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CHAPTER 1
OVERVI EW OF SHALLOW GEOTHERMAL

By Burkhard Sanner

1. I NTRODUCTI ON

Geot her mal energy, in the publicbs perception, is ofter
these spectacular manifestations, there is also a more
flow from the deeper crust to the surface normally canrt
TW of ther mal out put, eventually radiated into outer sp

temperature rises by 3 K per 100 m of depth on aver age

anomali es.

A clear definition for geother mal energy was badly need
and regulatory side of geot her mal energy use. Based up:
Counci | (EGEC) adopted a definition giving only the sur
July 2009, this definition is for the first time state

Promotion of Renewabl e Energy Sources reads:

Ar t . 2

The following definitions also apply:

(c) Ageothermal energyo means energy stored in form
The distinction between shallow and deep geort hiesr nuasle di,s ¢
back to a Swiss support scheme from the 1980s. I n gene
those not pursuing the higher temperatures typically fo
make use of the relatively |l ow temperamoresobftoedeedairmh
America, shallow geothermal technology is also known un
For shall ow geother mal, the wundisturbed ground temper a
injection varies between <2 AC and >20 AC, depending urg

the borehol e.

To use the constant, | ow temperatures of the ground, t hi

i Il ncrease or decrease the temperature of geot her mal
Source Heat Pumps, GSHP)

i (Underground Ther mal Energy Storage, UTES).

Geotrainet GSHP Manual for Drillers €
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Figure 1. Constant temperat2nede mt i heee idNleapg mant Zoared tadn
down tm dé&@th (anticlockwise from top | eft):

measured at Royal Edinburg-h868séntatcorgdgatavérameELB8B8L t,
measured at the Borehole Heat Exchanger field test stati

before a TRT in Germany, 2007 (courtesy of UBeG GbR)

The various shallow geother mal met hods to transfer heat
i Hori zontal ground.Heal nmxdepmtnhfdbdosi zont al | oops)

i borehol e heat exchangerk0250 m depth(vertical | oops)
i energy piles 5-45 m depth

i ground water wells 4->50 m depth

1 water from mines and tunnel s

Met hods using a heat exchanger inside the ground are al :
the ground and having a heat exchanger (e.g. the evapor:
of these methods are shown in Figure 2 and some advant a

|l isted in Table 1.

Geotrainet GSHP Manual for Drillers T
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(vertical l oops) , and groundwater wel | s
Groundwater well's Borehole Heat Exchangens (BHE)
Heat transport from gr pHienat ttor aweslpgo rotr fvriocme gweprusnad t o |
by pressure differencelbpumempg)ature difference
Advantage: Advant age:
high capacity with reldgnovekgul aw masntenance
relatively high temper gsafe | evel of heat soufce [/
l ow |l evel of cold source
can be used virtually ¢verywher
Di sadvant age: Di sadvant age:
mai ntenance of well (s) ]|]limited capacity per bagrehol e
requires aquifer with quéfFatieatyyliewdtemperajure | ev
high | evel of cold sdqurce
water chemistry needs tto be investigated
Table 1. Basic heat transport criteria and advantages/
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however, some of the power for <circulating the refriger

pump compressor.

Heat pipes makpeh aussee soyfstaem wionsi de a single, vertical pip
is evaporated by the Earthds heat in the | ower section o
to its |l ower density, and transfers the heat to the ref
down and condenses again, flowing back in liquid form o

the brine systems and the DX systems can be used both fo

purposes only, as no heat can be transported down into
wor ks only in one direction).
circulation heat pump
pump
5
o i .
2 L 2: 3 Figure 3. Possibl|le ground
g Ground circuit Refrigerant Heating
= l| (water, brine) circuit circuit cuits: fluid (brifne) cirec
()
’ ® \ and for horizontall loops
o
<
s middle |l eft), heatf pipe ci
Qo
cal l oop (|l ower | eft) and
circulation heat pump sion (DX) circuit for hor
pump .
(Il ower right)

horizontal loop

1: 2: 3:
Ground circuit Refrigerant Heating
(water, brine) circuit circuit

heat pump

heat
exchanger
1 2: 3:
Heat Pipe Refrigerant  Heating o
circuit circuit circuit eat pump

N

horizontal loop

borehole heat exchanger
(heat pipe)

’ \ Grou#ﬂ and Heit:ing

refrigerant circuit circuit
The earliest example for GSHP in |literature dates from
horizont al |l oops (Crandalll, 1945). Already in 1947 an ar
we use today. I n Europe (Austria, Ger many, Sweden, Swi t
first horizont al |l oops appeared around 1970, and the fir

Geotrainet GSHP Manual for Drillers Qo
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Af ter a short boom in these countries around 1980, asso
Europe was slow throughout the 1980s and 1990s, with the
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Figure 4. Development of heat pump sal eéBsv)in Ger man
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Figure 5. Heat pump sales for 2006 and 2007 in some

Sweden and Switzerland. Since about 2000 a strong mar k
foll owed by France, and now in 2010 the GSHP technology
pump units sold in some European countries in 2006 and

and a maj esroiutryc ef ohre aati rpumps i n warmer | ands (France, It a
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Al material for GSHP today is avail afbdber ifad @otme dnaBHiE ,a cgrua
pipes, manifolds, heat pumps (Fig. 6). Met hods for deter
available (Fig. 7), design rules and calculation methods
frame for reliable and durable installations.

Figure

Figure 7.

A usef ul

6 . Examples off phbroniduztesd fBHE GStHPst @d eand del i ver e

Haka, centre: Rehau)

Base load
- Peak cool load
Peak heat load

1

e

& A N ol ollEEcNIES

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
Year 25

Example of Ther mal Response Test for deter mini

using EED software (right)

t ool for comparing different installations of

t her mal capacity at the heat pump evaporator (refrigera
Watt per Meter BHE | ength (W m). In the early years of B
a standard value for Ger many, and 55 W/ m for Switzerl and
at thatantdi d&® W/ m is still used as a crude rule of thumb
actual specific heat extraction possible in a certain
conductivity), system requirements

Geotrainet GSHP
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(operating hours), system size (number and distance of |
never should be designed following a rule of 50 W m of

used for cadnmgeatriccsromugh design calculation has been made.

I n recent times, claims by manufacturers of some new BHE

extraction values of more than 100 W/ m (apparently indep

Using a simple consideration allows the viability of suc

The heat transport in a BHE system can be divided into t

1 the transport in the undisturbed ground around the bc
the ground k)

i the transport from the borehol e wal/l into the fluid i
material, the borehole and pipe geometry(bernehqgl eantdh
resistance) .

100 100
heat pump heating capacity 10 kW
90 1= rock thermal conductivityss = 2, 5 / /. 90
gso 80/\
S 70| | =1BHE L70 &
.E -m-dq H metal, triple-U, é‘
g 60 1— thermal grout [ %9 o
s 5 PE, double-U, |5 £
o .//'/PE, double-U, thermal grout l-léJ
©
g 40 — i normal grout, 40 ‘0
° PE, single- or single-U, 17}
£ 30—, normal thermal grout T
I
a
n 20 20
10 10
0 ‘ ‘ ‘ ‘ 0
0,25 0,20 0,15 0,10 0,05 0,00
rb K/(W*m)
Figure 8. Specific heat extractEfdn criathes e(sbr(owrm nagler wcal)r
borehole resistance of diff-eeaent yBAHBusgpesden aveypbpeabpr
chosen parameters, the maximum heat dyxtd860tcannopatexaeed

The specific heat extraction rate of a BHE can only be c

parameters mentioned above. A new design of BHE <cl ai min
inside the borehol e, r es ulTthien gb eisnt & HIEo wweoru | pd=a 1bQee Kaf \dsFyert, e r
spontaneous heat transfer between borehole wal/l and fl ui

benchmark for determining the efficiency of arEfddtcu a&lncBt}t

is given as:

dh= sustainable heat extraction possigl e iwbyexr ec®CG tfaom tpl
theoretical maxi mum (Fig. 8).

Geotrainet GSHP Manual for Drillers M H
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2. FURTHER | NFORMATI ON
Bi bliography
Crandall, A.C. 1946. House BEdeeacttirnigc ani tWerdd adr NiaveH¥1adt k P u mp .

Everett, J. D. 1860. On a method of reduciThrgancshs eRovyaali o
Edi nburgh, Vagl 4230X)] | EdiPabar ¢ h.

Kemler, E.N. 1947. Methods of EarHehatHenagt aRedc oWweenrtyi |féadrji ntgh
New Yor k.

Sanner, B. 1999. Kann man Erdw2r mesonden mi t Hil fe ‘
Geothermi sche 7TE®dY, giGeedt e.
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Section A

CHAPTER 2

LT MI TATI ONS

By Ol of Ander sson

1. I NTRODUCTI ON

As is shown in the previous <chapter, there are several
commerci al mar ket. These are, in short, ground source h
underground ther mal energy storage (UTES) for active si
potenti al of these systems as well as | imiting condition
The potenti al is in many ways related to | ocal or site
sector of application. The |l atter may be family houses,
cooling systems, or even industrial facilities. These a
design of a geother mal system

The |l imitations can be | ooked upon as t he -gpatfear bprumjdeacrty
They can be physical, such as <c¢limate and geol ogical c
conditions, for example ground availability or other int
ot her potenti al ' imitations. These could be of a social,
However, these | imitations are flexible and may disqua!
i mportance that all potenti al ' imitations are consider ed

2. WHY SHOULD DESI GNERS AND DRILLERS CARE ABOUT A PROPEF

Properly done, any GSHP project should start wup with a

decision on how the project should be further devel oped

types of technical, economical, |l egal and environment al
designer or a driller is not aware of the constraints an
out to be not feasi bl e, at a |l ate stage. This wildl of
unnecessary c¢claims on anybody involved in the realizati ¢
of and confidence for these types of systems, something

Geotrainet GSHP Manual for Drillers M N
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ASPECTS

The two main renewabl e heat (Jloyi cplgéolexgiraalt i otnrsatfa oar e
energy is the driving force of the hydrological cycl e
renewabl e energy, such as hydropower, wind and biomass.
<
' Transpiration
niiitra "\f‘ ?
Per:('ool:t:on £ = l:g;j;?\?ar?tenawinmng \ R¥RpOration
"9'"’00 ’%\ = '.~ el e
§’ o
Figure 1. I n the hydrological cycle all traditional rene
another renewabl e source
The average sol ar radiation that is adsorbadnbgl ltyhe whi
geot her mal heat flow is Féant piratccedceo $bdine e@nkWhhmat t
heat from the shallow underground is derived from sol ar
knowl edge, on how heat transfer in the underground work
regarded as solar energy. For this reason the potenti al
|l oop vertical systems too close to each other wildl |l ead
geol ogi cal and climate conditions and how much energy i s
m. Under nor mal conditions, the temperature at a depth
the air (+14.3 on average). However, at places with snow
hi gher since the snow wil/| i nsul ate the

Geotrainet GSHP
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surface. At greater depths, the ground temperature wil!/l
geothermal gradient th°®€f 160 amvetageoustaiesnwi 8h old cry
often much I ess, while countries with clayey rocks have
m?2. However, the variation is rather | arge and depends gr

conditions.

4 . LI MI TATI ONS AND BOUNDARI ES

n mMm® ¢SOKYAOIf fAYAGLIa2Yya

It has been shown in the preceding section that the natu
energy) are practically wunlimited taking into consider a
general, the source is always there and from a technical

For systems using the undergrourdcerfmr stmasagralof( dire ag o met

energy for storage may be different. Such a source is
Anot her may be waste cold from heat pump evaporators. T
such as || oad, duration, temperatures, availability, et (
established in an early stage of a given project.

Figure 2. Technical ' imitations for an underground stor
characteristics, working temperatures, availability of e

at an early stage of the project

noud DS2t23A01t tAYAllIoa2Yya

I n principle, one or several types of GSHP systems are t
of finding a proper construction method, related to the
the geol ogical requirements differ according to what t°
general statements.

T Closed | oopprsysitnengsener al applicable in all types of ge¢
probl ems may be a | imiting factor

Geotrainet GSHP Manual for Drillers M C
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1 Open sygtbeamed on pumping ground water) require a geo
aqui fer geometry, hydraulic properties and water chen
nd® od | @RNR3IS2t23A01If fAYAllea2Yya
The hydrogeol ogi cal conditions would in practice govern
of aquifer, geometry, groundwater | evel and gradient, t
in fact essenti al for the design and realization of suc
|l ess i mportance, but can in some cases constitute | imiti
T Closed | oopmasyshemaffected by flow of ground water.
normally an advantage. For systems with storage of hea
extraction. Furthermore, a | ow groundwater |l evel will 1
Aqui fers used formagpéermveyatdmsmited yield (well capaci
composition. It may also be that the size and geometry
occupied by, for exampl e, supply of drinking water. Thi
such circumstances a closed |l oop system may or shoul d be
n® nd /fAYFGS O2yRAa2Yya
Climate plays an i mportant role in the application of
essenti al condition is that the ambient temperature of
The type of climate (tropical, arid, Medi terranean, ma
systems (Table 1).
Climate tiWpat her fondi- GSHP systems
PR GSHP UTES
Tropical |[Hot, no BNeoats ofnesasi bJ[Net f easi blle
Ari d Hot, coo|Nonti gfhetassi b|/Séor age of-{col d night
day
Medi terr gWamm Sumhlecrcasi onal|l|Seateasai-storage
bl e heat and cql d
Mar i ne War m Sumpreerasi bl e Seasonal sttorage
heat and cql d
Continentf@arm Summheerry feasi|fkeasonal sttorage
heat and cql d
Table 1. Principal feasibility for GSHP syst
Anot her <c¢limate factor is the humidity. I n hot climates
cooling that allows condensation. I n practice this means:s
Geotrainet GSHP Manual for Drillers M T
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not possible to directly cool a building from the grounc
As indicated in Table 1, the best performance of UTES s
seasonal swing of temperatures from summer to winter.
|l ocations, (see the example in Figure 3).
——Ankara —— Luled
40
30 Wl ¥
_ 20
2
S 10 -+
o
GE) 0 q] T T T T |1,|
[ ( 1 3000 4000 5000 6000 7000
-10 )i Y
il (IR
-20 'le u||| |
-30
Timmar
Figure 3. The climate conditions for using UTES are al moc
4. 5. Environmental | imitations
GSHP energy systems wil/ in gener al contribute to | ess
environment al substances. However, country specific, anoc
as:
1 Contamination of the ground and the ground water by
shortcutting different -Ageeters and the usage of anti
i Change of the wunderground temperature that may affect
in the underground
i Emi ssions, damages and | ocal disturbances (noise, etc
i Damage to buildings, fauna and flora operating the sy
I n most countries, these types of l'imitations are the s
may sometimes be that a GSHP scheme is denied by Il egal ¢
I'n general, open | oop systems are more difficult to have
using groundwater causes more concerns in most countries

Geotrainet GSHP
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4. 6 Economical Il'imitations
I n most cases, GSHP systems on the commerci al mar ket
able installations can be realized as well as systems
ing wild/l in many <cases | imit a |l ess favourable economi
point of view, the cost |imits can be explained as:
T The operational and maintenance costs combined must
T The additional i nvest ment cost for the GSHP system
mai ntenance cost within the technical Il ife time of the
The calculated straight pay back time varies betwekh
years are judged as a reasonable upper 1| imit
4. 7. Legislation as a |imiting factor
Legislation incorporates a complex mixture of | aws, <cod
more frequent in countries that already commonly wuse
and a type of Awild westo situation on the regulation
authorities do not know how to react on permit applicat.
develop further.
At this stage it seems as iif the I egislators do not kno
Therefore, to create functional |l egislation in differen
possibly also trained on how GSHP systems work and what

Geotrainet GSHP
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Section B: General Topi

CHAPTER 3

SHALLOW GEOTHERMAL CONFI GURATI ONS A

1. Il ntro

ByOl of Ander sson

duction

Shall ow geot her mal systems Jdamaedemradtnd yt eéemperda tonr aus i fngr | hoew
temperatures are naturally found in the upper geological
oudoors temperature seen over a year, see further in cha
referred to a direct us e, mainly for serving as a sourc
used for comfort and process cooling, especially in cold
A second group of shallow geother mal systems are Undergr
systems. I n these cases ther mal energy is seasonally or
temperature to be | ower or higher than the natural. I n
systems wil/ normally be applied | arger projects. I’ n mos
cooling, even if there are some applications for either
I n this chapter an overview of optional systems is give
geot hermal application.

2. Why should drillers and installers care about differ
Any geot her mal installation, disregarding the size and g
choice of system. The decision of system wil/| al ways be
geol ogi cal and hydrogeol ogi cal conditions, regul ations,
systems, then there is a risk that a geother mal concep
damages to the market development of shallow geother mal
3. Classification of Shallow geothermal systems
Depending on the development in different countries worl
of the systems is somewhat different. The terms fiopeno a
may be |l ooked upon as practical descriptions of syst ems
where groundwater is pumped from and injected through w¢

but her e

Geotrainet GSHP

some country specific terms are also contributi
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The systems for storage of heat and cold in the undergro
I nternational Energy Agency (1 EA), the | mplementing Agr
(ECES) as a result of more than 20 years of research an
closed and open | oop systems. |In figure 1 expressions us
the Swedish terms for each system (translated to Engli:

extraction commonly refer to the term GSHP (Ground Sour

statistics to separate these from heat pumps wusing air a

Systems for heat extractilon (GSI
AGroundwater Heato (Open | oop)
ARock Heato (Closed vertical | oop)
ATopsoi l Heat o (Closed horizont al | oop)
Systems for extraction off col d
AGroundwater coolingo (Open | oop)
ARock coolingo (Closed | oop)
Underground Ther mal Energqy Stor:
AAqui fer storageo, ATES (Open |l oqgp)
ABorehole storageo, BTES (Closed |l oop)
ACavern storageo, CTES (not applijcabl e)
Fig.1. Expressions and terms for common shallow geother
systems for active storage.
4. Overview of systems for direct energy extraction
4.1 Closed vertical | oop (rock heat system)
This system applied for single resident buil dings <cons
exchangers (BHE) are installed. The boreholes may common
of soi l and rock. The BHE is connected to a heat pump.
antifreeze), heat is extracted from the borehole surroun

hi gher temperature is distributed to the building.

During the winter season the temperature of the fluid a

fluid will then often reach a temperature well bel ow t he

Geotrainet GSHP Manual for Drillers H M
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the heat pump wil/l gradually drop. However, in a correc
making the heat pump to stop. This is as a matter in f

sour ce.

Fig.2. Vertical closed | oops applied for a singl
I n the summer, these systems may provide free cooling d
and stores condenser heat in the ground. This is of <cal
definition, using the system also for cooling, transfer
I f the system is used for heat extraction only, whi ch
borehole recover its normal temperature naturally durin
great importance that the boreholes are not to close to
properly and the temperature of the boreholes will gradtdu
From a geol ogical point of view, the best efficiency o
content of silica, such as granites and gneisses. Among
guartzite and dense sandstones with a | ow porosity. Howt
are technically feasible, as well as any types of soi l
regardl ess the geological conditions at site.

Geotrainet GSHP Manual for Drillers H H
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Vertical systems can also be used for direct cooling, e
these cases heat is disposed into the boreholes and the
season. I n Sweden, such rock cooling is mainlVyVubedadi t &
ing masts &2Bbdsapprchdbowirtdh sftrage ool i ng
4.2 Closed Il oop horizontal systems
The shall owest system is the horizontal Il oop. This consi
the garden of a residential house as shown in figure 3.
be considered by an installer as an option to vertical |

Fig.3. The horizont al | oop system that requires | arge op
Compared to vertical |l oops this system takes a |l ess inve
efficient due to a | ower working temperature of the fl ui
the soil compared to a rock. Furthermore, the technique
rather |l ow fluid temperature over a | ong part of the win
towards the pipe, hence creating ice scaling around the
t her mal conductivity. Since the frost is melting rather
cooling.

Normally the pipes are placed approx.1 meter below the s
in | ater years a more compact system has been developed
are placed vertical in dug ditches, one at each wall of
The best efficiency of horizontal systems is obtained in
clay and silt, while dray gravel and sand should be avoi

Geotrainet GSHP Manual for Drillers H O
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The production well is equipped with a submersible pump
tight | id. The pump should be placed well below the | ow
frequency controlled. 1t is also an advantage to have a
The injection wel!/ is typically equipped with a pipe e
perfectly tight and have a valve for ventilation.

The ground water |l oop has to be perfectly tight and pre
potential for corrosion and clogging).

During winter the water is pumped either to a heat exch
(may cause corrosion and clogging problems)5°CTypically t
The chilled water being injected may cause a ther mal br e
l ong enough. A ther mal break through between narrow we
summer . However such measures wil/| turn the system into
Groundwater can also be used for direct cooling. The e
therefore of great interest. The maxi mum tenf@erf atrurceo mif
cooling anf@ fsomrmepr2cecess cooling.

5. Overview of systems for underground thermal energy st

5.1 Background

Traditionally ther mal energy is stored in big steel t an
storage medium a |l ong term (seasonal) storage has prov
started in the early 80: ties within the frame of | EA.
Ther mal Energy Storage (ATES) and Borehole Ther mal En
commercial Il evel in a number of countries.

These systems have proven to be both technical and eco
commercial and institutional buil dings all over the worl

in some cases they are also used for storage of heat or

The main concept is to store natur al heat from summer t

and by reversing the system to store winter cold to be u

Geotrainet GSHP Manual for Drillers H p
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Seasonal storage in |the gr

Fig. 5. Concept for seasonal storage of natur al heat and

5.R2quifer storage (ATES)

An aquifer consists of a geological l ayer that not only
groundwater to a wel/l t hat penetrates the | ayer. The de
(hydraulic conductivity) of the aquifer that will wvary s
sedi ment s, such as a | ayer of sand or a not so consol.
fracture systems in harder rock types.

The porosity and or fracture systems wil/ act as a type
aqui fer. Hence, the groundwater will, as it flows in sys:¢
more or | ess homogenous temperature in the aquifer. I n t
By dividing an aquifer into one warm and cold part, heat
advantage for applications where cooling is an essenti al

The principal system for an ATES application for both he
the figure, the storage is connected to a heat pump | oop

will change its flow direction twice a year, spring and

Geotrainet GSHP Manual for Drillers H C
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5.Borehole storage (BTES)

Borehole storage consists of a number of densely placed

installed and connected to form a closed | oop system.
exchanger with the soil and rock penetrated by the holes
t he natur al in the underground through the BHE, therm
surroundings. Since the boreholes are closely spaced the
within the borehole field wildl affected by the temperat
has, the faster wild.l the heat or cold be transmitted. B
the heat or cold will stay in the storage for a long tim
The most common BTES system is designed to produce both
system is shown in figure 7. The figure is also showing

COOLING A gik,‘,g,,“ FREE °

o COOLING

@m ¥ = WITH AIR

HEATING : =

O

ol *_lo

HEAT PUMP

BRINE BRINE
LOOP Loop

BOREHOLE COLD FROM
H STORAGE GROUND
Fig. 7. Principal system for combined heating and comfort

The heat pump supported system with combined heating ani
and intuitional buil dings such as offices, school s, hos
buil dings.
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During the winter season heat is extracted from the roc
decrease well bel ow the natural temperature. During the
cold and extracting that wild/l |l ead to a ther mal recover
cover the demand. I n this case the heat pump will be wuse
cal for cold or moderate c¢climates and is commonly wused
signo.

If the cold demand is as high as the heat demand, or ev
the heat pump. This design goes under the name AAmeri cat
derground. This means that the rock will be heated up we
to the high storage temperatur e, running the heat pump
AEuropean designo that works with | ow temperature storag
erated in AEuropean designo.

ndependent type of design these systems work with mode
he ranége of 5

Compared to ATES the BTES systems may be |l ess efficient

have no, or a minimum of mai nt enance. It will al so have
applicable al most anywher e, but they may not be very ea!
drilling methods and drilling depth is therefore an i mpo
From a regulation point of view, it is fairly simple to

avoid contamination of the underground and the groundwat

backfil!l of the borehol es. Ot her countries, preferably

mo st of the cases.

Further i nformati on

Sanner , B. 2001. ShalGrHG BuwlolterteirmalJ tEmee rylyQ 1

Andersson, O., 2007. Aquifer.Ilhhdrrmmalr mainereqyr Ytyorsa ga a(@ATE
Consumptiono6, Editor, Paksoy, H., Chapter 6. Springer, 20

E-BECES. Ho meww.geees. org
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CHAPTER 4

Boundary conditions for UTES

ByOl of Ander sson

1. I ntroducti on

A complete shall ow geot her mal system contains not onl vy

volves the connection to indoor installations such as h
supply and controlling system. This more or | ess compl e
tain building, or set of buil dings. It may al so involve

for other construction parties.

A drilling company may be asked to bid on a total syster
number of boundary conditions related to responsibility
T Contractual boundaries, in the sense of scope of work

f System boundari es, meaning technical l'imits for shall
|l oads, temperatures, flow rates and system pressur e.

T Natur al boundary conditions, such as climate and, not

f Boundaries related to economical, environmental and re
2. Why should drillers and installers care about differe
A drilling or installation company must be aware of tha
complex task considering the contractual responsibilitie
sider the functional expectations of the system parts he
or take the full responsibility for environment al and p
the contractor will/l coordinate his work with other contr
3. Contractual and technical boundari es

The form of contract wild/l be described in the tender doc¢
the functional responsibility over to the contractor, or
shown in figubp#&otk blhhensdsaopecommonly is placed either o1
ing the total plant for heat and cold production (red |

Geotrainet GSHP Manual for Drillers 0 n
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Fig. 1. Examples of different contractual boundariesdé for
As easily can be understood, the choice of boundary wil/
the contract, but also for the functional responsibilidt.i
For a BTES system as shown in figure 1, there are also
plastic pipes (PE) wildl expand or shrinking due to the
exceed a temp?@r atAur ehiogfhew#20t emperatures the strength of
l'imit would be governed by the content of antifreeze in
temperature all owed for the heat pump. For non grouted
| ower temperature boundary. This wildl ocdCr i &t aamimegpies
used.
Anot her technical boundary in BTES systems is the appli
number of <circumstances and parameter s, such as number
series), di mension of pipes, and of cause the ther mal p
governed by the maxi mum allowed friction | osses in the
pump requirements for heating. For direct cooling there
Geotrainet GSHP Manual for Drillers 0 M
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ATES systems, figure 2, have quite different technical b
site. Not only that, the aquifer mu st also to availab
environment al i ssues and regional/local |l egislations in
may be very restricted on technical wusage of groundwater
'J) P PEAK LOAD
800 kW
BOILER, BURNER
SRS OR BH
I\I 80O kw
200 MWh
HEAT PUMP
600 kW HEATING LOOP
@ 1000 MWh > Y 1200 kW
1200 MWh
+50” =
= | G Ll
I-NO (E)@@ +40" I o
480 kW o00 kW

FOR HOT TAP WATER

! HEX FOR
CONDENSOR

COOLING

AQUIFER STORAGE
480 kWi (BOOKWc)
8200 MWh

C_D 2 -6 WELLS

THERMAL FRONT

Fig.2. ATES systems have different technical boundari es

I n order to protect the rest of the system from probl ems

separated from other fluid | oops by heat exchangers. As
cause for operational problems in existing ATES systems.
unfavorable that ATES is not applicable. Therefore wat e

that case related to corrosion and/or c¢clogging probl ems.

The aquifer itself must of cause have reasonable size a
boundaries, to be useful for ATES applications. The <cap:
the I oad requirements of system. From a temperature poi

scaling. TemperdfCuwes!| Hehowmably be okay.
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Finally, there must be space enough between the wells

di stance between the warm and cold side must be such t ha

4. Geol ogical boundaries related to drilling

Despite of system, the geology at site wildl play an i mpo

The most common drilling methods for shallow geother mal

table down the hole hammer percussion drilling (DTH) do

drilling with water or mud would be the dominating metho

Table 1. Drilling methods for shallow geothermal systems

Type o Cable TqDTH witfi DTH with Conventi ol Auger 5y S -

system Rot ary t ems

Cl osed| Never Domi nat g Rairel y bulftCammon i n| Goendnmo n or

|l oop hard rogkseased ulsment rock|sshall owjhol es

Open Rarely, | Coamga Rarely, bluGommon i n| S$eelddom

|l oop well s only) creased ulseent rock

Gener al i ssues, related to the surface conditions, which

T Space for drilling rig and side equipment may not al wa

T Environment al i ssues like drilling noise above all owe
hazards may |l imit the drilling proceedings and evVve

Mai n technical l'imits or boundaries when drilling with a

T Hitting permeable fractures or cavities with high wate

is sealed off by installing a casing or by grout i
f Hitting |l oose | ayers, or unstable structural zones, t |
zones may not be possible to grout in order to dri
T When drilling with water or mud as flushing medium t h
|l ead to a total | oss of fluid, while the main bour

Geotrainet GSHP Manual for Drillers 0O O
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CHAPTER 5

GEOL OGY

by | figo Arrizabal aga

1. I NTRODUCTI ON

The geol ogi cal framewor k i s a mandatory i ssue i n ever
comparison to conventional heating and cooling installat
designing a GSHP installation, an accurate knowledge of
the way of integrating this data while sizing the heat p
The differences between rocks and soil, the basic cl as
di sposition in the ground, knowing the fundamentals of
are necessary matters in the design of medium and | arge

I n small systems, a basic geotechnical and hydrogeol ogi
environment al ri sks. A great number of designers come fr
|l oop desi gn, even of |l arge installations, i s provided by
away from the work site. They do not have a broad enol
investigation methodology to employ in the project desi
determine the cost and the viability of the geother mal s
The most wusual problem is to underestimate the i mportanc
cause over pricing of the project. I n other cases, the s

Common questions are:

T How to choose between an open and a closed | oop?

f How can we calculate the | ength of the closed | oop?

f How can we calculate the yield flow from a well to mat
T How does geol ogy determine the drilling method, boreho
A geol ogical approach is necessary from the starting p
geotechnical, hydrogeol ogi cal and thermogeol ogi cal infor

of money.

This chapter aims to refresh, clarify and i mprove the ge
building side of the technology. They wil!/ i mprove the

Geotrainet GSHP Manual for Drillers 0 N
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understanding of how the ground works and make communi cz¢

teams easier.

2. GEOTHERMAL ENERGY CONCEPTS

This chapter will try to clarify some concepts about geo
a. Where does it come from?

b. What are the main parameters?

c Geol ogy

d. What is the relationship between thermal energy and w
e Why a pilot borehol e?

a)Geot her mal energy is the energy stored in the form of
Low Enthal py Geot her mal Energy or Shallow Geot her mal Ene

bel ow 25 UC.

The Ground Source Heat Pump is the most common technol
Geot her mal Energy, wuswually, but not always, by means of
Low Enthal py Geot her mal energy has sever al origins. I n m
i Geot hermal deep flow. The Earth core reactor provides

surface of the planet. As a result, the Geother mal Gr

on the surface of the Ear’th between 30 and 100 mW/ m

1 Sol ar absorbed radiation. Heat transfer at the surfac
the fraction of sol ar radiation diffused into the gr
convection and ther mal radiation. However, the assump
(for the first 10 m) is a function of the temperatur e
l onger sensitive to yearly air temperature variation.

1 Ground water advection. Ground water flow is able to
process, known as advective flow, is a main agent in

1 Thermal storage capacity of rock. Rock, with¥UCs abil
provides a | arge amount of energy, especially in vert
thousands of cubic metres of rock

1 Artificial recharge (regeneration). The stocagt sapnc
scale thermal store able to manage waste heat from co
b)The main parameters defining ther mal properties of the
-Thermal conductivity of the ground
-Vol umetric thermal <capacity

-Undi sturbed ground temperature.

Geotrainet GSHP Manual for Drillers 0O p
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The ability of the ground to transfer and ¥tore heat dep
1 Rock minerGelnoegryal 'y, the higher the quartz content, th
i DensithHyi gh density of the materi al usually means a cl

density, the higher the thermal conductivity and diff

1 Wat er conMadretr presence i mproves the heat transmissiol

increasing the thermal conductivity of the rock or so
c)Geol ogy is also the main agent shaping the | andscape.
and deposition agents are key issues in the tireless tra
tions wil.| determine the project site conditions that fi
In addition, geology provides good information about mec
key influences on the cost of the drilling works (Fig. 1
Rate of penetration (ROP). ROP wi I | depend on various pr

B EVE -Fracture degree

-Textur e

€ ‘ & -Planes of weakness:
: 7
stylolites

-Specific gravity and
-Porosity
-Permeability
-Hardness

a -Compressive strength
-Abrasivity
-El asticity

-Pl asticity

) Figure 1. Examplle of
v geol ogy map
i Stability:
The ability of the drilled ground to maintain stable bor
very high impact on the projectés final <cost:

-Di ameter of the borehol e

-Auxiliary casing needs

Geotrainet GSHP Manual for Drillers 0O C
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Figure 2. (top) Hydrogeology, aquifer di

Figure 3. Hydrogeological ma p

d)Hydrogeology is another field to take into account for

Ground water presence is of prime importance in GSHP sy
five points

1 It determines the typology of the geother mal system.
could be directed toward an open |l oop or Standing Co
unexpected water yield of the pilot borehole. Other wi

i The water table position determines the thermal condu

Geotrainet GSHP Manual for Drillers O T
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1 Advective flow may transfer a huge amount of energy,
ground and providing higher extraction and rejection

i On the other hand, advection may preclude seasonal th

i Ground water pollution is the main environment al ris
hydrogeol ogy of the geother mal site is compulsory to
for the borehole when necessary.

e)T.he pilot borehol e

A good example of a geological i nvestigation tool for v

borehol e. Drilling a pilot borehole with an adequate geo

T Lithology 1 o0g

T Ground fracture degree
T Hydrogeol ogy
-Water table position
-Aqui fers
-Productivity, specific flow rate, drawdown

-Hydrochemi stry

-Filling/grouting selection

i Drilling parameters
-Formation stability, wvoids and hol es
-Dri Il ability

-Di ameters

-Auxiliary casing need

-Drilling speed
T Drilling Cost
T A borehole for installation of a PE exchanger for Ther
T An additional pipe for borehole | o0ogging, undi sturbed

after TRT, other kinds of geophysical |l ogs, etc.

3. TECHNI CAL AND PROFESSI ONAL RESOURCES
The technical resources needed for this phase will diffe
I n small size installations, below 30 kWw, basic geologic
countries and sever al autonomous regions have geol ogical
work site, geol ogi cal and hydrogeol ogi cal maps, ground w:
maps, etc.
I n addition, many drilling companies may provide inform
prognosi s, et c. This helps us to supply the geol ogical

Geotrainet GSHP Manual for Drillers 0O Yy
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Larger size installations, over 30 kWw, require deeper
hydrogeol ogist into the project team choausledd boep ecno mpoud ps osryy:
The profiles of professionals working in the geother mal,
The professional background of peopl-leaswod kg uwal iifni ctahtiiso nf:i
or civil engineering, with a good knowledge of hydrogeol
map. He must know, at | east, basic rock classification a
should also have some basis in structural geol ogy and a
ground materials, their orientation and deformation proc
I n many medium and | arge scale projects, it may be compl
to get appropriate risk insurance or to integrate the ge
3. 1. Using the resources
Geol ogi cal knowl edge must be integrated into GSHP from
process. Geol ogy determines directly or indirectly:

-Loop typology: Open, Closed, Standing Column Well

-Ther mal properties of ground/ groundwater

-Loop viability: digging/drilling system, well/boreho

-Environment al i ssues.
The scope is very complex according to the chosen typolc
to a pumping test of a ¢grngwmcdwatnerweddstraction or re
4 . ENERGY EFFI CI ENCY AND ECONOMI C COST BENEFI T
Thenergy efficiency of a geothermal system is fully relsa
system ranges from a Seasonal Performance Factor (SPF)
systems up to >5 in several groundwater source open | oop
syst em, building ther mal l oad and exchange | ength perfc
ground thermal conductivity and groundwater Darcy veloci
Ground properties, buil ding ther mal |l oads and energy cos
Loop typology wildl define the cost range of the geothern
few hundred ther mal k W. I't may easily cost >1200 G4 per i
I n contrast, an open |l oop ground water system can prov
cheaper than 100 u/ kW with a payback period of a few mon

Geotrainet GSHP

0 ¢

Manual for Drillers



FRNTELLIRENT ENERSY

“f EUROPE

4. 1. Regul ations
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specific regulation regarding this domain is a
Europe countries, such as France, Germany, Austr
g compound, usually cement and bentonite mixtur
acement and casing removal, no further tests are
seful in some geological conditions, e.g. in kar
nsolidated terrains, but not in others.

countries, such as the Scandinavian area, the I
and the inpepespadecbhst wgensUseal ed with expansi
ed safe enough to ensure that no pollution of agq
ntries are unregulated. As in many things, the
gy . Oof t en, prevention of c¢cross pollution betwee
his needs specific treatment, for example, the

| ower aquifer is drilled. A very similar situat
nd, a requirement to seal a |l ow permeability for

only increases the bore field cost and decrease

prescription is not always the best one for di
utions for each hydrogeological situation.

USI ONS
defines the ground behaviour of ther mal energy.

em cannot be done without an analysis of geol ogi

s need to understand heat transfer basic concept

heat recharge and discharge and the role of gro

l ogy, the main rock formations and I|lithologies,
ific work area, in order to choose the best cir
and risks of a bad geological evaluation.

common consequence of misuse is increased cost
the case of inappropriate circuit typology selec

of the geother mal system. Someti mes, the econol
I be rejected. A poor knowledge of the ther mal [
worst option can be in the case of underdesign.
few years of operation. Mor eover, an incorrect
azards, some even with penal consequences.
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5.1. The future

Future evolution of this matter wil invorebabedt banggr

geot her mal des-agd. l-shonagleee dpruanj ect s, their

knowl edge wi | | be compul sory inside a multidisciplinary
haviour, ther mal storage ability of the project site or
pletion sketch of the borehole wildl be a specialist tas
pl oyed and adapted to i mprove bore field design and worKk

5.2 FURTHER | NFORMATI ON
Bi bliography

Many geot hermal design handbooks dedicate at | east a cha

Websites

European Union countries have a wide net of geological s
geol ogi cal and hydrogeol ogi cal information, water spot d
ter temperatures, hydrochemistry, etc.

See: htt pomaAl wowvwdehFB/ Geo/ Geol ogi e/ GeoSurv. ht ml

Ot her associations of interest are:
I nternational Association of Hydrogeologists (I AH): www.
Nati onal geol ogi st , mi ning and ci vil work engineering as

these topics.

Seentt p:// geol owmhyeraeb oywad u c wiml | find a | ot of geol ogi cal

geol ogi cal | essons.
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Chapter 6

SHALLOW GEOTHERMAL DRI LLI NG ME
By Ol of Ander sson

1. I ntroduction
Shall ow geothermal systems are commonly drilled to a dep
|l oop systems or wells for open | oop systems.
It is assumed that any driller working in the field of ¢
ence and/ or by education. However, at present, anybody ¢
with approved certificates for drillers in any of the EU
Depending on the geol ogical conditions and country speci
and drilling procedures vary substantially from country
1 Drilling boreholes and wells is an art that |rel
and experiences gained under many years
1 The occupation requires a broad knowledge about
hydrogeol ogy, safety, fAhot workso, enterprige a
About the occupation being a driller the following chara
In this chapter an overview of optional drilling system
and procedures between countries and regions.
2. Why should drillers and installers care about differe
The wutilization of the underground as a ther mal energy r
few countries with a I onger tradition, such as Sweden a
shall ow geot her mal and hence the experiences from these
op their drilling methods. This wild/l of cause be in favi«

perspective be the basis for a common EU certification p

3.Classification of drilling methods
Drilling is a process where certain tools are used to c
The drilling equipment is fed by energy, often obtained

efficiency of the process vary greatly and depends on h

and how much is energy |l osses in the process. The

Geotrainet GSHP Manual for Drillers N H
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energy is not only used for the drill Dbit to penetrate t
bit (thrust) and the resistance against rotation (torgu:
the surface. By regarding the process of destruction, th
ing equipment, the most common drilling methods can be d

Gravi t (Thrust Thrust (Thrus (Thrust)
(Torgue Torgue Torgue (Torgue)
Percuss Vi bration
Lifted Flushed Flushed Lifted ¢ Core barrel
bail e or wate water o transp:

Air or wat el

Push aside

Crushir Crushing Crushin Sheari1 Push aside
bl ows frequen pressu Crushing
stroke: (Jet ti (Jetting)
Figurel. Description of common drilling methods based on
4. Method descriptions and evaluation
4.1 Cable tool drilling
The cable tool drilling originates f6rO®dmy@lairrsa awloer d ti tb ew
met hod in Europe when drilled wells became common for w;
met hod wup till the 1950:ti es: I't was then gradually r1ep
met hods.
I'n shallow geother mal drilling it is stildl occasionally

such as river beds and eskers.
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4.2 Hammer drilling with air
Hammer drilling using pneumatic top hammers was introduc

construction ¢éhroillel idnrg ldndigblianstt he mining-ThedHet ey (DTH)t
was introduced for water well drilling in hard rocks. F
efficient drilling methods and is commonly wused for dril
sedi mentary rocks. The meBhaddi sawioam nahi ealgd i ar eBaa | Wi tth
Pal aeozoic sedimentary rocks at the shield border. Howe
especially in regions with consolidated rocks. A typical
figure 2.

Figure 2. A drill site with hammer drilling showing the
from the rig.

The DTH hammer is by tradition driven by compressed air
the size of compressors had about 10 bars working press
common to use compressors with 30 bars, whidhOmakes$ nt de i

granites and gnei sses.

The rigs designed for hammer drilling are no2malimyt bapahb
be a practical depth | imit for drilling closed | oop sys
geol ogi cal structures such as hitting tectonic unstabl e
entering high permeable fractures. I n such cases the air

Geotrainet GSHP Manual for Drillers 0 n
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used to carry the water up to the surface | eaving |l ess p
further drilling is not p29siblse at a water production o
Drilling in sedimentary rocks wild.|l not be possible, unl
|l ayer of unconsolidated silt or sand in a consolidated
hydrostatic pressure towards the borehol e. This wildl in
the depth Iimit for inserting a borehole heat exchanger.
An advantage with hammer drilling is that the holes can

made from al most the same spot forming a‘°arred asngrhet isnheasp euw

more common is to direct th-80 bolrheihso!|heass wbietcho naen caonngnioen offo
applications in cities with a |Iimited surface for drilli
Hammer drilled boreholes wildl in any case never be perf

show a deviation at 150 m t-B@t mtyphcallyg 0o icmuslkee aohael

consists of densely placed boreholes (BTES). Under such

causing damages. This problem could at |l east partly be

drill string.

Anot her danger with closely placed boreholes is that fra

pressure used at drilling may cause damages to already ¢

typical for not grouted boreholes in Scandinavi a, but wc

observations using DTH drilling for shall ow geother mal

1 Rocks with fractured zones may cause stabild!i
for placing the collectors

1 Hitting permeable fractures in the rock| wil/l
in worst case make further drilling I mpopssil

1 Getting rid of produced ground water ang cul
and costs

1 Systems of fractures may create pressure br
ed boreholes (BTES especially) and cause¢ di i

T I n BTES applications with deep boreholes, s]
avoid -tolbsespenetration

4.3 Hammer drilling with water

In | ater years a hydraulic water driven DTH hammer has

drilling market (Wassara), preferably in Scandinavia. So

of the method in figure 3.
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1 Devel oped by LKAB in the 1990: i s

T Mostly for Dblast hole drilling in the minin
1 Wor ks with hi gh2OpOr ebsasrur e 150

T Cl ean water has to be -fusle/ds at a flow rate o
1 Cleaning and recirculation of the water|is
1 Drilling Rate often higher than DTH with ai
1 Drilling Cost, slightly higher than DTH| wi't
1 Mostly used for deep boreholes (> 200 m an

Figure 3. The Wassara system has water driven hammer usi

Since the Wassara method combines the efficiency of perc

|l ising overpressure in the borehole such as in the conve
and more used for shallow geothermal in Scandinavi a. Esp
and in regions with younger sedimentary rocks.

A Ilimiting factor with Wassara is that the flushing wate
of silt and upper of clay. A system for cleaning the ret
tem fully compatible on the market. Hence, the consumpt.
stacl e.

4. @onventional rotary drilling

Governed by geological conditions, conventional rotary i
rocks. I't was originally developed-iamr |l gi I19@0mMd amalt breala mg:
met hododo, and still is. The method was scaled down to sha
replaced the cable tool met hod wor !l dwi de.
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I n consolidated sedi mentary rocks a three cone dAroller |
For drilling in soft rocks another type of drill bitt i s
bott om. By flushing a fluid through the dril!l rods and
cuttings and transported to the surface in the annul ar

cleaned by separating the cuttings from the fluid wusing

sedi mentation pit. The fluid is then and recirculated ba
the fluid is circulated the other way around (reversed
straight circulation method is practically always used a

Figure 4. Conventional rotary drilling and different bit

Depending on geol ogical and hydrogeol ogical <conditions,
in order to stabilise the borehole (prevent borehole col
are entered. A common such additive is to mix the water
|l oop systems, bentonite should be avoided and replaced
polymers (CMC). A fluid with additives that changes its

The rotary method has several advantages compared to hat
the borehole can be kept stable by the hydrostatic over
hydrostatic pressure in the formation. This is of cause
such a case the fluid can be made heavier by adding for

the density of the mud. On the other hand an obvious di:

be comparatively slow, and in practice not even suitable
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Common problems and observations drilling with conventio

1 Rocks with fractured zones may cause stabildi
for placing the borehole heat exchanger.

T Hi gh per meable formations will cause | os|s of
perfor mance.

1 Hi tting artesian aquifers may cause the [bore
ending with a stuck pipe.

T Most of these problems can be solved wusi|ing a
based on bentonite

1 However, bentonite mud should not be used fo
pol ymer mud ( CMC)

4.5 Auger drilling

The auger drilling method is based on a well known way o

is commonly used for geotechnical site investigations,

shall ow geot her mal applications to a moderate depth.

I n principal a screw is rotated down the soil and either

commonly) the materi al is automatically transported by t

Figure 5. Auger drilling that in this case is done with
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For shallow geothermal applications the method may be u-:¢
systems penetrating fine grained sedi ments. For drilling
4.6 Sonic drilling

The sonic drilling method is fairly new on market, even
penetration is a high frequency vibration that is transf
of the top hammer met hod, but with the distinction that
The method was originally developed for core sampling |
developed also to drill open holes in almost any type o
possibility, ether by air or a fluid. This makes the me
situations. However, there are no experiences stated in
applications.

Except for the flexibility when it comes to handling di
advantages with the method. These are |l ess maintenance,
to hammer drilling methods.

5. Overburden drilling

5.1 Temporary casing

I n the majority of situations shallow geother mal dri |1
place a casing before continuing with an open hole in s
close to surface. I f so, a casing could be replaced by
into the ground.

There are two kinds of casings that are related to the
One is the temporary that is thread connected and typic:
just below the casing. This is the standard method for
suitable handling rotation of both the casing and a dri
string and a ring bit at the end of casing. During dril/l
water .

I f drilling is made by conventional rotary, the casing c

is then hung down to bottom of that hole and the open ho

Geotrainet GSHP Manual for Drillers N
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After grouting, the casing is withdrawn and disconnecte

zones that were cut of by the casing during the grouting

at a |l ater stage when the first grout has hardened.

5.2 Permanent <casing

I n Scandinavia permanent casing is used. According to tfF
meters into a firm and water tight rock. The casing is
EXcentic bit (ODEX), se figure 6.

Due to the forces involved using the ODEX method, the ca
the norms, the casing has to be sealed at the | ower end
hole. This is of cause for protection of the groundwater
| ar between the casing and borehole wall, a space that

seldom the whole way up to surface. The common procedur e
then Iift the casing 3 m and let it fall back again. Fin
the grouted space. After that the drilling of the full h

Casing extends
to the surface

This portion folds
away fo fit back
inside the casing

Figure 6. Principal and equipment for the ODEX drilling
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The ODEX method that was introduced during the 1970: tie
of other equal met ho&X,, sawnadh S¥MMEURE X, NOe two | atter on

ever, they have all/l in common that the casing is driven
Read mor e

Australian Drilling I ndustr yThée rmdmualg dfomvhetth eds , 198®Bp!l iD
ment CRC Press LCC, 1997.

Tuomas G. 2004. Water Powerlewl ePerlernuisvse rvsei tRyo cokf DiIreicl Hnionlgo g
2004: 58.

Homepagev. groundsourc2ftewitomes . $@mi ¢ Drilling Works.

Geotrainet GSHP Manual for Drillers  p M


http://www.groundsourcesolutions.com

.\.;-"~--4\';::‘,'f IVN.lTEL.LIGENT ENERGY
TRAINED SECTI ONegB v Rore mm
Chapter 7
Test drillings and measur ement
By Ol of Ander sson
1. I ntroducti on
A | arge shallow geother mal system contains a number of
Ssystems. Before the actual construction it is of cause
the underground at the site in order to avoid costly fai
in any | arge scale shallow geother mal system.
2. Why should drillers and care about test drilling
A drilling or installation company must be aware of w b
illustrated in figure 1 a proper test drillings wild.l g
essenti al for the design of the system. Test hol es wil
potential drilling problems, thus making it possible to
*  Testdrillings should be performed urespeoueet | aex 13 ysat or
in an early stage .
®  The evaluated results are essential FEASKILITY ATIONLIG | GELOORAL
for the final design but also for > MOOELLING
permit purposes PREDESI SWULATIONS
— There are large differences on the
testdrilling procedure if its done SR oricn i il [
for closed oropen loop systems {TTIATI .
DETAIL { | I/ l LFFICENCY
. The main parameters forclosed DESIGN L CPTIMZATION
|OOP systems are galnod by TRTIn CONSTRUCTION C CONSTRUCTION | PROPER FUNCTICN
the tast_holo ERE4eS METHOOS L | encer
*  The main parameters for open loop PN - ] bl B
systems are gained by pumping
tests TRIAL RUNS D OPERATIONAL LR
*  still,in both cases the geology sl Beo ool B,
has to be documented while drilling NS [SACAR | Narewce
Fig.1. A large scale shallow geothermal system should co
3. Potenti al measurements during and after drilling
During drilling the test hole a number of parameters ca
have a proper description of the geological |l ayers that
contractor to collect and deliver to the designer. The p
principally shown in figure 2.
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WHILE DRILLING MEASUREMENTS
(MWD) A :
Sampling & [ i — Geophysical logging (GL)
Cuttings |77777/W7 Natural gamma
Formation water iy C alipf:r
Drilling fluid Density
MWD Porosity
Hydraulic Tests i Resistivity
Hydraulic head Self potential
Loss of drilling fluid 2% Hydraulic tests (HT)
Continuous capacity tests
ey S e Pumping test
(air lift) E']. !_l_._i Slug test
Drilling Parameters Flow meter logging
Dacrk
Penetration rate (ROP) Packer test
Thrust (WOB) In situ Thermal Test (TT)
Tor.qgc Thermal response test
Rf“""_o" SP‘,":d (rpm) Temperature profiling
Working (air) pressure
2 . - Sampling for Chemical
Field Chemical Testing Analyses (S)
Electrical conductivity
Redox potential (Eh)
pH
Fig 2 Potential parameters that can be achieved from a
Parameters that is possible to document while drilling c
cuttings would always be an tem as wel |l as measurement s
After drilling and completion a number of different tes
ot her cases as a third part service. For closed | oop s
response test (TRT) in order to estimate the ther mal p
di fferent forms of pumping tests are carried out combi ne
4. Pl anning a test drilling
Depending on if the system s for c¢closed or open |l oop
di fferent when it comes to the content, However, a gen
boreholes would be to follow a certain procedure in ord:¢
order to design a system.
Al ready at an early start it may be of i mportance, even
project in order to understand why test holes are being
di scuss the test drilling program with the designer i n e
Geotrainet GSHP Manual for Drillers p O
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have second opinions on the work he is asked to perfor,
cooperation with the designer.
1 Find out the order of heating and cooling | pads
and distance between test wells or borehol esg
] Verify the surface ground conditions in order t
spots
] Find out the geolgpagdlcmdi aald comrddioti ons in thHe al
drilling.
Lii Based on the information from the above poinpts,
umentation program
1 Finally, make sure that the | ocal regulatiops a
required, that drilling permits are in ordef
For investigate the geological conditions at site it is
countries. The way of finding information is illustrated
1 Topographic, geoljogica
hydrogeol ogi cal map s
q Existing hydrogeo|l ogi c
investigations, gleophy
included
1 Survey of wells ijn the
(archives or data| basi
1 l nvestigation of |prope
boundaries and | ajnd us
T Checks on constralins o
obstacles to use |[groun
the area
Figure 3. Consulting geological maps and other existing
drillings
Geotrainet GSHP Manual for Drillers  p n
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When it comes to planning the documentation progr am, t
applications.
1 Stratigraphical units by samples of cuttingp (al
1 Grain size distribution in the aquifer by dense
of cuttings (mainly open | oop projects)
1 Special sampling drilling methods may be rejquir.
(only open | oop projects)
1 Rate of penetration, preferably as a functijpn o
1 Air |ift capacity as a function of depth (af/l p
1 Loss of fluid, | evels and amounts (all/l projects’
1 Static head after drilling (all projects)
1 Water chemistry (mainly open | oop projects)
5. Methods for geo documentati on
Depending on the drilling method used in the test drill
and measurements will also be of different qualities. 11
much easier and have a higher quality since the cuttings:s
Sampling at conventional rotary drilling and straight f
time and the cuttings from different | evels wild.l be mi xe
One simple way of having better sampling quality at co
cuttings by interrupting the penetration and only fl us|
interval been drilled before the interruption. At a dep
By have an interruption time of approx. 30 seconds wil/
Drilling with air and entering water hol ding fractures
borehole and be Iifted out of the hole together with ci
hi gher the flow rate. This situation can quite easily be
depth The way of measuring is done by Il etting air, cCu
water l evel in this. Before adding a new dril/l rod the
compressor wil|l pump out any water entering the borehol
measured for a minute or so and plotted in a diagram. T
the order capacity and is therefore very informative for

Geotrainet GSHP
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The same type of measurement can be made when drilling w
measured in the return container used for sedimentation

pump stokes must also be known to have a good measur emen

The rate of penetration (ROP) is a function of forces us
drilling) or Air working pressure (at hammer drilling) i
tion of the | ayers being penetrated. This information ca

erties and are therefore of great value.

Drilling Payameters

T Rate of penetratipn (ROP)

1T Rotation speed (RPM)

Tabl el. Drilling parameters that ca

T weight on drill batnd(\/\é(')r'?’o)per drilling procedure

T Rotation resistanfe (Torqgue)

T Fluid flow rate (BpPM)

T Air working presspre (Bar)

Most process parameters can quite easily be |l ogged with
cluded. The torgue is closely related to WOB in rotary d
air pressure is the dominating parameter for ROP.

6.0 Examples of test drillings

6.1y ONBAadlffAYyS NBOJ

In figure 4 an example of results from a test drilling f

made for BTES system cover i rbg 04 nbTohree hnoul neb efri |oefd boofr eahpopl reosx

to depth of 170 m. The space between the boreholes is a
As can be seen on the figure the dominating rock is gra
gravel and sand with clay on top.

The test holes were drilled with air flushed DTH, and ¢
measured each 6 meter. After drilling and before insert
out the permeability of rock fractures and the hydraulic
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Capacity test

-Durati on: 120 minjut es
FIl ow rat e: 2 |1/ s

-Draw down: 3.65 m
-Del ta s 0.8 m
Kvalue : 0,2 mm/ day

-Connection to UB2 establ

Fig 4. Resul ts

A coupl e

borehol e

Based on

and coul d

6.2y ASRAYSY(l NB

from a

storage.

resul ts

fairly

The ot her

rosity as

The | ocati on
Al so this

were dri

Geotrainet GSHP

exampl e

DTH dril

drilling for a BTES plant in

completion of the boreholes bot

the test holes the driller ca

mate the cost of drilling in h

test drilling in a | imestone

fracture systems.

south west Sweden, a city with
Il ed for an | KEA store in o
with air. The results from

Manual for Drillers p T



