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The ~lll'adent(~3ll. strongly a"1Cl1d by' 1110 dlaplacerrent OYer lOll • 200 m within VII rrodIL Tha
hotIlOnIlI~ rrey Inc...... up II) 15'10 01 .. ~leal c:ornporenl ThI. IlIIct sugga.11 hI illl'nt*'l1UnI
logging poattom'ed In .. HB receallrlly should cJtlt;r Irotn .. VB~...ra melSUretl*'ll$. CuI rnooIIl~.
!he atrongIll dill_nets naar 100 m and I'~ 11\ ThI _ ellecl rng,t.1qllaln .. ell....... BHT ...~!rom

he VB end h He. Tha tINt low~ 10110... thll~ cjpplng gMlsale unlIa.. Tha ..... wound ..
dl;I-- aectlon In atIout fi km depth 1ncIeI".a-.. blSlltat .. la1l11l1.lllllllmlon of lloICtlen~ elltlnda~
_ ltwt 500 m Imo till rnetlblsisI. Tha eflecl 01 .trongIy deet..*", IIMI aow In .. gI*l'itlc: .... II duoIlI) ..
1Hac1 01 ._PIg~ c:oncb:tlvlIy wlIh depth II .... It hl'jgh IIMt pnlduelion.

OIl FfG. 4 I'll~1IdnISI" 01 01.- modIlliong I'll '*iI«I aec*"" down II) .. origInIIy plllll"*l tt11r1g dilpll
... sr-n. "'10 P'O'*i _ 1VIiIIIbIe IogQId and urnpIed dI-. t.Aa~~Ilona toom thIIllHT ...""",,_

2"'C (about .. eecuracy ot BHT ~1Ur'ItIIItItI1. Tha modIIIed and till VB IherrT* Il'IdaonI are In good

agr"""""" TIw ....rNIgn1Mn1be~ 500 m II'Id 3000 m ~ well (~MI'MKI by thI moclIl

It ....s Shown rnat bolll the .....~.bll Illrl'Cltl ...rure daUl.nd the geologie.1 intlrp..Ul~on 0' !hi upper cru., pn:l...ide
II» bI,i.1or I o-otllln'Nt InllrprlUlflon by dillualYi driving mKI\Inlsml. Further me.lU...n1Inl .....llmpto...1 \hi
geo\hllmal mo<IeI and possibly gl"'"Ilint.lor • 3D inIItPnllltion.

REFERENCES
_0. .en~ . ~ """-- $E'. 1(1"' Alp>« t3-2.~ , ",_4 .......-,-.-.....�l,.O"Qou.-, ~ ....m.~~""~"__...... _n.o....,.

~---\I'I~.'''''_l.•R.l~Il,'_' ...~FRACl_.A_'Oallll __~_ ..~ ... Il,~Eon..
J _J.-.Oc.~~.,_.... _ ..""_~~li83

lIlIOU'L.. M~ III "-" l ....... ICI.,..,. 0...:.~ tIoJ''''_ ea--_ ,.....~

-''-'-.II3__ """,,,,*Soo:rAall>'t)..I'.'"
n...__••III_""~_S--~"'~__ Il"CfI'CI""t.-_1O

),[W/mKI
3.6

3.'
3.2

3.0

2.8

2.8

2.'
2.2

.,."

.,.,.,

.,,.,,

.....

-.:DlIl 0 _
__1(1"1"'"

Therm. Conducllvltv around KTB
«lOtI .«lOCI.2OOO 0 2OOO"~ 6000 8000 10000,

-I.--

....,.,

ANITE ELEMENT COOE
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ABSTRACT

INTERPRETAnONAL BACKGROUNO

". 3wM comrl,,'lI011 111I ~ a.m.n ICT8 drtlllng Pfl'Jtel•• ft~~ 1Jmu~ ....tty ...... ,tit'
l,IlId...MtdIllg 01 ,... l'lydro-4'-'-l ,.... In ""'lI'O\Indlngt; 01 ..... KTI -'ta. TIl, ."""'..~ lIleluo.
................~~~ lor GNp,~ and flitif' ~"1119
..Net..,.., n.e lIIenMI" mod. "...... In ttIliIlllluclr." ... up In oro. to In...... 1M _M
"...-tIM~ f'O/OtICIIl ...-- 01 till ICT8 ""Iorl. The rnoct.l eatI _ ....... , ... ......". .....Ul'll
,... by ,....., dIItuItw 1Mdl.....,..

THERMAL CHARACTERIZAnON

In Ilw UIlf* 500 ITI bw hu.lllow value. lbout 0.05 W 1'1'1"2 and I' gre... cs.tllhl higher ""!I.... be'-n 0.08 mel

0.'" W tTl'" ..... 1TlIUUrec1 ~eror. unuptcNdlr Ngh Ie~'lul'll' taw bNn ancounter.cl ., grN* dapltl
1229"C In "10 m). The tlmgeratulW prollla It belt IndIc.lecl by • 4(100 m dHp VB temperatura log. Only aWl
VIIh,., are • ...aIlablll dulirlg It'e He pha... The appearance 0' !he 10'11' hell flow 201"1II It lhlIlopmoll 500 m WI'

.X\en....1y Itudled by QIOlhIr"'-l ~". ThIt 1N1Ur1""1 be uplaln&d el1h1r by I pallocll'!'lllllc ItlKI Of by •
llydnIullc: Inflll«lOl on t..I 1ran,1et (Rybactllii2, Jobmam & aluMr 1994). Ho_r. !hI pre..nlltUdy /oeUM'

on ltlI~ l*ow '* Otpth.

no. litrulalion tDOlls our 0'M'l 30 Iii" ....,..". eocIe FRACn (Kohl e' II.• 1M3). Among Of"- ..............
progam'" IINdy ItI" end Iranll«lt sInuIlIllonI bI~ c:ouplId ~ic Ind~~"'I In
... undIrground. $t)IdIlI~ Is~ II)~.... 01 .. IIYM illl'nt*'l1u.. 'nd ~...re dlpel'Id-.n1
~~ o.nllly, ...1CIOIify II'Id Il'lItnW oonduc:.....,. Sallrity.tfKtl 01 ftuklll' dlJplll CIIl bI ..m ....*1.

UPPER CRUST MODEL: 500 m ·10 kin depth-_....
no. moll compIiI" geologieIl ~1I1lon lor .. drtilld KTB deplh teellon I. PnIMnt..:l by Hjr.awnann (1~4).

Sine. no llaurnpllon lor anr abrupt c:hIrlQIIln tktlolo0 I. pro...icl&d • t..,>dimerll,jo~Inllrpralltlon 0' .,. ..e1Ion
bIl_ 5OOm.OO IOkm MlrTlIIlI) bllUftIc:laont.

Fit;. Io.tdo/fn• ..,...,,_rh
we Ittern9\Id 10 ••pIaIn 1'- mMSUred rn.rmaJ dati willl tIlI ........llon 0' thII diltusN. Plnlr>W1ltrI (cl\lnging under

C\lrrwnI !hltnTIIl.oo nydrlulic conditionl) and I r~ AICItd georlWtry. no. SW·NE Itril<lng proIi. WII diJcre~SIId

wiltl ow melh ~l'IerlIlor FRAM. On Fig. 1 • oeUl11 0' II» .."ned Anile eIe1renl mesh In ,'- KT8 ne,ghOoumood I.
shown. no. model corulnl2639 node. and 2748 .lerTlllnl.
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no. rTlIIln annulllUrface IefrlJellllUra 017.4-C Wli IIIUnwd II lurface boondlry condition. no. 10_1 boundary
.... p1ac.d .t I depth 01 16000 m In !hi rrid CfUIi. T~... ture WII set " II» 10_ boundary to 44O"C. m.
....1lI. cor....pondl 10 .....-tical healllow In thi. depth 01 0.065 W m,z. Tha IIllr.1 botOIf. toc:Ill'd (6 km to the SW
.nd 10 km to till NE 'rom !hi KT8) as.ume 'ro IIow'·boundaly cono;tlonl. Thi. dmullYi modIl eon.lslS ot the

fGllowing material&: ndImentl, metallllsit....teeply dlpping gnelll. nat dipping gnal ••• granlll Ind lower cru.lll
malln.l. Tha maoler!1Il cholet lor the 10_ crull It nol Ylry er\Ileal 10 the !he~1 conduCllvlly llnel !he
IefrlJerltu.. dlpe,ndenct 1Md.1o. smt.Il t/lndwld!h; till n.lltu ....hl•• ranga Irll.ocpecll'd 10 bI 2 W m·'K-'. Tha
....Iu.. 01 the dilfual... rTlIIllrill prllgertlt__... Ulken trom measuramentaln !hi KTB Field Labof.lory and 'rom

....."... conduc1lvl1y ma...,.-.nts, 1\1I1....,. peltormtcl on ..rnpla. !rom lUl'l'ounding mallri'l Thay arl ,hown
bIIow (It 25'C ...1erencI"mpoIft.lurl and "to ~SSurl).

~~~.,:;:J
Tha 'n1101rOP)' 01 gr.lal pr.y'1Il imclortInt RN lor .. lr*fnIlI""t tow. The ~rllllflll"lMeII bI.tlilled by
I gnalule toIllion dipping eo'. Ag. 2 sho lII<nper.... and ~,sure COI"nICIId oonducllvoJy IIICbOn. Tha
_ geoIogclll units can bI rwcognillCl •• In uclwNnn (1!n4).
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ABSTRACT
As Swte« contTtoutton to the German KTB drilling profeet. a numerical simulation study alm* at th*
underat andIng of the hydro-thermal fWd In th* surroundings erf th* KTB *rte. Th* simulation* Include
known. «latw-cM-thMrt petrophy*Acai aspects relevant for deep, pressurised and high temperature
etruclure*. The mermaf How model presented in this study ***  set up  In order to Integrate th* m***ured
properties end geologic* aspect* of th* KTB region. The model can expiein th* measured temperature
date by  purely diffusive machanisnw.

THERMAL CHARACTERIZATION
in the upper 500 m taw beat flow values about 0.05 W m'2 and at greater depths higher values between 0 08  and
0.09 W nf® were measured. Therefore unexpectedly high temperatures have been encountered at greater depth
(229‘C in 81  10  m). The temperature profile is best indicated by a 4000 m deep VB temperature log. Only BHT
values are available during the HB phase. The appearance of the low heat flow zone ai  the topmost 500 m was
extenahrefy studied by geothermal models. This feature may be explained either by a paieociimatic effect or by a
hydraulic influence on heat transfer (Rybach 1992, Jobmanr & Clauser 1994). However, the present study focuses
on the region below that depth.
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INTERPRETAT1ONAL BACKGROUND
A combination of the excellent laboratory datasets with standard geothermal »notations was attempted. Different
heat now regimes at depth are suggested At feast three zones can be  considered the topmost 500 m, the upper
crust below 500 m and the mid I tourer crustal region. Our Intention is to sanxilate the thermal field of the upper
crust (< 10km)  that accounts lor the comptexfty of the geological structures, but that limits the necessary heat
transport mechanisms to the amplest sensible model

FINITE ELEMENT CODE
The sifTtelanon tool is our own 30  finite element code FRACTure (Kohl at al.. 1993) Among other features, the
program aoows steady state and transient Binvabors between tne coupred hydrauic and thermal crocesses in
the underground. Special emphasis n given to non-bneanties of the three temperature and pressure dependent
parameters, densify, viscosity and thermal conducUvtfy Salinity effects of fluids at depth can be also treated.

UPPER CRUST MODEL: 500 m - 10  km depth
Model Description
The most complete geological interpretation for the drilled KTB depth section is presented by Hlrschmann (1994).
Since no assumption for any abrupt change In  lithology is provided a two-dimensional interpretation of the section
between 500 m and 10 km  seems to be sufficient
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Fig. 3 Distribution of the vertical components of thermal gradient and heat flow

Tba thermal gradient (Fig.3)  is strongly affected by a lateral displacement over 100 - 200 m within the model. The
horizontal component may increase up to 15% ol the vertical component. This effect suggests that temperature
Egging performed in the HB  necessarily should differ from the VB temperature measurements. Our model provides
the strongest differences near 800 m and at 4000 m. The same effect might explain the different BUT values from
the VB and the MB The heat now preferentially follows the steeply dipping gneitvc units. The area around the
dflilhote section in about 6 km  depth indicates the best that the lateral extension of such an  anomaly extends even
more man 500 m into the metabasfe ’he effect of strongly decrsasmg heat flow in the granitic area >s due to Jte
effect of decreasing thermal conductivity with depth as weil as me nigh heat production

On  Fig. 4 the interpolated results of our model along the dried section down to the ongmaiiy planned diking depth
are shown. Also plotted are the available logged and sampted data. Maxmum  deviations from the BHT values are
2*C (about the accuracy Of the BHT measurements) The modelled and the VB  thermal gradent are m good
agreement The thermal gradient between 500 m and 3000 m ts well represented by the model

Ftg. 1 Detail of finde element mesh

We  attempted to explain the measured thermal data with the variation of the diffusive parameters (changing under
current thermal and hydraulic conditions) and a rather fixed geometry. The SW-NE sinking profile was discretised
with ou< mesh generator FRAM. On  Rg. 1 a detail of the refined finite element mesh in  the KTB neighbourhood Is
shown. The model contains 2839 nodes and 2748 elements
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Ftg. 2 The calculated thermal conductivity profile

The mean annual surface temperature of 7.4‘C was assumed as surface boundary condition. The lower boundary
was placed at a depth of 16000 m In the mid crust. Temperature was set at the tower boundary to 440“C. This
value corresponds to a vertical heal flow in this depth of 0.065 W m"®. The lateral borders located (6 km  Io the SW
and 10  km to the NE  from the KTB) assume 'no Itow'-boundary conditions. This diffusive model consists of the
following materials: segments, meiabasltes. steeply dipping gneiss, flat dipping gneiss, granite and lower crustal
material. The material choice lor the lower cruii I« not very critical to the thermal conductivity since the
temperature dependence leads to a small bandwidth; the in-situ values range are expected to be 2 W The
values of the diffusive material properties were taken from measurements in the KTB Field Laboratory and from
thermal conductivity measurements, that were performed on  samples from surrounding material. They are shown
below (at 25‘C reference temperature and zero pressure).

Fig. 4 Comparison model with available data for thermal gradient and reduced temperature

CONCLUSION
it was shown that both the available temperature data and the geological interpretaiion of rhe upper crust provide
the basis for a geothermal interpretation by diffusive driving mechanisms. Further measurement will improve the
geothermal model and possibly gives hints for a 3D  interpretation.

REFERENCES
HWirwviG . KTB Hwctnhwg - wretj Benwr Seonc Rarerex S£t KTB Pteood 93-2. Schwatzwt«rr«efw

StuOptri 1W3
xtnwr K * Ch Cteuv Hwt Ac-vcw vvtus Condumor * tw  KTB Po*t>w Aa«or> for Venu varwxm n tw  iwi Ftw  Danvty

JOivnW nwnaoanal i n  cratt). 1994
fUfu T . A j KF  Evn  I LRytw* FRAChm ■ A Naw Tod IO Sbiutet CoAC Procwt n GeoKWxm. kt K Morgan. £ OhW»

j Ptrem. J Pw»nw O C Z«r*i*rcz EEds). Frte 6Wnwva r Fu«* Ptwug« Aiw. 1993
ftyowr L Ar te mirnpM tv  Tempww« Prete d rw  C9 rtol Or«»* (Ganwy) by PawccteiMt CwteiCora PMcpr

PiwoKot (GutwPWwt Owv* A OP 1«?
Th- «qu« w»  » hire tw  9wtu Nwnn-i Sewn *rcv  ucon. prowo r»  Z1-2WM.90

gnefM
2.0 2 8 /39 2.5 3.7 3 4

0 4E-G6 1 5E-06 0 8E-O6 6.0E-06 1.0E-06 - 0 6E-06
The amsoiropy of gne 5$ plays an  important rote for the thermal heat flow. The temperature profile » best fitted by
a gneiss* foliation dipping 60*. Ftg. 2 snows the temperature and pressure corrected conduciiviry section. The
same gedogcai units can be  recognized as  in Hirschmarwi (1994).




