If Complete Set Of Tapes Is Ordered
Reference Number BM10821-191
1_Applicable Taxes*™
TOTAL
Ok!ahoma residents edd local state sales tax. Shipping will be U.P.S, Ground continental U.S.
PAYMENT: Check enclosed for $ Purchase Order enclosed
___ Mastercard ___ Visa Account Number
Exp. Date Signature

Purchase order must be company recognized and signed by company officer or purchasing agent.

For ordering information or to place an order:
Call toll free 1-800-626-4747 or FAX to 1-405-744-6187.

SHIP TO: BILL TO:

Name: Name:

Street: Street:

City: State:  Ifp: City: State: _ Zip:
Attn: Attn:

Special Handling Instructions:

F1336-991



