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Kontinentales Tiefbohrprogramm der Bundesrepublik Deutschland
Permeability Estimation from Logs based on
a new Petrophysical Model

The Clausthal Concept

1. Present Downhole Measure -
L ments Related to Permeability

® Cable Tester (FMT, RFT)

— Point Information from By B Curve 10 § Somencal Fow oo
Pressure-Buildup/
Drawdown Curves
{Homer-type Plots)

@ Acoustic Logs

— Aftenuation of Compressional Waves
— Travel time and Amplitude Ratio of Tube Waves
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® Electrical Logs

— Infiltration Profiles

— Irreducible Water Saturation

— Induced Polarisation

— Complex Resistivity

— Intertayer Conductivity ==

® Nuclear Magnetic Resonance (NMR-) Logs

— Free Fluid Index
— Spin-Relaxationtime o

® Natural Gamma-Ray Spectrometry

— Thorium Concentration =

Permeability from Logging Parameters with strong
Correlations to Specific Internal Surface!
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—E)—l' Linking of Measurable Log-Parameters to Permeability by
™ | Structural Models of Intergranular Pore Systems

@ Conceptual Model for a Bundle of Capillary Tubes (KOZENY/CARMAN 1913, 1956):
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Permeability K = f (Tortuosity T--(-T‘:-—)2 , Porosity @ = 2 . mean effective hydraulic radius r.,,,)

Ve
introducing the Concept of FORMATION FACTOR F = T/ and replacing rwg by the Specific Intemal Surface S
Vw ‘
Tm ~ — ?—- (2)
ans por

Reduces Permeability Estimation to 2

@ New "PIGEON-HOLE"-Model for Self Similar Pore Structures
(PAPE, RIEPE, SCHOPPER 1981):,
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In real Rocks Spor is composed of structures of different
order of magnitude, i.e. the pore wall surface has a
Fractal Dimension D (according to MANDELBROT 1977).
For sedimentary rocks D =236 could be confirmed
expenmentally.

The fractal theory implicates that Spee -values. measured
by different methods with different "yardsticks" i, are
related by a Conversion Factor Q

log Q = log

Spor (11)
Sewr (.12) Az

= (2-D) log—\- @

Derivation of a General Permeability
Equation
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In nature the self similar pore structures can be changed
by Diagenetic Processes:

@ Anincreased surface by additional "Lamellae structures”,
e.g. by clay minerals:
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@ A smoothed surface, e.g. by cementing minerals

The influence of both types of surface changes on permeability can be
quantified in the model by the introduction of one single
Lithology Factor qo

Application of the complex model to hydraulic flow processes results in the
"PARIS” -Equation:

log (K- F) = arlog (Spor /Go) + P ®)

The model-constants a and [5 depend on D from fractal theory and on
Aji from surface area measurement.
In case of Sp derived from BET-adsorption measurements:

if Kin Darcies and Spr in pum™ = m2/crm?.

The Lithology Factor g, can be deduced from empirical correlations
combining Core and Log-Data.

(e 4 BET = —311
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Experimental Verification of the Concept

lla Experimental Proof of the
PARIS-Equation

b General Flow
Chart

Laboratory measurements on a
great vanety of sedimentary rocks .
corroborate the general validity of

i K Fla-31 1ogSper -2 68§
the model derived PARIS-Equation: - 8 |
The deviations from the Model { &
Line can be used as a direct it L% !
method to calculate the Lithology | B

Factor .. i
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Practical application of this Equation needs the use of
Log-derivable surface dependent parameters P (Spor ).

The resolution power of present methods for determining
Soor is different:

Increasing Resolution power A in M ——— &
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Fage "UOM PESwELRILITY MEASUSEMENTS

for the Derivation and
Control of adapted
Permeability Equations

Derivation of a Theoretical
Relation
for each Parameter
P=f(Spor)

[

Experimental Control i
P = f (S por. geT)

4

Replacing S por, ger by
£ (P) in (5)

|

alculation of " Yardsticks”
A, (P)in (4)

{

Derivation of Equations
analogeous to (5)
with Calculated Model
Constants a(P) and 3(P)

for ,l; = Tryd

{

Final Result:
K = f (P.qo)

§

Experimental Verification
with Core Data

}

Application to Logging Data




™ Pemeability

General Conductivity — Equation for Porous Media:

from Electrical Measurements

1 :
Co = £Cw + Cs *

(6) \
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CS-

a
F " Spor

Rock Conductivity = Pore Fluid Conductivity + Interlayer Conductivity Cs
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Combination of electrical and hydraulic parameters:

Cg = 858 -

103 .

Cs in S/im
@ Mhyg IN (M

Final Result:

Simplified "2nd PARIS-Equation” (1984)

4 4 -3
Kg = 058:10*- F* - C$ - qq

Kg in Darcies
Csin S/m
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. Permeability from Nuclear
I Magnetic Resonance (NMR)

Based on Correlations of Spor With Spin-Relaxationtime t, and

Free FAuid Index (FF).
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Final Result: Simplified "BUDAPEST-Equation” (1985):
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Permeability from Natural Gamma-Ray Spectroscopy

___ Experimental Verification

The accumulation of Thorium (Th 4+) in sedimentary rocks 1s governed by adsorption
mecnanisms.
Consequently, Th-Concentrations Cr, determined from Laboratory GR-Spectra show
a direct relationship to Specific Surface Sy referred to the unit rock mass.

h
CTh=aTh-S

= (D ) Spor
-0 p,

(12)

Average Mass of Thonum-ons
per Surface Area

= Matrix Density in g/cm?

THORIUM CONCENTRATION <), 1 ppm

SPECIFIC SURFACE Sg n milg —=

Ky, from ABERDEEN - Equation w Darcies —
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CORE PERMEABILITY K n Darcies -

Final Result:

” ABERDEEN-Equation”(1986):

475 (1—Q)
Km="F [T
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b _~| Field Verification Example

Verification is based on treating Core-Data (K, 0, F, P P
and Thorium Content from Spectrometry-Logs

Empirical Proof of the Relationship K = f (Cy,)
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Proof of Model Theory
Determination of qo = f (Cm. QD)
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PERMEABIITY = Dercass ——am| UTHOLDOY FACTDR|
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Reservoir Section of Lower Permian Gas
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Calculation of hydraulic radius rp,

from Equations (8) and (7):
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CORE PERMEABILITY i Darcies —

Mhye results from Cq-Log Data
and @, F Core Data
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fhya results from Mercury R-Curves
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