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ABSTRACT

The heat pumlf is an efficient air conditloning device that is
a pepular unit for space condltioning of commerclal and
industrial buildings. A more efficient varsion of this device
is the Ground Scurce Heat Pump (GSHP) which uses the
ground as #s heat source or sink, instead of the
atmosphers, A wide range of unit capacities and
configurations are avallable 1o sult any design situation.
These GHSPs are dependabla, easy to maintain, long
lasting and priced competitively, A body of water can ba
usad as a heat source or sink [nstead of the ground. Such
applications are even more efficlent because loop piping
immersed In water provkies a better haat transfer coupling
than piping burled n the ground., This paper discusses
applications of the Watar Source Hoat Pump (WSHF})
tachnology for offshore drilling or production aperations to
result in a substantial savings in space condiioning and
domestic hot water production. An even more cost
compaelitive ication of the WSHP is the ance thorough
design which clreulatas cool water from deap in the ocean
straight through the unli, then discharges it to the ocean
surface. A modification of this cpen lcop technique
circulates the fluld within an abandoned well bore casing.
The advantage of this system is that natural convection of
wann water from deep in the wall upward, as the unit
rotums cool water at or near the surface, will greatly
enhance the thermal advantage of the system. This will
enable direct use in the heating season and parhaps be
sufficlent to oporate an absorption chiller In the caoling
season. The Initlal cost of either of these systems is
equivatant to a packaged ac system, making the WSHP an
ldeal energy conservation measurs.

THE OPERATING PRINCIPLES

The ground source heat pump (GSHP) is designed to
reject heat fo the ground Instead of the afr In the cooling
mode, This is a more afficiant method for two measons:
1) the ground is typlcally cooler than the air In the
summar, and (2} the 1luld to fluld heat exchange process In
the GSHP is more efflclant than the fiuld to air that Is the
basis {or cooling towers and condansing units.

The GSHP also has advantages over other systems when
cperating in the heating season. First, the ground fs
ically warmer than the air In the winter, Second, the
fluld to fluid heat exchange process, in which the
refrigarant accepts heat from the water in the ground loop,
is more efficlent than absarbing heat form the amblent afr,

THE EQUIPMENT

A diverse selection of GSHP air handling units is available
from a number of reputable manufacturers. The
equlpment ccmes In a wide range of fonnages, fan sizes
and supply and return air duct configurations. The air
handiing unils {(AHUs) are available in vertical, harizantal,
rooftop and consols arangemants. The fans and
compressors used are the same devices used on the
conventional p ed systems, As a result thesa
aspacts of thé units have besn tried and proven from
many years of mfinemant by the indusiry. The only now
aspact of the GSHP units is the relrigerant to water heat
exchanger. This davice is a simple and dependable one,
provan effactive in many rigorous applications.

Saveral manufacturers provide GSHP units with optlonal
enargy saving featuras such as two speed fan motars and
two speed comprassors. All come with factory conirols to
regulate the water flow, protect against overloading and
wintertiime freezing of the circulating fluid. The pump Is
controlled by the AHU, t]{pically racaiving its elactrical
powar from a control panel integral to the air handler.

The pumps used by the GSHPs are compact, dapendable
units provided by manufacturers who have bean buildin
industrial ¢irculators for dacades. The EIEum s can be wall,
fioor or rack mountad and are avallable In a vaerlety of
sizes to suit a wide mange of flow rates and static
prassuras.

The pump Hself is mounted adjacent to the AHU and is
connected via flex hose to the unit coll on one side and the
ground Ioop piping on the other. (See Figure 1) Some
manufacturers offer a pump kit that includes the pump, flax
hose and valves needad for a complste installation.



The ground loop piping is made of a sturdy polysthylene
fastic that is heat fusion welded and pressure tested

ore Installation. K Is fire retardant and satisfies the
Natfonal Fire Protection Association raquirements for
indoor installation. The bast designs will call for the loop to
be groutad in the drill well using a bentontte slurry, is
maximizas the p!?a to ground tharmal bridging. Other
designs spscily the use of cuﬂlr‘}%s from the driling
cperation to backfill the hole, @ lafler Is a less
dependable mathod that can limit the capacity of the AHU
by raducing tha effective heat transfer area cf tha greund

loop plping.

The drilling of walls for tha ground locp Is mfined to suit a
variety of soil and geoclogic conditions. The two major
means am@ air drlling and mud dﬂlllré?. the latte: done
whan the cutling size Is tco large to be clrculated out of the
drill well using alr or when thelr s ground water. Most
systems use straight wells (see Figure 2), although the
tachnology and expertise exist to drill directional and
hoﬂzon?& walls for the ground loop. This is helplul when
the availlable land area is limited, such as in dsnsely
papulated areas.

SYSTEM DESIGN

Design guldelines have baen developed by the industry to
provide dirsction in dstermining minimum well depth, well
spacing and number of wells needed per ton of cooling
capacily. Thesa manuals help the dasigner determine the
static pressure of the cuctwork - needad to properiy size
the blower fan - and to analyze the necessary haating and
cooling needs of ihe facility. This ot the ign
procass, however, Is the same as the design approach
used for any other HYAC system.

The most common applications to date are residential
systems. Incentives and rebates fram utility companies
have given Impetus to this trend, as uilities strive to limit
the need for additlonal power generating capaclty by
enccuraging customers to Install the most efficient
systems availabla.

Increasingly, the sfiiciency of the GSHP sysiem Is
attracting commercial customers. Schoal districts have so
far beon the main Industrial users. They have a large land
area available and escalating cosls have driven them to
Install the most sfficlent systems whan retrofitting or in new
construction projacts.

The major drawback to the ground source systems is the
high ”Enitial clgzts. However, ttll"leai hllsghg;s?yslem aflficiemg{
usually prov a . r savings)

five yea'?'s or Iess.pamd‘aévamage of :B water sgc:Jm
systom is that the expense of drilling the wells and
Installing all the ground loop plping is avoldad, As a rosult
the cost is equal to, or less than, convantlonal Installations.

WATER SOURCE SYSTEMS

In the most common water source system th?aE;ound loop
is Installed In a of water such as a or tver,
Other Installations will nat have this closed loop
arrangement, but will pumﬁ the water direclly from the
source through the wnii heat exchanger. Cna
manufacturer Is studylng such a once through system that
a homoowner can tle directly to the city water malns.

Either of these methods avolds the ];:iping and diilling and
trenching Installation cosis that make the ground source
system so costly. Applications that employ the once
through technique are evea more sconomical since they
completely eliminate the expense of thousards of test of

iping and the energy expended in pumping the working
ﬁuld against a high static pressure through this plping.
This arrangement will, in fact, be less costly than a
conventlonal system because it does not require a
condensing unlt,

A t}t(‘pleal heat pump application an a diill ship or a drilling
platform will clrculate water through the heat exchanger
during the cooling season, or through a secondary loop if
the waler source is the ccean. Dunng the heating season
the most promising and available heat source is tha mud
pits. The locp heat exchanger could be located there,
sized to sult the heating neads of the instaliation.

A more sophisticated application takes advantage of an
abandoned, cased wall on a driliing or production platform
offshore. The wellbora is isolated fram the ocean waters
and from the drilled strata, and this fluid is clrculated
through the GSHP unil. This Is effectively a closed
sacondary locp since t is Isolated from any possible
sources of contaminaticn. This permits quality control over
the circulating fluid and prevents corruption of the heat
exchanger surface. U also provides advantages of an
open loop afrangament.

THE WELLBORE LOOP

The target heat sink in the ¢ooling season Is the ocean. At
this tima It Is advantageous fo Isolate that portion of the
well locatad In tha ground since it will be warmer. This can
ba accomplished by locating a baffle (ses Figure 3) at the
ocean grade to minimiza fluid flow and thermal convectlon
from the lower portion of the well. This baffle can be
lowered at the end of the pipe, or inserted mechanically by
& modified blow-out preventar at the ocean floor,

In this cooling amangement, the pump suctlon Une Is
siiuated near the ocean floor (within the wsll casing),
drawing the coldest water up to the air handling unit
through insulated plping. The water Is dlscharged from the
unit at the surface of the colurmn.

The setup for the keating ssason (see Figura 4) will isclate
the f)tping loop and the circulating fluid through that portion
of the cased well balow the ccean floor is is

Ished by draining the wall fluid down to the ocaan
fiocr level and prassurizing the coclumn to keep the well
fluld down to below the ocean floor lavel. Tha loop piping,
hald in the middle of the casing with cantrallzers, will be
insulated from the cold ocean by the air calumn.

In this modified arrangement the suction end of the pump
loop piping will be at the top of the column (e.g. just below
the ocean tloor), the discharge much deeper. The reascn
for this Is to take advantage of thermal currents that will
cause warmer fluid to migrate upward. The gaeneral flow of
this fluld up through the cased wall may also enhance
another affect: the well presumably extends far deeper
than the extent of the actual loop piping, penstrating
formations that are quite hot. These strata will warm the
fluid within the casing and it will move upward naturally to
the aclively clrculating portion of the fluid cclumn, thus
anhangcing the heating capacity of the systam.



HIGH CAPACITY SYSTEMS

Saveral modifications of this baslc design will be needed to
incraase the for larger loads. The piping
arrangament will emaln at the surface. Several unlts can
be operated from the same loop (see Figure 5), but the
heat transfer capacity of the cased part of the well bore
must be enhanced.

In the cocling mods fins on the cutside cf the casing will
Increase the capacity to reject heat. Centralizers or cther
intermal projections inside the casing - espacially if lowar in
the casing, which abuts coldar ocean waters - will cause
turbutent flow, thus increasing the heat transfer rate while,
because of the metal fo casing contact, providing
additional tharmal bridging to the casing fiself.

In the heating modae the discharge can be located below
the Intake. This wiil target hotter strata and, in the smaller
sized casing, there wil bg turbulant flow around the
annulus that will cause a higher rate of heat transfer.

PRACTICAL CONSIDERATIONS

There are several environmental conditions to consider in
evaluating this WSHP syslem application.  First, the
ground will not remain at a constant lemperature duting
the cocling season arcund the vertical bore hola. The
average ground temperature, as measured by flald testing
of many installations at the Austin (Texas) Indapendent
Schaol District - which has over 6,000 tons of installed
ground locps - Increases from the amblent 70°F to i00°F
or mare during the coursa of the cocling season.

The consequences of this Increase in ground temperature
are (1) a reductlon In the efficlency of the systam; (2) a
loss of capacity of the system, as exempiffled by catalog
spacs on a Trang unit:

EnterngWater Temp  Sanaible MBH

45 49.21
70 48.14
85 46.49
105 42.13
120 38.79

and {3) a higher usa of slectricity because the unit
compressor(s) will operate longar to accomplish the same
amount of cooling. A WSHP operating off a heat sink at a
constant temperature will not exparience this loss In
gfilciency, which can be as much as 22%.

This same affect has been sean to oceur during the course
of a singla day as wall. The ground heats up slowly, unil
the unit is turmed off and the ground is able to dissipate the
stored thermal energy over night. Thus the system has a

loss in capacity late In the summer aftamogns, at the very
tima that total capacily Is neaded.

There Is a third affect, in additlon to the daily and seasonal
ground temperature Increases. The ground also wil

increase In average temperature by 10°F or more If the
heat rejacted to the ground during the cooling season is
dispropartionately larger than the heat extracted from the
ground In the winter. Several sofiware programs approved
by the Intematlonal Ground Source Hesat Pump
Association show this affect clearly, as has practical
axparience. These thrae affects can combine to serlously
reduce the systam capacity.

The systam operation in the winter follows similar
principles, wheraby the low thetrmal momentum of the
earth causes the ground lemperature io drop. The
variation in capacity of a commn system for heating Is:

Entering Wator Tomp.  Sensible MBH

45 50.59
70 66.00
as 73.23

which is a 30% mduction in heating capacity for a forty
daegree difference in entering water temperature to the
WSHP unit.

The use of an cpen loop system in a large-bore cased well
takes advantage of two things. First thera Is the natural
increase in tomperature with depth, that follows the
function for the Gulf Coast ragion.

T = D{.008} + 80F

For a 5,000 toot well the temperature at the bottom Is
120°F. H tha water temparature that Is returnad to the unit
is increased by only half this amount (e.g. [80 + 120¥2)
then the unit will have 100°F watar, instead of 45°F water -
with & 40% boost In capacity and efficlency.

The second principle that benefits the open wellbore
concept Is that the water has more flexibllity than solid
earth. Wharaas tha ground can dissipate the energy only
by virue of conducticn, the water allows cenvectlon to
happen as well because of the gravity flow of a higher heat
exchange rate becauss the waterto-sarth temperature
difference at any given point is graater.

CONCLUSICN

The ground source heat pump technology is tested and
ﬁrovan. It Is a simple, effective and eificilant system that

as the confidence of utllities and the public. This paper
has discussed an application of this technology to reduce

ace conditioning expenses on an offshore drilling or
ﬁoduction plaﬂomg'n. "



The proposed system uses dapandable equipment that
can be sasily installod and integrated Into existing HVAG
systems. It will save on ufillty bills and has the potentlal of
eptimizing the driling or praduction operalion redy utilizing
waste heat. This has the banafit of possib ucing the
raquirad size of the mud pits and of reducing the energy
spent In rejecting process heat by aificial mechanical
means.
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