
TRT: how to get the right number
HEcurent9 obalclimatedis@$ion hat
{imulated enormous int€rcst in energy
savingi and 9reenho!se9as emiss on9.
red!cing technologis. One of these
lech.oloqie5,.nd o.e rhat is.apidly

Thermal response testing for borehole heat exchangers - a
validation of assumptions by Dr HJL Witte of Groenholland BV

the neasuenent as an additiof al themal rcsina^(.
ForrhellTthe infinite l.e!oufce i5 defined a3

I o -e;-r4,firl ,) ra ,,Dt_,.

gainin9marketinterest stheqround'sourceh€at
pumpforheat nq and coo nq housesand offcet

With a poperlydes gn€d q@und'sourceheat
pump system, pimary enelgy and.arbon emis5ion5
.rsoc ated with space heating and (oo ing can be
redlced by30%or more. Mor@verthepopulaiityof
these $atems i! notdletoene€yetriciencyalone.
Otherchara.te 5ticofthe5e 3ystems,5uch a5 the r
r0burtne$, low malntenance cost and very lon9
liferpan are often sufiic enr rca5onsinrhenown ight.

Thevenical bo@ho € heanexchaiger(BHE), used
as a $ehal.source o.therma 5iik offe6 ma.y
advaf ta9B for the heat pump over oths media
iuch as 9rcundwater or airTo rhermally activate the
slound, a heat ex.hanqer, !s!ally con3isting of a
nurnberoihighitrength PEl00 oops fserted I
holes dnlhd to deplh5of50l50m, is needed.

The BHE pbvides the inledace berwen the hear
pumpand theground, and that c whercgood
design L needed arth€ functioiing oftheground-
eneqy stoG, 6i w€l a5 the rotal con of the ryn€fr,
dependsto a large e{ent onrhe BHE.Ihecav€at is
thattheene,gyfow intheground is re ativet slow
Thisallowslhe grcurd lo b€ used d5.naccumu ator
of themal enelq, butal5o limitsthe inrtantaneou,
(apaci9 (due to thedal build !parou.dthe hear
erchangerjand may inoeare boreho e ntedercnce
(d!etothermalboild'lp in the nore htelfover
lo.gertime peiodt. r al5o mean3lhatthehear
eKhanqscannot be sized on capac tya one.

Let! fi6t like a c ose.lookathowthe ground
$o€ functions a.dwhanhedesiqn queuion k.

HOWTHEGROUNDSTOREWORKS
Thetheimd oad isa rcsuhofthe heatgaineand
heatlo$esolrh€ building.l. genecl therew ll bea
denand for heat in the wint€rand d demand for coo
in slmme( Duingthewinterth€ grcufd wlll.oo
down as heat is extEcred,whilein therummer rhe
grolnd t€mpeGture incrcase5d heat i5 reje.led
ntoth€ ground, Depefding onthe balance between
heaun9 and.oo ing, there is notonlya 5easonal, but
also a temp€larurc t€nd ov€r the yeaB,

The temperatu.es o(culnn9 in theground arc
lmportantforfte function n9 ofthe synem, borh in
the sho(a.d th€ lonq tem, arthe pedomancand
capacityoithe heatpumpd€p€nd5 toa laqeextent
on the9round Gouice) tempeGturc5,

For every K ntemperaturc change theco ellic ent
ofrhe perfoman.e of the heat pumpwill.hangeby
about 3%.lheEfore, itis prcferable to choosethe
snalle5t llowen in cost)9rcund storc thatde lver'
within rhe accepted tenpe.at!re bandwidth dudng
ihe opeBtional lifespan ofthesynem.ln this wat
the loig iem, aveGgedesign performance oflhe
heat pump inltal ation i5 wa@nt€d.

Temperatul€, in the BHE vary ar a rcsuh of heat-
pump cycllng and po$ib e diu.nal loading
(limeframe ofm nutesto hou6;rpat alscaleof
centimet€ts to decimet€u). On this 5cale, rhe
capacityotihe borehole heatexchange. it impoft ant,
as a rcsuhoithe5€asona loading (rirnescaleoldayr
to months;spatialscalesofnellet and as a resu t oi
$eyeadybalance {iime(alebeinqtensoty€a6j
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spaiial 5cle !p ro hundrcdi of meret. A I of rhere
tempoh and spatia s.a es need to beconsidefed
duin9 thedes 9n pb.e!s,

In ,ummary, lhe dsign olthe bo€ho e heat'
ex(han9er sysen hinges on thre pl ncipal

I What isrh€ energy load onlhegiound?
2 Which heatexdangeiand borchole

construdion ischosen?
3 Whaiarethethemal p.op€rties otthe qround?

Ine fi6t quenion i5 derlved from the phy5ica
bli ding propedes, bu lding us€andlocation,The
di!rnal. Fahnal and year yload pofile, aswellas
thepeak<ap.chies, arcneeded.The second can be
eigineeEd, baedonthe requned paEmetets and

Thethnd qlrestion will be very dilli(ult to e5tiilate
with sufficientaccudcyfrom g€ne.al p.i.ciplesor
from availab e 9eo109kal data alone.Th€ rherma
properties of the 9ro!nd are rhe themal capacit,
lhe undinurbed tempeEt(e polil€ and the rh€rmal
conductivity. Wilh rcspe( to the l.ner, it .eed5 to be
rea sed thal it s a$lmed $at the ma. processof
heattransportiscond!clivity(a.d not, forin(ance,
matsrnnspon dueloco.vectionoradvedion) -
u5ually, b!t(€ftalnly nor a way5,thii wil betheca5e.

Final restabl shing the miualrhermalconducr v ty
of a sp<ilic depth pofile squitedifficu taerhe
va ation withinvinually similar3oil/sedimenvrcck
types is verylarg€ due torhe effectr of waier
content, pore spacinq and packlnq de.s ty, fEctlre
parcrns andotherphenomena infl uen(inq heat
conduction. U.aoft unar€ly, a 96lo9ica tomation,
even atthedefined levelofa type ocalty, is not very
homogeneouseven in the beit ofc rcumnances.

THERMAT RESPONSETEST
Thelhermalrcspofsetest (TFT)is based on the
premi5elhat th€ temp€Gru.e Esponse of a mare.ial,
when a therma enerqyflux (torcibly heatinq o,
coolng rhe fiateia al a ce.tain ocation)isapp ed
i5 proportional ro rhe rhermal cond!ct vity of the
mateial.fti, reration L expretsed by Fourie* law of

i, :Thedralconductivtylwm()
VI :T€mperaueg6di€nt(Kl

Using Kelvin's in€ source, a merhodcanbe
devised to measure thecondu.t on ofa mate. alby
a needle pobe {va. Haneqhem,l98l), wherc the
needle isinsened in a marerialand heated.Tne
temperaturechanqeoithe need ecii be mear(ed
and ured to ca clrlate the thermal conductivlty of the
mate al Tnis method it used in th€ laboElory but
alsoi.a9 (hu6lsrldie5 ro deteh ne condu.tivity

ln 1983, Mogeson wa5 thefi6tro proposesuch a
t€5t for the in'situ measulement of g.ound th€mal
conductivity using a borehole heat exchanq€. n this
casethe5pat aldim€ns on ofrheheedle (boteho e
hear ex.hang€r)cannot be iqnored and i5 reflectedln
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Thi, form!la ir valid when:

Therherma condu.rivitycan be enimat€d frcm

-G. ,6  r  \ \

WheEthe p6Gmeterlkl equali rherlopeof a
near reqression of tempef dlure wilh logar thm.

time.When / ha5 been enlmated, the bo.ehole
rciistance(Rb)can becakllat€d using the llne

In l995,thetwofirstrea i s tu r€spon5etens
(type I re(t were developed in the U5 (Austin, I998
and Swede. lEkldi&Gehlin, I996).rhesetenelse
dn*t h€at n9 ofa fluld pumped throughihe
bo€ho e heatexdanqffai a the.ma forcing.
With lhis mehod some ploblemswe.eforcseen,
ruch asthat ofnainiainii9 a con5tant powerl!r
and con-vection eff€<E duetowater heat n9ln
the borehole.A so,asthere$ usesheating,the
exp! ment condition5 arc obviourly not conparabr€
toa h€at-pump sFtem ope€ting n heat extd(on

In l99ZGrcenholhnd (van Geldereral 1999.
wrre et al 2002) p@senred the fid tesr Gpab eof
both heating and.ooling (type lltest).This ten
machine used a reveuibleheatpump togenerate
theheating orcoolinq po@r, a.d employ€d .n
aclivecontro syn€m (usingathree-wayva ve rnd
IfeqLrency contrcled pump)tomainta n rhe
rcqui€d ene.gyfluxtoa high p.ecision.Al3o 1r
includedfull telemetryto both (ontrcland mon ro.

Io bener rhe quanrit effed5 or Eoundwate,
flow' and otherpb.esFsaffecting h€al tdnspo^ -
the9round,lh 5 rest wa5 s!bseque.tly er€nded
inro a mlhi pu se ten {type ll ten) 6 f9 a i€quei..
olhealinq and coolinq p!lses atseveralenergy



eveh (Wine & van Geld€r,2006).Obviouily, such
ten results cannol beanalysed using rh€ slmp e
ineso!rcemode butar€eva latedusinq
nve6e.umei.a model n9 with parameter

h the.la$ical type rtest, thetenperature
GspoNeofrhe q@u.d an be pan[ oned, as seen
in fgure I Thefl6t pan oftheten reflect5 the
nans ent boreho e rcsponseand !notused.The
juirpfrcm the und nurbed temperalureto the 5ta(
olthesreadyiatetemp€Gturc in(Gaie Ba
measure of the boEhole ihermal rc!iiance Thi5
a ready imples,1|om the lnesourceiorm!la, thata
vefy good menu femenr of rhe ufdi5tubed groufd
rempe.atueis mpoftant.Thefinalpan,rhesready
nale remp€6rurc in(rca5€, aclually mea5ures
qround thermal conductivity.

A numberot mporianrissues.re:
I select nq a heal flux that is large enough to

suffc ently forc theg@und lachiev€ good
5i9na ro no se rario) dnd also al ow 5uffcient
measuremenr rime (norioo rapid thermal
saruEtion). Typ (al raies are 30'l00Wm.

lobtain nq a sufic ently accurate soi-tempeGlure

I Ensuriiq a good.qua ityborehol€ heat €r.hange,

Moreover dependin9 on wherheran a..urat€ as
p05sib e menurement of so thermal cond ud vity or
a chara.rerisation ofa 5pecificborehole iBta ation
a5 installed i5 req!ned, thefolowing mayapply:
I Seledi.q te5r parameie6to esemb eactual

p anl opeGrion ldifierentextad on/lnjecuon
eves,cy. n9 etc) or in.rea3e a(ura.y.

lDes 9n boreho e aid €rps ment pa,amete6for
lowen bor€ho e resisiance or besr resemblance
to e.9ineered borehole d6 9n.

The tens, in the n<amarions prev ols y erp a ned,
have been ii use for over a decade now with
grear 5u.ce$.over l0rendpparatusae now in
useworldw deroutinelyand de iver impoftant
informationtodesigne6on5oi lhermal
conductivlty, soi -hear capacity' s!b5!dace
temperarure profi es and geothemal hearfl ux d
well as borehole hedr'erchanqef themal resistan(e.

Howev€r astheTRTevolvesfromatoo used by
5pe(ia ists with a fundamental undeEtanding olrhe
processes invo ved to more3tandard meaturement
methodo ogy, the standard eva lario. m€thodsfa
shoft. Mainly, the b65ic asumption5 thar rhetest
make5, and the limnarions on conf grarioni where
therest may be used,are not slffc endyaialysed or
co.s dered in the standard evaluat on method.

IIMITATIONS
TheTRT i5 a nea3u€ment pro.ee5,which, ikeany
measu.ementi hd5 a certain accuracya.d preckion
thatcan b€ natist callydefined Thedefinition of
seisor eror sfaniy straightfoMad and state of
the'a.t test eq!ipment achieves theoretical accu.acy
ollhesoil themal (onductivity measuEmentof
betterthan l0%. Howevef, the.€ are nany p.oce$es
affecting the accuacy of $e measurement bes des

Thed scu$iof oi all iour.8 oi ercr in aTFTis
beyondthe5copeotthii paper, burrh€validityol
even a perfed(erortrc€)TRTexper ment depends
onanumbero f fundamenta  aB! f ip tons tha t
&e made concem ng lhe prc(es! ofheattnnspoft
ithesea$umptionr do nothold, thelest resulrs
may be ina.curate, bias€d or even compleiely

PRII{CIPAI. ASSUMPTIONS OF THE
INFINITE LINESOURCETEST
IThe bor€hole heat exchanger lested.an be
con5ider€d ar an in,i.ite line source
Thefi6tassumptiof to be lested is ifth€ borcho e
heat er(hanger <an be (onsid€Fd to co.srhur€ a
lnesource, n qenera,a borehol€ heatexchanqer
had a ength of 80 l50m and a diameterof 0,l5-0.20m
These dimensions can betlken as reasonab yc ose
toan intin te rne sourceas the edge effecB at the top
and bottom ofrhehear exchangercan be ig.ored.
Also, the eflecB ofih€ s ze ofthe borehole and pipe
aranqemenr wilhin lhem can be iqnored after the
fi6t iew hou6oftheien have pdsed, and the bore
hol€ 'vall(an beraken arrhe sour.€ ofthe heatllux.

Ho'lever orheftypes olheat€xchan9e6 (an be
tened. Erample5are preiabicated loundat on p ler
or n 5iiu (onnructed iouidation pi-4s.The fnn da$
usua ly conrn oisquare,con.rete.on5tru.t ons in

"Depending on the
balance between
heating and cooling,
there is not only a
seasonal, but also a
temperature trend over
Ine years

whkh a numberofpolyethylene p pd de
lntegrated durin9 mdnufadurln9 These.ond d6s s
eitheraugeEd orexcavaredloundation elements of
la|gerdiamer€6.A numbsofpolyethy ene p pe5
ar€fxedro the rcbarbeforerhe concrete 5poured
in . lnbothcases , rhe l€ngrhof rhep i le i5  im i tedand
@mmon lengrhs  ra fqe  be tween I0 .25m.h the .ase
otthe injnu piles, often thediameterisquite arge
a5 v/e | (1.3m).IhercIore, rher 9
b€ con5idered equivalent toan inUnire line sour.€
and the effe(ts at the top a.d bottom oflhe
e emeit, atwellas the larged ameterand large
if terf al h€.r capacity,cdnnot be iqf ored,

one(an ina9inethar rheadded effecr oi
downward hear$anspo(atrh€ end ofa relarively
sho( hearexcha.qerwllladd a v rtua ength to the
boreho e heat ex.hanger and therefo.e ead toan
overertimare of theio I thef ma .ondudivity. 0n the
other hand, nearthe slda(ea re atively laqefpart
ofthe heat exchanqs may be in unsatuared soil

with owerheat condudiv ry leading to an
u.derc r t imare  o i the format  on jpec  f  c .ono, :1 . ' ,

For  the  arge 'd  ameter€nefgyp les  comp. : : : :
con<rere  w i th  a  h ,qh  heatcapac i ty  and denr : ,  " .
themal5to6ge efle(.annot be n€g ecrec -

generalthBwillaga'n l€ad to anovercsr o::.:
therma condu. tv r ty  Fo f the5e g
ana yti(a so ut ois have been dele oped lBar::, "
a r ,2008) .

5o  faL  ioa . tua i  ca lcu  a i ion  o t rh€  mln imu-  - : :  :
D ,L ,be tweenrh€d 'amerer (D)and lengrh  L  :  - - .

borehoeheaterhan9erhasbeenpropor€c  :
5eemsreasonaberoa$!me,however , tha ia :  -
<0 005 is acceptable Foi a loom-deep 8HE s. :
diam€r€rof0.2m,lhe D1L isabout0.002. A t!-
boreho leexchangerwi l  haveaD/LoIabout :  : : r
Ai energypll€ wi havea D/L >0.0125.

lThe conductivity of the soil i5 hot.opic
This 5, e5pecially n 5ed mentary (!nconso ld:r.:
types of96 09, hadlyeverthe ca5e.Th€fo.r:: :-
.omallycoB nsof a sequen.eof d fteent
matef als lsands,clay5,9rave s, pear etc)with
variousthi.knerse5, whereeach maieia has r! :,'_
p.operti€s. Forinstanc€, d!ero pickln9, the,? -:,

bea diiectional p.eierence,similirrowh.ris ic-':
wirh hyd6u (conduct vity. Moreover, often o. .
part otthecomp etevedca p@flewi bevrai.-
saturated. other siruauons oft en encountered ari :
9eoogi.a protile con5i5ling ofhard rc.k, wearf:..:
rockorconsol dated mateialtwith an ovelbu,.:-
of ooseor sedime.tarymater als,often with ea:.-
bea r n9 aye6 or seepage. l lomogeneoG 9s oq ::
p@rlesare norma yrhe except on.

f of theTqT dnd measurementoithethema
cond lc i i v i t y , theva ia t ion isnotagrca tprcb€t r '
rhe spec fic therma coidu.t vity ofthe profi e !
needed. Forthe des 9n ofa bofehok heat
exchanqer therefofe, when rhe tesr heateKhang€,
5 instaled to a s m hr depth asthe prod!.t o.
bo.ehol€,theTRIw lly eld v.lue5 otcond!.r v{J
thatcan be used d recdy in the design softwac rl
th s G notthe case ca.e shou d be taken.

lf,Ior nnaice, the deeps pa^oflhe prof e 5
composed oia layer ofmarkedly diliercnt
(onducti!iry a.d rhe f .al borcho e heat exchan_oa
depth is l€nglh€ned 5i9n ficant yGpe€ renrkr ons
on sire) thi5 may re5u rinan undendesi9n a5 ihe
spec  f i c  conduct lv  tyva  ue  used w i  be toohqh

Conve6ely, fa ten is psfomed on a rhon
borchole{wirh, fof instance, a peatyorclayey (o!:,
layeforwsaturared soil p@file on rop),and t
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t subsequentlyrhedepth of rhe heatexchanger is
incleased,an overiesiqn hay Rsult

Foran lihomoqeneous soi prclile, itis po$ible to
der ve.ondudiv tyvalues fo. indlviduallay€u
thro!9h add tional temperat!G measuremenB at
thesedepths.Thesecan be obtained in ditrerent
eayt tuch as fi ber optic temperature measuleme.G
inrhe heat.exchangerpipe!. Nowever, a though it i5
po$lble to m€a5ure the dlffere.t tempeEtule
rcsponsesi ir i, u5ually not a: easyro mea5urethe
temperai!lediffercn.er (and therefore pow{ Eiet
at tho5e different depths. lt is therefore fanly
tt6ighdokad lo measurc dilfeences beMeen
ho zons, bul not ro ealytoacclratelyquantify

lPoce$otheatt6nsp.nh by.ondlction only
Tlisisa keyassumption asthelinesouKetheory
whkh.lows u ro mea5urc condudvity with the
TFT, aswellas the actua rcsuhobtained, depends
on it. N€xi toconduct on,rheheat transport p|oce$ej
thar occur are due to mass nansport or radiation.
FadiationoccL6 atthe 3udaceand can add eneqy
to the ryst€m duero in.oming radiarion fiom lhe
5un, whileene€yis being lost du ngrhenighrdue
tolong'waveEdiauon Onlheumescaeofthe
exper ment,theetrect5oiGdlation on norfta ly

Ma$ t.anrpon in rhe 9round (cuB thrc!9h
goundwaler flow We .an distinguCh 9rc!ndwaler
flow in po.ourorfnctued media.ln porou! m€dia,
all h€at exchangeE in an area w ll experience morc
or es! the 5ame groundwaterflow, and thegro!nd
waterflowisfanlyconna.t in thelayerwhe.e t
&.uu {alihough mark€d difierences between layere

LateEl Eoundwater llow or advecrion, occuA a5
a resultoid pre$ure qEd e.t.Theamounr ofwarer
thal can flow through azoned€pend5 on the
prc$!.e difference and hyd.aulic conductivit,
exPre5s€d i^ Ddcy3 law:

Q: Darcyvelocity nh
K: Hydraul c .onductivity m/s
vP: PresluEgGdient

neacrual velociiyand leng$of path tGvelled
also d€pend on the porosity, The Oarcyqrcundwater
fi owdivided bythe porclity givesrisetotheeffective
groundwaref f o* Forf ra.tued media, rhe
cku arionof qroundwaterflovris much more
(omplex. For a large volume the avedge groundwater
flowinf,aduGd medh Gn be cakuiated lsing an
eqlivale porosityte.m. Fora bo€hole heat
exchanger howevei it i5 mLrch mor€€l€vanr fit
'h tr'a fEctur€ or not, wh ch ls a malter of a
probabil tyrhatd€p€ndson thefracturc densityand
spatial dB$bution in fte soil volume.

fte efi(t of goundwater flow on a InI can be
made visible by calc!laling the connan.y of the
€se$ on solution a5 moredata s added (figurc 2).
lftheso ution intheheating phase ofthe
exper m€ntdoe5 not co.lerge to a stableenihat-.
ofq.ound themal condudivity, butcontinles to
5e,thi5 i5a c earindi<aiio. ofgroundwaterllow

Theexp analion fofth s is thatthe amount of
heattGnderedtothewaterd€pend on the
tempeGtlR diffeGn(e belwen the grclndwarer
and thefluid intheboGhole heat exdanger and
thkditfelence increases asthefluid heats up
duing theexp€ ment, so appdentconductivity
becomes prc9re$ive y higher
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Fiquk 2: .onstdn y af .ond!.rivity eninate uting the line so! ke appbo.h in on dpe ne ht with ohd ||ithout

Apan trom subs!rface fl ow, olhe. possibilitiej
ruch as rainwat€r runofi(on hil5ide5 o.in an
nadequately backfi led borehole), or ev€n pumping
frcm a wellofeKavat on ordriiingdo* torh€ ten
rile, need lo be conside€d.

lr is noreasyroquanrifyrheamounrof grcundwatef
flowlom theten Esult, bulGroenholland hd !5ed
puls€ tenstoadiveat slch a quantification ot
grouidwaterfl ow etrecs. Very high Ilow lar€s will
18!h in an inff nite.onductivity as the t€hperatue
Bpons€of the boreholeheatexchangeri5connanr
hlr hear t6neponed away immediately).

Anolher effect of qrcundwar€r €sped.lly in the
borehole, nay beconvedioi o(udng duero the
atef al tenperatwe 9Gdlent, Even nl(o'convection
ce 15 in the boeho e pore spa.eswillEduce
borehole esinan.eand, on a laqerrolegound

"Tests are now being
routinely perfolmed
worldwide and
becoming an integral
part of the ground-
source heat-pump
designer! toolkit"

the.m6 conductivitywi appear hlgher In a heatin9
experim€nt thls €ffe.t ii more pronounced a5 ih€
change! in vi(osityanddensityworkwith the
(onvetion force, while in a cooling epeimentthe
highervGcoiity at lows rempehtues ads as a
bnkeon convection.'Tlerefore,thedilferences
found in borchole rc5istance and conductivlty
between h€ar injection and heatextraction
expe me.BontheFmeboreholeareprobablydue

lBorchole rcsistance h, after an inilialtransient

Theborehole aff€cts $e ten in a nlmberolway'
Theborehole isnomally parameteiis€d asa
resttance tem (borehole esistance). blt when the
frcnt of a temperatuG tield propagates through the
borcho e{whkh happ€ns at each chang€ in heat
fl ux) the rcsistance 5 not neady-state but t.ansient.

Atlhat momentthe dal6trcmthetestc.nnot b€
u3ed ro calcu aterhe borehole resistanc€ or
conducri!ityand a ce(ain amouit oftirne hasto
pasr beiore accurate esrimat€s ca. be obtained.
Orher eff*rs rhat <a. occu. arc: lnfih.ar on of
Ginwater thouqh the top of the boEhole, of a
siphon etf€<t betw€en differcnt laye6. Both may
r€5ulr in infinite conductivity and ze.o borehole
r€eistance, and aGcaused by mpropersealing of
th€ boEho e.A 50, th€ boeho e maybe unrtableo'
collapre due to imprcp€r backfi lling ord€r€io6tion

Thii will dGmat Gllyaffecrthe rceul$a5the
heatexchanqerpipet may become exposed and
act veborehole length changes.A so, h 9h-
.es nince borcholeswilly eld poor test l€suhras
theterttimein(ea3e9and a lalgetemperaruE
dift€€nceis needed rogeneEtea heat flux ro the
9round. Obviou4y, l€ttin9 the borehole re$ and
(ure betweef the dil ing wotu and inital ation
oflhe loopand the na.tofthe expe.iment is

llie €neqy llux k con{anr
Although this isan assumption ofthe ten method, il
s moEchaEdef isric ottheteltequipmentand not
of the gound. Nevedhel€15, itisavery imponani
a$umptionofrhe linesouice merhod.Th€ rype I
Gns rhat depend 5ol€ly on electncalhe.rer
el€mencand have no.ctive<ontrcloverrheeneqy
input s!tre.espe.la y from thi5 pbblen,

Fluctuationr in 9id orgenentor powefwil
change$epowerinpu intothe borehole heat
exdanger and affect rh€ test resuks. these chanqe5
c.n be stepped (sudden change in 9 d powe,)o,
mo€ gEdual and 6ayexhibitcydi<behav ouL
Examplesof cusesof chanq€s in e edft al
powercaf be chan9es in ambienttemp€|ature
(affect ng geneGtof outpuo,day f ightcyclk
dema.do.theq d,o.lower demand o. the gid

The main wayold€alin9 whh non<onscnr
powerinputisthrclgh the u5eof inveue num€ ca
modelling or de convolution t*hniques.

coNctustoNs
TnTrdeveloped inthe 199os, provideinvaluable
infomation iof the de5i9n of 9rou.d 3oulce,
clo5ed.oop, heat'pump systems. From rhe dill n9 t



oftherdalboEho eand the instalation ofthe loop,
pGcrical intoffiation such a!d lllngcondiiont
soilnlaignphyand qrouodwater lelel can be

In rhe re$ the subsurfa.e emp€Gtue pofile
soil thernal conductivity and borehole rcsistance
are measurcd whiean eimate otthsmalapacity

Mode.n rerts, like the multi-pul5e test, developed
and pat€nted by Groenholland, ale veBatile and use
accurare ten prccedures rhat yi€ld deraild.
add(onal infomafon on the heat-tGntfer poc$
in the 9round, includin9 goundwater adv<tion

However, thevalid tyof thetestd€pend on
whether thea$umptiof s madeact!al yhold.
Iti5therefoGimportanttote5ttheseasslmptions
o. a rcur ne basis a5 the test i5 not perfomed in
conrtoll€d labocrcry condition!, but in rnu i. the

fie d whee danyun€xpected things happen.
In addnion tothefundamental assumption!,

orher toures of eror al5o need to be consider€d.
In a recent invenrorv. Grce.holland identified dt

"The validity ofthe test
depends on whether
the assumptions made
actually hold"

least 11 differcntsourcerof ero.,fromsensol
eror and heat-tEnsferfl Lrid chaEctennics to
natistical erc6 and ercls inthemethodology

n p.act ce however, in a wel pla.n€dexpe m€nt,
and using pope/ly prcpared and calibEted
equipmen! a te5t Lilurc ofa le5t i5 very .are indeed

and almosta waysattiburab eto'fr€ak evens l|\.
u.forer€n excavation and pumping nearthera
site lnu{ally h€aly 6ins or. in very .a.e caiei,
innrumentfailule-Ofren, by ueingaoaltemative
evaloation method,posibtincombination with
extendingth€tentime, uleable EsulBcan nil b€

Te5ts arc now being routinely pedofmed
woddwideand becoming an integral panof rhe
gound{ource heal-pump d$iqner's too kit.
we hop€ that, with thit paper, we have made clear
rhat whib TnTs arc becomiog a more outine type
of masurenedr, the quality a6d u3ablllry of the
te(depend5on a good unde6tandh9 and
evaluatlon olthe ten method, assumptions and

Without such under5tanding, lhe re!ullr a.e
justa number and, too ofren, a wrcng number
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