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1. INTRODUCTION

The Continental Deep Drilling Programme of the Federal Repub
lic of Germany (KTB) is a project of basic geoscientific
research. For this, the technical concept for drilling,
sampling, coring and logging programmes are tailored to
scientific purposes. According to present plans, the super
deep borehole will be drilled to a target depth of about
14000 m in the period of 1990 - 1997. A completely new rig
will be designed to drill this borehole.

The drilling of the pilot borehole started September 1987. The
envisaged depth will be 5000 m, and the present depth is about
3000 m (August 1988).

A project Management has been established in 1985/86. It
operates with about 40 persons on fulltime and additional
personal on contract basis. The project Management includes
also a group responsible for borehole measurements. The
structure of the organization, especially with regard to the
borehole measurement group is given in Tab. 1.

TO realize the scientific ideas, a Research and Development
Programme is initiated engaging about 250 scientists from
different universities, institutes and geological surveys.
This programme is subdivided into 9 research groups (Task
Forces) :

Field Laboratory, Geology and Geophysics, Stress Field and
Borehole Stability, Rock physics/Logging and Log Inter
pretation, Texture and Deformation, petrology/Geochemistry/
Geochronology and Ore Deposits, Fluids, Technical Sciences,
and Modelling.
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Table 1: Organisation diagrams showing the group for borehole
geophysics and its relation within KTB.

.-- Federal Ministry of Research -and Technology
- BMFT -

I

German Research Programme GeologIcal Survey
Foundation Committee of Lower Saxony
- DFG - - NUB -

University Co-ordlnatlng Profect
R&D Committee Management

Programme

7
Geosciences Operational Technical Science:

Prol·-Management
Director:

Director: H. Behr Olrector:P .Kehrer H. Rischmaller
Deputy: G. HIrschmann Deputy:R.Honel Deputy: C. Chur

Geology Geo- Geo- Borehole Field Drilling Drilling
physIcs chemistry Geo- Geolog. Planning Operation

Deposits physics Laborat.

G.Hlrsch-
mann K. Bram H. Dill R. Hanel H.Dletrlch A.Sperber C. Chur

~'7

Borehole Geophysics
R. Hanel

I

I I I I
R&D Profects, Logging, Hydraulic Logging Unit

Borehole Interpretation Tests, KTB Tools
Stability Experiments

W. Kessels J. Draxler R. Hanel G. Zoth

K. Sturmelt* J. Kuck .:) E.Kuhr**)
H. Gatto 1.0e Grefte**)

K.Bohn**)

*) Prakla-Selsmos **)Schlumberger

- 76 -

Table 1: Organisation diagrams showing the group for borehole
geophysics and its relation within KTB.

Federa l  M in is t ry  o f  Resea rch
and  Techno logy

- BMFT -□T
German Research

Foundat ion
- DFG -

P rog ramme
Commi t t ee Geological Survey

o f  Lower Saxony
- NLfB -

University
R & D

Prog ramme

Co-o rd ina t i ng Project
Commit tee Management

V
Geosciences

Di rec tor :  H .  Beh r
Depu ty :  G. H l r schmann

Operat ional
Pro j . -Management

D i rec to r :P .Kehre r
Deputy :R.Häne l

Techn i ca l  Sciences

Di rec tor :
H .  R ischmQl ler

Depu ty :  C .  Chu r
Geology

G.HIrsch-
mann

Geo-
physics

K .  B ram

Geo-
chemistry,
Deposits

H.  Dil l

Borehole
Geo-

physics

R.  Häne l

F ie ld
Geolog.

Labo ra t .

H.Dietr ich

Dri l l ing
Planning

A.Sp erber

Dri l l ing
Operation

C. Chur

Bo reho le  Geophys ics
R.  Häne l

Hydraulic
Tests,

Experiments

Logging Unit,
KTB Tools

R. Hänel

J .  Kück  *♦)
H.  Gat to

G. Zoth

E.Kühr**)
I.De Gref te**)

K.Bohn**)

Logging,
Interpretat ion

R&D Projects,
Borehole
Stability

W. Kessels J .  Draxler

K .  Sturmeit*

•) Prakla-Seismos **)Schlumberger ♦J)Mesy



-77 -

2. OBJECTIVES, TASKS

The main scientific objectives are given by (EMMERMANN, 1986):

Investigation of the physical-chemical
conditions and processes in the deep crust
for a better understanding of the dynamics
of intracontinental structural evolution.

The main task for the borehole geophysics group of the project
Management can be derived directly from this objective:

Realization of geoscientific objectives in
regard to measurable physical rock parameters,
chemical elements, mineral components, fluids,
heat and mass transport as well as physical
field parameters.

Before establishing the KTB project Management, some advances
have been made by preliminary studies into that direction, and
the main task has been subdivided into several, more specific
topics:

(1) Market Analysis
Ascertainment of available logging tools and logging units of
service companies, companies, universities, and geological
surveys at the domestic market or in foreign countries,
especially with regard to temperature and pressure limitation
(300°C and 2000 bar).

(2) Fundamental Research
Logging tools and the related interpretation methods for
logging data are mainly developped for hydro-carbon
exploration in sedimentary rocks. Therefore, the adaptation
for crystalline rocks has to be considered and, if necessary,
fundamental research has to be initiated.

(3) Investigation of physical Rock Parameters
Determination of petrophysical data under simulated in situ
conditions for calibrating logging data, correlation with
chemical and modal compositions as well as interpolation to
large scale units and intrinsic characteristics. For this
study the borehole (quasi in situ condition), the laboratories
of institutes (simulated in situ condition), and the Field
Laboratory (pT-condition at the earth's surface) are
available.
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(4) Correlation Progamme
Correlation of results from
logging will be essential
superdeep borehole for
logging.

(5) Development of Logging Tools
The scientific objectives also require tools which are not
offered by service companies and institutes or which currently
have a lower temperature 1 imit. Therefore, new development
and/or improvement has to be stimulated.

(6) Deep Earth Observatory
After the drilling stopped, and the routine measurements have
been carried out, repetitions, long-term measurements, and
time-depending studies are necessary. Therefore, it has to be
examined, whether a Deep Earth Observatory is justified.

(7) Permanent Logging unit
The large research and development programme of KTB requires a
comprehensive logging programme. Therefore, a permanent
logging unit as well as tools which are often needed should be
purchased and operated by KTB.

(8) Logging Programme
To meet the high expectations of the scientific community, an
extensive logging and testing programme for the pilot borehole
had to be established, and must be realized. The experience
gained and enlarged by further experiments will be integrated
in the planning of the logging programme for the superdeep
borehole.

(9) Securing of Logging Data
It must be guaranteed that all measured data is safely stored
in a uniform format (e.g. LIS) so that at any time - also
after many years the data is available for interested
parties.

(10) Interpretation of Logging Data
To benef it from the know-how of the service companies, the
first interpretation should be made by them. More sophisticat
ed interpretations are in the responsibility of the university
interpretation groups (R & D Programs, see also Tab. 1).

(11) pilot Borehole
From the specified objectives/tasks follows that a pilot bore
hole is absolutely necessary.
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3. PRESENT STATUS

The market analysis (1) has been completed (DEVAY et al. 1983,
HANEL 1987). Based on this study, research and development for
the tasks (2), (4), (5), and (10) have been started. In total,
35 running projects are now underway which are strongly re
lated to borehole geophysics; see Tab. 2. The so-called 'Key
Exper iments' are of special interest; see Tab. 3. These are
projects, which only can be carried out by means of a super
deep borehole (FKPE 1986). For more details see also KTB
Report 87-3.

The Deep Earth Observatory, task (6), should include measure
ments such as the stress field, the near and far earthquakes,
the magnetic field, the pore pressure, etc. A first concept
was presented by KESSELS (1987), Fig. 1, and a first attempt
will be made by project (34) of Tab. 2. The Deep Earth Observ
atory consists of two parts; the upper moveable and the lower
stationary part. Anyhow, the project needs further clarifica
tion on what should actually be measured, what is possible,
what is expected, what are the costs, etc.

To drill a pilot borehole with a minimum diameter of 6" has
been strongly recommended by the group of borehole geophysics
(HANEL 1987). This has been accepted by the Project Management
in July 1986. The pilot borehole was spudded on September 22nd
1987. The present depth is about 3000 m (August 1988). The
pilot borehole includes a complete coring programme as well as
a comprehensive logging programme. So, the necessary work for
task (4) can be carried out, which actually started in summer
1988. The similar is true for task (3).

with regard to task (7), a logging unit has been purchased for
running basic and more frequent logs. It is a most modern
sound insulated modular unit, presently equipped with 7500 m
of 7-conductor-logging cable. For operations at greater depths
in the superdeep borehole the unit will be modified by
exchanging the winch section and adding a capstan unit. The
cable head of the logging cable consists of:

- telemetry for data transfer
- unit for cable tension, mud resistivity and

mud temperature measurement
- gamma ray for depth correlation.

A minimum set of logging tools has also been purchased:
- several temperature tools
- salinometer
- induced polarization probe
- borehole geometry tool
- 6-arm caliper (prototype)
- gamma ray probe
- fluidsampler, vacuum and forced circulation type.
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Figure 1: A possible concept for the Deep Earth Observatory.
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Table 2: Research and Develcprent Projects.

DFG = sURX>rted by German Research Foundation,
M'T = supported by Federal Ministry of Research am Technology,
~ = amdesanstalt fUr Geowissenschaften und Rohstoffe,
NLfB = Nied~rsachsisches Landesamt far Bodenforschung.

(1) Develo~t and testing of a high-pressure permearreter/porosimeter
for investigation of crystalline rocks. DFG.
R. schower, Techn. Univ. Clausthal.

(2) Investigation of electro-magnetic transient measurements in shallow
boreholes with regard to its general awlication in KTB. ~.
S. Greinwald, ~, Hannover.

(3) Develo~t of interpretation methods for logging data recorded in
crystalline rocks with micro-fractures and micro-pore structure. DFG.
R. SChower, Techn. Univ. Clausthal.

(4) Changes of crystalline rock strength properties under alternating
thenrodynamic conditions. M'T. O. Natau, Techn. Univ. Karlsruhe.

(5) Investigation of Peltier elements for cooling electronic cooponents in
wireline logging tools. M'T. Dr. Neumann Conp., Ml1nchen.

(6) Develcprent of heat shields for high terrperature logging tools. IM'T.
Etudes & Production SChlUllberger, Clamartr France.

(7) Theoretical thermo-chemical calculations for borehole stability under
simulated in situ conditions in conparison to actual conditions in the
KTB pilot borehole. M'T. R.B. Rokahr, Techn. Unv. Hannover and
K. H. Lux, Techn. Univ. Clausthal.

(8) Developnent and testing of interpretation methods for electrical
measurements including induced polarisation for porosity/permeability
determination. DFG. D. Vogelsang, NLfB, Hannover.

COre M epJrements

(9) Integrated measuring method for determination of porosity am
permeability of dense rocks under simulated in situ conditions. DFG.
G. Pusch, Techn. Univ. Clausthal.

(10) Determiniation of physical parameters (thermal conductivity, thermal
diffusivity, seismic velocity, density) under simulated in situ
conditions. DFG. H. aJrkhardt, Techn. {hive Berlin, am R. SchoWE!r,
Techn. Univ. Clausthal.
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Table 2: Research and Development Projects.

DFG = supported by German Research Foundation,
BMFT = supported by Federal Ministry of Research and Technology,
BGR = Bundesanstalt für Geowissenschaften und Rohstoffe,
NLfB - Niedersächsisches Landesamt für Bodenforschung.
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Etudes & Production Schlumberger, Clamart, France.

(7) Theoretical thermo-chemical calculations for borehole stability under
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KTB pilot borehole. BMFT. R.B. Rokahr, Techn. Unv. Hannover and
K .  H .  Lux, Techn. Univ. Clausthal.

(8) Development and testing of interpretation methods for electrical
measurements including induced polarisation for porosity/permeability
determination. CFG. D .  Vogelsang, NLfB, Hannover.
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(9) Integrated measuring method for determination of porosity and
permeability of dense rocks under sinulated in situ conditions. DFG.
G.  Pusch, Techn. Univ. Clausthal.

(10) Determiniation of physical parameters (thermal conductivity, thermal
diffusivity, seismic velocity, density) under sinulated in situ
conditions. DFG. H .  Burkhardt, Techn. Univ. Berlin, and R.  Schopper,
Techn. Univ. Clausthal.
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Table 2: Continuation

(11) Determination of uranium and lead isotopes from KTB rocks. IFG.
U. Haack, lbiv. Giessen.

(2) Measurement of P- and S-waves under sinulated in situ conditions,
correlation with petrophysical data, chemical and modal coopositions.
DFG. H. Kern, lbiv. Kiel.

(13) Determination of thermal and electrical conductivity under increased
pressures and terrperatures. IFG. A. SChultt lbiv. MJnchen.

(4) Measurement of porosity, perneability and electric conductivity under
sinulated in situ conditions. DFG. G. t«>ver and G. will, lbiv. Bonn.

(15) Determination of thernal conductivity, thernal diffusivity and
specific heat capacity under sinulated in situ conditions and by JOOaIlS

of the 'thermal flowmeter method'. IFG. R. SChulz, NLfB Hannover.

(6) Measurement of magnetic parameters, such as coercitive force,
permanent saturation value, maxinum susceptibility, paramagnetic
susceptibility, etc. under sinulated in situ conditions. DFG.
H. Markert, lbiv. Bayreuth.

(17) Palaeooagnetic and rock magnetic investigation on cores under
sinulated in situ conditions. IFG. J. Pohl, lbiv. MJnchen.

1Dg Interpretation

(8) Testing a borehole magnetometer for vertical gradient sounding of
magnetic variations. DFG. E. steveling, lbiv. Gl5ttingen.

(9) 'l'«>- and three-dimensional sinulation for a frequency""13epending
induction log. DFG. K.-M. strack, Univ. KOln.

(20) Interpretation of permeability and hydro-frac stress measurements as
well as inprovement of the hydro-frac tool. DFG. F. lUlInel,
lbiv. Bochurn.

(21) Interpretation of logs using statistical methods to determine porosity
and pernaebility. IFG. H. 8.lrkhardt, Techn. Uliv. Berlin.

(22) Interpretation of magnetic measurements made in boreholes and on cores
to find magnetic discontinuities. IFG. A. Hahn and W. Bosum, NLfB,
Hannover.

(23) l\daption of Faciolog to derive a lithological profile from borehole
measurements. IH'T. J. Wohleroerg and R. Walter, lbiv. Aachen.

(24) Feasibility study for determining hydraulic parameters in a borehole
using tracer. IFG. P. Fritz and W. Drost, Gesellschaft far strahlen
und U!Meltforschung, MJnchen.
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Table 2: Continuation

(11) Determination of uranium and lead isotopes from KTB rocks. DFG.
U.  Haack, Uhiv. Giessen.

(12) Measurement of P- and S-waves under simulated in situ conditions r
correlation with petrophysical data» chemical and modal compositions.
DFG. H .  Kern, Univ. Kiel.

(13) Determination of thermal and electrical conductivity under increased
pressures and temperatures. DFG. A.  Schult, Univ. München.

(14) Measurement of porosity, permeability and electric conductivity under
simulated in situ conditions. DFG. G .  Nover and G .  Will, Univ. Bonn.

(15) Determination of thermal conductivity, thermal diffusivity and
specific heat capacity under simulated in situ conditions and by means
of the 'thermal flowmeter method'. DFG. R .  Schulz, NLfB Hannover.

(16) Measurement of magnetic parameters, such as coercitive force,
permanent saturation value, maximum susceptibility, paramagnetic
susceptibility, etc. under simulated in situ conditions. DFG.
H.  Markert, Univ. Bayreuth.

(17) Palaeomagnetic and rock magnetic investigation on cores under
simulated in situ conditions. DFG. J .  Pohl, Univ. München.

Log Interpretation

(18) Testing a borehole magnetometer for vertical gradient sounding of
magnetic variations. DFG. E.  Steveling, Univ. Göttingen.

(19) Two- and three-dimensional simulation for a frequency-depending
induction log. DFG. K.-M. Strack, Univ. Köln.

(20) Interpretation of permeability and hydro-frac stress measurements as
well as improvement of the hydro-frac tool. DFG. F .  Rummel,
Univ. Bochum.

(21) Interpretation of logs using statistical methods to determine porosity
and permaebility. DFG. H .  Burkhardt, Techn. Univ. Berlin.

(22) Interpretation of magnetic measurements made in boreholes and on cores
to find magnetic discontinuities. DFG. A. Hahn and W. Bosum, NLfB,
Hannover.

(23) adaption of Faciolog to derive a lithological profile from borehole
measurements. BMFT. J .  Wohlenberg and R. Walter, Univ. Aachen.

(24) Feasibility study for determining hydraulic parameters in a borehole
using tracer. DFG. P .  Fritz and W. Drost, Gesellschaft für Strahlen-
und Unweltforschung, München.
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Table 2: continuation

(25) Interpretation of time-depending tenp!rature measurements in tel1l5 of
in situ thermal conductivity. IH'T. H. Wilhelm, Techn. univ.
Karlsruhe.

(26) wellsite interpretation of specific borehole measurenents indicating
borehole instabilities. IH'T, K. Fuchs, Techn. univ. Karlsruhe and
M. Zcback, Stanford univ. (USA).

(27) Develo~t of an acoustic televiewer for great depth and high
tarperatures. IH'T. R. SChepers, Westf!liche Berggewerkschaftskasse,
Bochum.

(28) Inprovernent of a thermal conductivity in situ prcbe for great depths.
IH'T. H. Burkhardt. Techn. univ. Berlin.

(29) Inprovernent of equi~t and of a method to calculate the heat
production rate of rocks from U, Th and K-spectrometry of natural
garrma radiation. DFG. U. Haack, Univ. Giessen.

(30) Experiments with a 4-point electrode arrangement for detecting the
opening of fractures as a function of increasing pressure within a
borehole region separated by packers. IH'T. preussag AG, Hannover.

(31) Upgrading of a magnetic susceptibility probe for deths up to 14000 m.
IH'T. J. Pohl, univ. /oCnchen.

(32) Develo~t of a 3-component magnetometer for depths up to 14000 m.
IH'T. G. !tlsmann and F. Kuhnke, Techn. univ. Braunschweig.

(33) klaption of an induced polarisation tool for ion diffusion of fluids
under KTB conditions. IH'T. D. Vogelsang, NLfB, Hannover.

(34) Devel~t of a stationary downhole lIOI1itor prototype for determining
stress field, pore pressure, tenperature and electrical data. IH'T.
G. Reik, Gesellschaft fOr Baugeologie und -me£technik, Rheinstetten
and G. Borm, Techn. univ. Karlsruhe.

(35) Develo~t of a high resolution time depending magnetometer measuring
prcbe for high resolution magnetotelluric soundings. IFG.
E. Steveling, univ. GlIttingen.
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Table 2: Continuation

(25) Interpretation of time-depending temperature measurements in terms of
in situ thermal conductivity. BMFT. H .  Wilhelm# Techn. Univ.
Karlsruhe.

(26) Wellsite interpretation of specific borehole measurements indicating
borehole instabilities. BMFT# K .  Fuchs# Techn. Univ. Karlsruhe and
M.  Zoback# Stanford Univ. (USA).

(27) Development of an acoustic televiewer for great depth and high
temperatures. BMFT. R.  Schepers# Westfäliche Berggewerkschaftskasse#
Bochum.

(28) Improvement of a thermal conductivity in situ probe for great depths.
BMFT. H .  Burkhardt# Techn. Univ. Berlin.

(29) Improvement of equipment and of a method to calculate the heat
production rate of rocks fron U# Th and K-spectrometry of natural
gamma radiation. DFG. U .  Haack# Univ. Giessen.

(30) Experiments with a 4-point electrode arrangement for detecting the
opening of fractures as a function of increasing pressure within a
borehole region separated by packers. BMFT. Preussag AG# Hannover.

(31) Upgrading of a magnetic susceptibility probe for deths up to 14000 m .
BMFT. J .  Pohl# Univ. München.

(32) Development of a 3-conponent magnetometer for depths up to 14000 m .
BMFT. G .  Musmann and F .  Kuhnke# Techn. Univ. Braunschweig.

(33) Adaption of an induced polarisation tool for ion diffusion of fluids
under KTB conditions. BMFT. D .  Vogelsang# NLfB# Hannover.

(34) Development of a stationary downhole monitor prototype for determining
stress field# pore pressure# temperature and electrical data. BMFT.
G.  Reik# Gesellschaft für Baugeologie und -me&technik# Rheinstetten
and G .  Borm# Techn. Univ. Karlsruhe.

(35) Development of a high resolution time depending magnetometer measuring
probe for high resolution magnetotelluric soundings. DFG.
E.  Steveling# Univ. Göttingen.



- 84-

Table 3: Geophysical Key Experiments (FKPE 1986)

(1) stress field of the continental crust.
From the change of intra-continental seismicity with depth it is
postulated that in the upper crust high shear stresses and in the lower
crust low shear stresses exist. '!be estiJnation, based en experi1llental
rheological rock parameters, indicate the rraxinum stress already in
the upper crust. 'rtlis could be confinred by drilling a superdeep
borehole. It \>U1ld possibly explain the limitation of seismicity to the
upper crust. the existence of overthrusting pathes, and together with
pressure measurements from fluid inclusions the acting dynamic tectonic
forces within the crust.

(2) Fluid geophysics.
'!he existence of fluids and permeability determine essentially the heat
transport by heat convection, and explain also the milility of crustal
portions. Borehole measurements and hydraulic tests Il'ade in a superdeep
borehole would bring conclusive answers.

(3) Influence of palaeotenperature changes.
From estiJnation it is known that the palaeotemperature influences the
tenperature field down to 5000 m depth or even JOOre. 'rtle heat-flow
density from shallow boreholes can be decreased in the order of 30 %.
until now, no convincing exanple exists, which deoonstrates the
existence or non-existence of this effect. Hopefully, a superdeep
borehole can clarify this open question.

(4) seismic endoscopy of the earth's crust.
SUrface seismic survey combined with vertical seismic profiling are
best to evaluate seismic properties like absorption, reflectivity,
anisotropy and localisation of litho-stratigraphic horizons. &It, JOOst
of all, the deepest point of a borehole gives the best possibility to
study the crust deeper than the borehole itself.

(5) Transient-electraragnetic survey.
'nJe determination of electric conductivity by means of migrating
current systems. 'nJe electric conductivity delivers infonration of the
distribution and the conposition of fluids due to the ion content of
the fluids in the pore space. Very high conductivity values indicate
graphite and ore concentration. 'nJe advantage of this method is, that
with increasing depth a larger volume of rock can be investigated,
thereby detecting conductivity anomalies away from the borehole and
decreasing the influence of the borehole itself.

(6) Vertical electromagnetic profiling.
This method allows a better detection of layers with high electric
conductivity than with surface electromagnetics. Furtheroore, like
vertical seismic profiling, with this method anisotropy and electric
conductivity in front of the borehole can be determined without the
conterminated zone.
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The determination of electric conductivity by means of migrating
current systems. The electric conductivity delivers infornation of  the
distribution and the composition of  fluids due to the ion content of
the fluids in the pore space. Very high conductivity values indicate
graphite and ore concentration. The advantage of  this method i s /  that
with increasing depth a larger volume of  rock can be investigated/
thereby detecting conductivity anomalies away from the borehole and
decreasing the influence of the borehole itself.
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conductivity than with surface electromagnetics. Furthermore/ like
vertical seismic profiling/ with this method anisotropy and electric
conductivity in front of  the borehole can be determined without the
conterminated zone.
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Table 3: Continuation

(7) Magnetic survey.
'!be unique opportunity to look which type of J1Bgnetization exists at
great depth and what are the reasons for anonalies. Rock JreaSUrements
on surface will not be sufficient. Furthermore, lithological
classification, content and variation of ferronagnetic ores, the
chemical conposition, degree of oxidation and distribution within the
rock can be evaluated.

(8) Analysis of disturbances on the gravity field.
To record a gravity profile along a borehole will provide, after
correction for borehole deviation, a rock density profile with depth.
In addition, gravity anonalies away from the borehole can be detected.

(9) Experiments to study the physical nature of gravitation.
The gravitation constant actually is not a constant. Instead of this
the gravitation constant increases with increasing borehole depth. For
that neasurements with a borehole gravimeter the necessary accuracy is
about Ag '" 1 gal for a borehole depth of 10000 m. _
Furthermore, borehole density measuring with an accuracy of about 10 3
must be carried out. which seems to be very difficult.
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chemical composition/ degree of oxidation and distribution within the
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The general philosophy for the realization of the logging and
testing programme in the pilot borehole is that the main
portion of it will be done by service companies. Special
services will be run with tools from universities and
institutes. The programme itself is - following the priority
list HAENEL & DRAXLER (1988) - split into two sections: during
and after the drilling phase. Following Fig. 2, all
geologically relevant logs will be run during the drilling
phase at certain intervals (about every 500 m, now down to
about 5000 m) to secure the data under favourable logging
conditions, to control the borehole breakouts, and to provide
correlation logs for core analysis. The Borehole Televiewer
and the Formation MicroScanner are the essential tools for
correlation, as they offer means for post-orientation of
cores.

All measurements need to be evaluated and interpreted. This
can either be done on location, or the data are transferred to
a computing centre of a service company. In any case, on the
location, a workstation will be installed very soon. The
service companies will make the first fast interpretation.
According to their field of specialisation, universities,
institutes and geological surveys will refine them. The
interpretations will concentrate on the evaluation of
lithology, mineralogy, elemental analysis, textural and
structural conditions, porosity, permeability, rock mechanical
parameters, stress field, velocity, and other local or field
parameters.

Finally, all measurements which have been carried out and all
available interpretations are presented in KTB Report 87-4
(measurements from 0 - 478,5 m), KTB Report 88-4 (measurements
from 478.5 - 1529.4 m) and KTB Report 88-7 (measurements from
1529.4 m - 3000 m) •
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Figure 2: The plan of borehole measurements for the pilot
borehole from August 21, 1987.

Abbreviations.
ttKP • f ..par.tyee, laT • loc.bol. Ceo••try Tool, Cl • C.... lay Tool, IS • Pluld...ple" a8TV • aoe.bol.
Tll••1ewar, AMS • Auxiliary x.••ur'.ant Sonda, SBDT • Stratigraphic 81gb al.elution Dlpcatar Tool, rHST •
roraatloD "feroSeannl' Tool, SDT-wr • Sonic Digital Tool· WI.t ror., LOL • Litho Dlna1ty Log, CNL •
Ca.pln.ata4 Neutron Log, NGS ••,tural C.... spectre••try, eLf. Clocbe.ieal Logging Tool. DLL • DUll
Lat.roloq. KSlt • MicroSpbarlcal1y 'ceu•••d Log, "1/80 • rt•• Po1Qt Indicator/lack ott, GlOPS. Ceopbone
Syr9ey, VSP • V.rtical S.i..ic Protiling, IP • Indyc.d Po1ari.aticn, T'" • Triaxial 'l~g.te MAgneto.ete"
erN • Gradi.nt r1uzgate xagnete-.ter, NtX • Theraal Conductivity Mea,ute.ent, IH-a • Electroaagn.tic
let1ection-aadar, eyro • eyro.cop., IBG" • Borehole Gravtaet.r, NSf • "echanic.l Coring, BfDRO'aAC •
Str••• "••,yre.ent. by .e'D' ot Iydrofr.cturing, DST • Drill St•• T.at, ITT • Bydrau1ic T.at Tool.

Abbreviations:
TDff ■ Temperature» BGT • Borehole Ceonetry Tool» CR • Gaaaa Ray Tool» Fs • Pluidsamoler . nnrv >

Auxiliary Measurement Sonde» SHDT - Stratigraphic High Resolution Dlpaet er Tool» FMST -
Formation MicroScanner Tool» SDT-WF • Sonic D ig i ta l  Tool - Wave For»» LDI* • Litho Denaitv Loo» cm «

I?03 / ?f  tura l  Gaftaa Spectrometry» GLT - Geocheolcal Logging Tool» DLL - ual
slrw sp“ Verticn°sSiMic  a i i o f l l l  i< T»1'09 ; ’? in t  Ind ica tor / B*cH Off ,  GEOPH - Geophoneaurvey» vsr vertical  Seiaalc Profiling» IP - Induced Polarisation» TPM - Triaxlal  Fluxqate Kaanetom»t.r

Fluxgate Magnetometer » WLM • Theraal Conductivity Measurement» EM*R - Elect  ronagnetlc

" roxcope» BBGM - Borehole Gravimeter» MSK - Mechanical Coring, HYDROPRAC -Stress Measurements by aeans of Sydrof racturlng» DST • Dr i l l  Stea Test» BTT - Hydraulic Teat Tool .
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Figure 2: The plan of borehole measurements for the pilot
borehole from August 21/ 1987.
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4. PROVISIONAL RESULTS

Since the end of October 1987, five intermediate logging runs
have been made in the pilot borehole. The data recorded is of
high quality. Provisional results from log evaluations show
information of high interest.

4.1. BOREHOLE MEASUREMENTS

(1) Borehole trend

The highly dipping lithology of 70° - 90° causes a permanent
deviation of the borehole; the dip direction is about sw.
Fig. 3 shows the horizontal projection of the pilot borehole
down to 2780 m, and Figs. 4 and 5 records from the Borehole
Geometry Tool and Borehole Televiewer. The breakouts or
enlargements are a measure of the stress field.

(2) Graphite and ore indications

The drilling mud resistivity is about 4 m, but the
measurements with Dual Laterolog (DLL) gives sometimes
resistivities of less than 0.2 Q m. Simultaneously, the Induced
Polarisation (IP) as well as the Spontaneous Potential (SP)
indicate high response signals, see Fig. 6. Due to the
geolog ical situation, the anomalous values can be explained
only by graphite and pyrite and/or magnetic material. This is
confirmed by results of core analysis. The destination between
graphite and ores is possible by using the Geochemical Logging
Tool. Pyrite layers show strong sulfur and iron responses.

(3) Open and/or closed fractures (a)

Based on experience, especially from the Hungarian colleagues
(ELGI), open and closed fractures can be separated by using
Induced polarization (IP) and Magnetic Susceptibility (KAP)
measurements in a borehole. The scheme is, where (+)
corresponds to high and (-) to low signal:

IP (+)

IP
IP

and KAP (+)
and KAP (+) -
and KAP (-) --

open fracture including Fe
closed fracture including Fe
closed fracture without Fe

These facts have been confirmed by observations on cores.
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Figure 3: Horizontal projection of the pilot borehole
including information about directional
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(4) Open and/or closed fractures (b)

Another possibility is given
Borehole Televiewer (BHTV),
(FMST), and the Sonic Digital

by using the results of Acoustic
the Formation MicroScanner Tool
Tool (SOT).

The BHTV measures the reflectivity of the borehole wall with a
rotating scanning device. Open fractures show strong
absorption of the acoustic amplitude, and closed or healed
fractures, most of the time, even better acoustic reflections
than the surrounding formation. The main advantage of the BHTV
is the recording of the complete circumference of the
borehole. The drawback is that the measur ing system reacts
very strongly if the borehole has large breakouts. A total
loss of reflected signal is the result.

The FMST records multiple resistivity traces from the borehole
wall over four sections, each 10 cm wide and at an 90° angle
from each other. These traces are either presented as
resisitivity "ribbon" or via computer image processing as
resistivity "picture" of the borehole wall. Open fractures
show low resistivities, as they are filled with mud. Closed or
healed fractures show high resistivities. The pads carrying
the electrodes are mounted on caliper arms, therefore making
this tool insensitive to variations in hole diameter. The
deficiency of the FMST is that for example with the 4-pad tool
only 52 % of the borehole circumference are covered in a 6"
borehole.

Both tools, BHTV and FMST, have magnetic north orientation,
but only the FMST has hole deviation sensing equipment. From
both tools, dip and strike of fractures can be computed.

With the SOT, the Stoneley wave (tube wave) can be evaluated
via the time coherence function. Open fractures affect the
tube waves strongly. computing the Normalized Deflected
Energies (NDE) from the Stoneley wave, we have a third method
for fracture or fracture system evaluation.

All three logging principles contribute valuable information
to the complex problem of fracture detection; see Figs. 7, 8,
and 9.

(5) Post Orientation of Cores

The mechanical orientation of cores during the drilling is
difficult, expensive, and in most cases non-reliable.
Therefore, the post-orientation of cores has a high priority.
Details are given in the Appendix, Poster 4.

- 93 -

(4) Open and/or closed fractures (b)

Another possibility is given by using the results of Acoustic
Borehole Televiewer (BHTV), the Formation MicroScanner Tool
(FMST) > and the Sonic Digital Tool (SDT).

The BHTV measures the reflectivity of the borehole wall with a
rotating scanning device. Open fractures show strong
absorption of the acoustic amplitude t and closed or healed
fractures, most of the time, even better acoustic reflections
than the surrounding formation. The main advantage of the BHTV
is the recording of the complete circumference of the
borehole. The drawback is that the measuring system reacts
very strongly if the borehole has large breakouts. A total
loss of reflected signal is the result.

The FMST records multiple resistivity traces from the borehole
wall over four sections, each 10 cm wide and at an 90° angle
from each other. These traces are either presented as
resisitivity "ribbon" or via computer image processing as
resistivity "picture" of the borehole wall. Open fractures
show low resistivities, as they are filled with mud. Closed or
healed fractures show high resistivities. The pads carrying
the electrodes are mounted on caliper arms, therefore making
this tool insensitive to variations in hole diameter. The
deficiency of the FMST is that for example with the 4-pad tool
only 52 % of the borehole circumference are covered in a 6"
borehole.

Both tools, BHTV and FMST, have magnetic north orientation,
but only the FMST has hole deviation sensing equipment. From
both tools, dip and strike of fractures can be computed.

With the SDT, the Stoneley wave (tube wave) can be evaluated
via the time coherence function. Open fractures affect the
tube waves strongly. Computing the Normalized Deflected
Energies (NDE) from the Stoneley wave, we have a third method
for fracture or fracture system evaluation.

All three logging principles contribute valuable information
to the complex problem of fracture detection; see Figs. 7, 8,
and 9.

(5) Post Orientation of Cores

The mechanical orientation of cores during the drilling is
difficult, expensive, and in most cases non-reliable.
Therefore, the post-orientation of cores has a high priority.
Details are given in the Appendix, Poster 4.



- 94-

s w N

._- -- ~
•

•fa_':':..1

•~-

KTB BH'IV FMST
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fractures due to the low resistivity of FMST.
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fractures due to the low resistivity of FMST.
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(6) Geochemical Logging

Geochemical logging was developped for the oil industry by
Schlumberger Well Services, and has now become an independant
factor for the scientific evaluation of crystalline rocks. The
geochemical logging tool is a composition of Natural and
Induced Gamma Ray Spectrometry Tool, Compensated Neutron Tool,
Aluminium Clay Tool, and Li tho-Densi ty Tool; see Appendix,
Poster 3. The core data is from the Field Laboratory.

The tool measures 10 elements: AI, Ca, Fe, K, Gd, S, Si, Th,
Ti and U and the microscopic cross section sigma. The element
to-mineral transformation is made by a factor analysis and, of
course, by calibration with core data (HERRON, 1983).
Furthermore, the transformation is also based on the fact that
only several mineral groups account for 97.5% of sedimentary
rock (KRYNINE, 1948): quartz (31.5 %), carbonates (20.0 %),
micas and chlorite <19.0 %), chalcedony (9.0 %), feldspars
(7.5 %), clay minerals (7.5 %), iron oxides (4.0 %), and
others (2.0 %). At present, only oxides have been determined
for KTB, see Poster 3; but later on calculations also for
other minerals will be carried out.

The heat generation H in vwm-3 can be calculated directly by
the well-known formula (Rybach, 1988):

H = 10-5 P (9.52 Cu + 2.56 cTh + 3.48 cK)

where

density, kg m- 3
parts per million of uranium and thorium
percentage of potassium.

The results are shown in Fig. 10.

The next step will be to calculate the thermal conductivity
by well-known formulas directly from the mineral components as
well.
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Figure 10: Logging data of density (~), uranium, thorium,
and potassium as well as the calculated heat
generation H.
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4.2. ATTEMPT OF INTERPRETATION

By now, 2800 m have been drilled. Core data as well as 2200 m
of logging records are available. A first attempt is made to
integrate this information into the crustal model developed
for the KTB borehole location, but applying a /:; z > 100 m
scale only.

(1) presently discussed crust model

Fig. 11 shows a simplified geological profile through the KTB
location (KTB Report 88-1, Fig. 1), which is mainly based on
seismic results (DEKORP Research Group, 1988). Fig. 12 is a
refined version of the DEKORP results (SCHMOLL et al. 1988,
Fig. 36). The thickness of the so-called Erbendorf-Body (EB)
has been reduced.

In Fig. 13, on the left, the new DEKORP results are repeated
incorporating the magnetic body found by PUCHER (1986). The
velocity-depth function for the KTB borehole location is
presented in the middle of Fig. 13. The solid line represents
the results from the wide-angle reflection survey (DEKORP,
1988, Fig. 45) and the dashed line the results from reflection
survey (SCH~IOLL et al. 1988, Fig. 55). The velocity values
represent the wide-angle reflection results. From borehole
measurements and cores, the dip of the foliation of the
lithological units and fracture systems ranges between 70° 
90· to a depth of 2000 m and 50° - 70° below 2000 m. This
corresponds with the predictions given by the reflection
elements within the zone of Erbendorf-Vohenstrau~ (ZEV) on the
seismic section.

On the right of Fig. 13, the values of electric resistivity
soundings from surface measurements below the KTB borehole
location (GEOMETRA, Fig. 5.21) are given. Neglecting details,
the following can be seen: The upper region with 100 - 200 ~ m
corresponds to the revised seismic interpretation (dashed line
of velocity-depth function). The second interval with 100 
200 ~ m at 11.5 - 14 km depth coresponds to the older version
with the high velocity zone (solid line of velocity-depth
function). with the zone of high conductivity (R > 50 ~ m) only
a weak correlation with the seismic profile can be
established.

The already recorded borehole data (cores, logs, etc.) allows
for a more detailed interpretation. Taking in consideration
that the dip of the lithological units is high, and that all
seismic profiles come from seismic lines recorded at a certain
distance away from the KTB-location (about 400 m), certain
differences are possible.
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4.2. ATTEMPT OF INTERPRETATION

By nowr 2800 m have been drilled. Core data as well as 2200 m
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(2) Borehole Measurements - present Status

The latest series of borehole measurements was made at 2200 m
depth; further down only temperature- and borehole geometry
logs are available.

On Fig. 14, the basic information is the lithological profile
representing units with~z >100 m only (KTB Report 88-1, 88-2),
and both seismic reflectors from Fig. 13 at about 1 km and 4
km depth as well as the estimated temperatures (hatched area)
including the expected minimum and maximum values (dashed
lines) after BURKHARDT et al. (1986). The borehole section
which had to be cemented after an unsuccesful fishing
operation is also indicated.

Additional mean values given on Fig. 14 are: electric
resistivity R, seismic velocity V , denSity!, heat production
rate H, magnetization I, the a~plitude 0 magnetic vertical
intensity ~ Z, and the actual temperature depth function. The
actual measured temperature depth function is based on 6 non
corrected values from the pilot borehole. The actual recorded
temperature is greater than the expected maximum temperature,
but it es in a good agreement with the map of temperature at
5 km depth (GRUBBE et al., 1983) as shown in Figure 15.

The top interval from 27 - 385 m shows a sequence of different
lithologies, strongly altered, therefore unstable, creating
breakouts and thereby reducing log quality. This zone will
only be discussed in general terms for the time being.

The vertical magnetic intensity ~Z indicates around a depth of
335 m a change in response. BOSUM et al. (1988) attribute this
to different magnetic minerals in the rocks - above 335 m
magnetite and below pyrrhotine. This has been confirmed by
cores.

At 1160 m depth, the lithology changes from gneisses to
amphibolite, which is also shown by H, P , V, and R. The lower
boundary of the amphibolite is clearly indicated by Hand p ,
whereas V and R decrease continuously. The upper boundary is
obviously identical to the 1. seismic reflector of Fig. 13
(solid line). A direct corr-elation has to be considered with
care due to the highly dipping 1 ithology. The first results
from geophone surveys (0 480 m) and vertical seismic
profiling (480 - 2200 m) indicate neither the upper and lower
boundary of the amphibolite boundary nor the 2. reflector at 4
km depth from the reflection seismic profile.

The 3-dimensional magnetic boundary (Fig. 13) correlates
roughly with the low resistivity region of 100 - 20011 m from
the surface-electromagnetic measurements - down to about 2000
meters depth.
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Figure 14: Logging results compared with other information.
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Due to the high resolution of electrical borehole
measurements, the measured data are much higher than from
surface measurements, recorded by means of electromagnetic
methods. Layers of high conductivi ty - graphite, ores - are
dominating in the surface measurements and reduce the overall
resistivity if integrated over zones of!J. z > 100 m. Combining
both methods, a model of parallel resistivities can be
constructed for the first 2200 m of formations. In Fig. 16 are
shown the depth sections having R <1, R <10, R <100, and R
<Soon m. Considering also the dip of the lithology it follows:

Limit of Range Mean value Corresponding total
resistivity depth section

( n m) ( n m) (Q m) (%)

R >500 500- 100000 50000 = Rl a l = 92.5
R <500 500 - 100 300 = R2 a 2 = 4.7
R <l00 100 - 10 55 = R3 a 3 = 1.7
R < 10 10 - 1 5.5 = R4 a 4 = 0.9
R < 1 1 - 0.1 0.55 = R5 as = 0.22

The parallel resistivity Rp can be estimated by means of
(a = 100):

which amounts to

Rp 160nm,

and which is in good agreement with the measured value
Rp = 100 - 200 n m from the surface.

The Dual Induction Log (OIL), which works reliably only up to
about 100 n m, has shown surprisingly good data in the
crystalline pilot borehole. The calculated R value amounts to
about 110nm. This is again in a good ~greement with the
surface measurements, and this is also the reason why the OIL
worked so well.

The densitiy
measurements,
Fig. 36). Thlj
of 2.80 g cm

of the ZEV, determined
is 2.80 g cm- 3 (PLAUMANN
value corresponds very well
from borehole measurements.

by surface gravity
& PUCHER, 1986,
with the mean value
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Due to the high resolution of electrical borehole
measurements/ the measured data are much higher than from
surface measurements/ recorded by means of electromagnetic
methods. Layers of high conductivity - graphite/ ores - are
dominating in the surface measurements and reduce the overall
resistivity if integrated over zones of A z > 100 m. Combining
both methods/ a model of parallel resistivities can be
constructed for the first 2200 m of formations. In Fig. 16 are
shown the depth sections having R <1/ R <10/ R <100/ and R
<500Qm. Considering also the dip of the lithology it follows:

Limit of Range Mean value Corresponding total
resistivity depth section

( Q m )  ( Q m )  ( Q m) (%)

500- 100000 50000

The parallel
(a = 100):

resistivity RP can be estimated by means of

+ a./R. + a c/R c4 4 5 5a/Rp = a Rj + a 2/R2 + aj/Rj

which amounts to

Rp 160 Q m/

and which is in good agreement with the measured value
Rp = 100 - 200 Q m from the surface.

The Dual Induction Log (DIL) r which works reliably only up to
about 100 Q m f has shown surprisingly good data in the
crystalline pilot borehole. The calculated R value amounts to
about 110 Q m .  This is again in a good agreement with the
surface measurements/ and this is also the reason why the DIL
worked so well.

The densitiy of the ZEV/_ determined by surface gravity
measurements/ is 2.80 g cm J (PLAUMANN & PUCHER/ 1986/
Fig. 36). This value corresponds very well with the mean value
of 2.80 g cm from borehole measurements.
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Figure 16: Resistivity distribution for R< 1,10,100 and 500l2m
fran the Dual Laterolog; 1lXl=Laterolog Deep.
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Figure 16:  Resistivity distribution for R<  1 ,10 ,100 and 500£m
from the Dual Laterolog; IDD Laterolog Deep.
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KTB BOREHOLE MEASUREMENTS
OBJECTIVES, REALISATION
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KTB BOREHOLE MEASUREMENTS
OBJECTIVES, REALISATION

Main Task

Realisation of geosdentlf Ic objectives to measurable physical
rock parameters, chemical elements, mineral components, fluids,
heat and mass transport as well as physical field parameters.

Kean Sea Level
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E
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•Lower Pecker

Ukm,  T * 350-C, P| • 3.7 kbar

Strategy:

A * Equipment

• Classification of logging equipment with regard to temperature
and pressure limitation

• Examination of methods which have bean developed for sedimentary
rocks to ascertain whether they can also be applied to  crystaline
rocks with possible Improvements

• Design and construction of now speciality equipment,
upgrading of existing tools

B-  Measuring Concept

• Permanently skid-mounted unit linked with a computer centre a t
the drilling site

• Conventional measurements during drilling
• Geophysical Key Projects during and af ter  drilling
• Deep Earth Laboratory a f ter  well completion

Realisation :

A - Equipment

Working groups have been established for research and development.

B -  Measuring Concept

Conventional measurements will be carried out In accordance
with the recommended priority l ist, describing the:
• Thermodynamic s ta le  of the earth's crust by means of

temperature and pressure measurements
• Pore fluids and flow regimes by means of porosity and

permeability measurements, eg .  Dril l-  Stem-Test* ,  nuclear
and acoustic methods

• Structural and textural configuration by means of the
acoustic televiewer and formation micro-scanner*

• Drilling prognostication by means of vertical seismic
profiling

• Borehole stability

Geophysical Key Projects which necessitate measurements In an
ultradeep borehole, such es:
• Selsmlcs, multi-off  sot VertIcal-Selsmlc Profiling for the

Investigation of  crustal anisotropy and absorption - 3 -D
seismic recording

• Geothermics, Influence of palacocllmato temperature on the
actual temperature field and heat-f low density

• Transient electromagnetics, probing the upper crust's
conductivity by moving current systems

• Gravitation constant, confirmation of depth dependency

Deep Earth Laboratory In the available completed ultradeep
borehole:
• Time-consuming measurements, which otherwise could require costly

stand by time of the drilling rig, e.g. magnetotcllurlc measurements,
fluid Influx, etc.

• Long-term' observations of transient phenomena e.g, earthquakes,
mlcrosalsmlclty, rock stress and deformation

• Tr»d««wk SchluabergerHj f COj, HjO. CHi, etc.
Fluid Transport

Thermal Conductivity Probe |TU Berlin)
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KTB BOREHOLE MEASUREMENTS
RESEARCH AND DEVELOPMENT
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High ..nlltlfll, !O.lnTlI.w·....I.. IIIIJ"" ...t••,tor
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KTB BOREHOLE MEASUREMENTS
RESEARCH AND DEVELOPMENT

To solve th* expected problem* »or* than 3S project» ar* In
progrm covering 4 target*.

Acoustic Boraholt Televiewer
Principle of standard version:

’SR

Electronic*

Synchron-Motor

Magnefomtlerx fflIIMM
Magnetic Earth

:diB
Rotating Head ffll

“ lUMIMrai l
Sonic Transducer

Reflected Ultrasonic Vortical Distance: Bon
impure

Fundamenta l»

Ob jec t ives :

Systematic approach to cryatatlln* environment, such a* eg  :

• Porosity, permeability [Univ. of Clauethall
Theoretical consideration of th* factor* influencing th*
chang* of porosity and permeability of crystailkie rock*.
Status: The work I* in progrm

• Induced Polarisation INLfB, Hannover)
Investigation of way* to determine th* permeability f ro»
Induced polarisation.
Statu«: Preliminary study

• High pressure Permoameter/Porosimeter {Univ of Clausthal)
To measure porosity, permeability, Klmckenberg and
Forchheimer Constant and to evaluate the upper bait of
Darcy velocity of crystallin* rocks
Status: Equipment built and ready for first measurement*

Cora Measurement *

Object ives  :

Determination of petrophysical data under simulated in situ
conditions for calibrating logging data, correlation with
chemical and modal compositions, Interpolation to large scale
unit* and intrinsic characteristic*. such as e g :

• Acoustic velocity (Univ, of Klei)
and V, under P-  and T -conditions Estimation of str***

field using shear wave splitting
Status: Results arc already available

■ Magnetic parameter lUnlv. of Bayreuth)
Coercltlv* force, permanent saturation value, »as.
susceptibility, paremagnetic susceptibility, Rayleigh constant.
Status: Eiperlence from Laboratory, preparation of KTB

core measurement.

Main Problems:
al decentr all* alien of televiewer

lor non-circular boroholaI
bl temperature limit

Present Status

Principle :
rotating of a single sensor

l o reho le  Wa l l

In te rpre ta t ion

Objec t ive» :

Study of new and existing method* to crystalline environment,
such as eg . :

• Faclolog"IUniv. of Aachenl
Development of a lithological borehole profil* from logging
and geological data.
Status: Results from pilot borehole ar*  available

• Porosity, permeability (Tech. Univ, of Berlin)
from logging data and us* of statistical methods.
Status: Preparation of basic work.

• Thermal Flowmeter IMLfB, Hannover)
Determination of smallest yields of productlon/injtction
tests from temperature measurements with high- sens!vlty
and low-tlmo-constant tool
Status: Method has been field- tested, Improvement of

theory

Too l  Deve lopment

Ob jec t ive» :

Development and Improvement of tools up to about JOO’C
with regard to the scientific objectives, such a *  eg.:

• Acoustic Televiewer IWestf. Borggewerkschaftskasse.
Bochum)
(I I  Adaption of existing tool for high temperatures
12) New sequentially switched multisensor tool for high

logging speed*
13) Sophisticated Interpretative package for ( l |  and 12)
Statu*:  111 already working up to 240*C, (21 and 13) in

development.
• Thermal conductivity tool (Tech Univ of Berlin)

Determination of thermal conductivities by heating within
pickmr-iiolmtmd section i f  Ihm borthol i  and monitoring
the temperature rise.
Status:  Upgrading of prototype toot for Skm depth.

• Trlaxlal borehole magnetometer (Univ, of Braunschweig)
High sensitivity (0.1nT) lew-noise fluxgala magnetometer
equipped with toroidal sensor*
Status: Prototype sensor has been tested up to 300*C

• Borehole susceptibllltymater lUnlv. of Munich)
To determine rock susceptibRItle* In situ by sensing th*
Impedance coupling of a solenoid pair.
Status: Improvement of prototype tool from 12S*C to

200-»0»C

Under DevelopmentObjectives of Research:
al Introducing a self-focusing eystem
b) upgrading of temperature limit

Principle:
fixed system with several
sensors

focused Acoustic
Scanner

Boreholt Walt

Televiewer (WestfUHch* Berggewerkschaftskasse, Bochum)
Trademark ScHwmOar|«r
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KTB BOREHOLE MEASUREMENTS
RESULlS, EXAMPLE 1

Gu("ollliul Mlntral LoggIng· thl lutun nn lIirt,,.

Adunhgu: fut 'Ad continuous inlot.afion "'ilh high
",uru,

Audlat1

""'I,II'I••nt Sonde

AI (. F, tid Ie 5 Si Til 11 U........

,;
I.

Tell Cabl,.. ,
CoUllHlkaUon

K ~
H.turll Ga.._

U
At' Specto"o" Toolrh Ott,d.,

•••

._ l~

<
). ...

COIl,.nut.d
N.utron Tool T,p. 'G'

Callfornlu_ 252 Source

.,,.

J.'
",

•••

AI

51
fo
C,
TI
G.
S

[i
.,1

Ott'''.r

Attlvtllon ctt, Tool

l:it.~. RIY

Sp.dnacopy T,ol T,po 'A'·

.......
I

II Boton Stltve

.'1
Od'dot

I.a ~

lit", Oonllt, Tool-

Olhu Inl.nullon:

Till .I.monts Ind uldu ",UI b. und for .....hlillon ., ..In.nl coni tnt
.r totkl. Furlho,••tt, tho Thua,l CondlKti,ltr ()J. Poroslt, 1tJ.
P"aubilltr Indlll lid and the Rodl Slr,nglh will .Iso b' d.tlr.unld
but art not ,.t uu.bl•.
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KTB BOREHOLE MEASUREMENTS
RESULTS, EXAMPLE 1

Geochemical Mineral Logging - the future has started

Advantages; Fast and continuous information with high
accuracy

Elements (paiata repromt core date horn Field Laboratory)

AI Ca Fe Gd K S Si Th Ti U

X
u
Th Detector

Californium 252 Source

Aluminum

Activation Clay Tool
Na I

Detector

SI
Fe
Cl
Tl
Gd
S

Ha l
Detector

Auxiliary
Measurement Sonde

Tola Cable

Communication

Natural Gamma

Ray Spoctoscopy Tool

Compensated
Neutron Tool Typo ‘G*

Glides (palate ropresoat core data from Field Laboratory)

SiOj AljOj FejOj TiOj CaO Ka0

Km

Gamma Ray

Spectroscopy Tool Typo ’A'*

Boron Sleeve

Other information:

The elements and oxides will be used for evaluation of mineral content
of rocks. Furthermore, the Thermal Conductivity (M, Porosity Idl.
Permeability Index (kJ and the Rock Strength will also be determined
but are not yet available.

Litho Density Tool*

Trademark ScNimberear
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KTB BOREHOLE MEASUREMENTS
RESULTS, EXAMPLE 2

Post-orientation of cores by means of Acoustic IBHTVI and Electrical IFMSTJ Scanner
Acoustl, hlui,..,u

18HTVI Rllbllwilr RIC.rd,
" fttST

-

-

IU

-...

...

1nt:1~.lIotl dIU' ,.,. BHW .. fHS T

10.0....
"..........
00.'

f
j 70.0

:z
j

....

tN! 110
N 0

s

XII t 110 110
S W N 0

10.0
zo.o
)0.0

AO.O....
....
10.0

....

.)lIl) 1 110
S W N

- D.plh nrnldlon .1 cor. Ina un-wnpplng
..,llh 8H'" ,nd fHST

- VlIIl.1 IUrth for ,o.ptUbl, "fudlltu l'tulUl'lI, ''''''''',
'oli.llonl.

- O.hrlllln.llon .1 dip ••~n1lud••nd lIiMlllh .1 IlnulOkI.al elM'"a In IHTV.
fHST. ,.,. "tipping, .nd u..,atiun .1 ,,,ulli ""Uti "'1111 ....""'•••nll
on co, ..,
8HW .nd FHST If••qulpped wilh lII'i)nllk IIOfth "ltnlliion. (otn II'llI
c.,. wnppin9 In lIIMkld with nhnllU lin•.

- AdJ""'lIllnl 01 con "hflnCt lin, UtlUI north wltnhtlon

- C,.puhllon .r Irll' dip 1M IIr•• ~, CDI'''tlion 'or Iltnhof, lI"i.,..,
Wl6 .,I,nhllol\.

- In dnll.pAltlI: ''''1, In'.,nhd ",nlllll." ',Ih. lor Int."cU...
,plr.llon on COMpute, workltllion
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KTB BOREHOLE MEASUREMENTS
RESULTS, EXAMPLE 2

Post-orientation of cores by means of Acoustic (BHTV) and Electrical (FMST) Scanner

Acoustic Televiewer
(BHTV)

Formation MicroScanner*
(FMST)

Resistivity Records
of FMST

Inclination chart for BHTV t FMST

iqo
>oo.

10.0 -----------
M .o
JO O
40.0
M.O  —

— -10 .0
-yo.o

— -30 .0
-40 .0

- -50 .0

Working stops;

- Depth correlation of core and cor a-wrapploq
with BHTV and FMST

- Visual search for comparable structures (fractures, feature
foliation)

- Determination of dip magnitude *nd azimuth of sinusoidal curves on BHTV,
FMST, core wrappings and comparison of resul ts  with actual measurements
on cores.
BHTV and FMST are equipped with magnetic nor th  orientation Cores and
core wrapping are marked with reference Ina

- Adjustment of core reference line versus nor th  orientation

- Computation of t rue dip and str ike by correction for borehole deviation
and orientation

- In development: fully Integrated correlation system for a t t rac t ive
operation on computer workstation

— -SO.O

In
d

ku
ti

o
ft

/d
e»

70.0 ---------- - - 70 .0

10.0 - -S0 .0

' ' iw  ' no
N 0

I 100 2W i»0 itO
S W N I

” w ' z io  Yeo '
s W H0

Core-photo Core-wrapping
Dep lh /m

I f adotark ScNiMkarpr

Ailmuth/deg.
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