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Background: error in Sec 4 crushed zone
permeability due to rock anisotropy

= Rock is anisotropic with respect to permeability - How does this

influence the accuracy of a k-4, permeability measurement:

= AP RP 19B Section 4 Perforate-and-Flow Test:
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to API RP 19B Section 4 tests
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Background: theoretical rate index, R,

APl RP 19B, Section 4:

2 [ kD 3 r.R \ dv; 0v; op 0%v;
Rl = ok kz( ) Fvi— | = | Fpgi + S;
T u |In(R /) \/ WANR —1.) p(at fax,-) 0x; 'uaxj(?xj PILT =i
kqx = "axial permeability”; k= "diametral permeability” 5; = —(Tijle T P,Bij|v|vj); rij = ki_jl

RER

© Society of Petroleum Engineers (SPE). Figure 5 of Halleck, P.M.;
Dogulu, Y.S. (1997); reprinted by permission of SPE whose permission
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Background: permeability and viscous
resistivity

Darcy’s law (permeability): Darcy’s law (viscous resistivity)
q; = —u"k;j0P/0x; —0®/0x; = uryjq;
Ty = kij'

cofactor of k;;
detk;;
cofactor of k;; = €;x1€jmnkmikni/2
detk;; = €;jxk1ikzjkay

rij =
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Background: magnitude of symmetric 2nd-
rank tensor

S11 S12 513
Sij =521 S22 533 JSij — Sji
531 532 S3s.

a; = Sl]b] (2)

 la] cos(6)
b;]

(3)
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Background: experimental measurement
= |a;| cos(8) /Ib;| (3)
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—0®/0x;

* Thin-disc, D/L > 1 * longrod, D/L K1
* Vector —0®/0dx; forced along x4 * Vector g; forced along x4
q; = —u ki1 0P /0x, —0P/0x; = uri1q,
* From Eq(3), measure g4 to * From Eq(3), measure
determine k44 — d®/0x4 to determine 14
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Background: experimental measurement
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Background: experimental measurement

t _ -1
s 1 kl] —T'l-j 14

" 1.07 —0.20 —0.12] 4 13 67
r;j(x,y,z) =[-020 0.06 0.01 |md™* kij(x,y,z) =113 62 17|md
—-0.12 0.01  0.05 6 17 29.
1.12 0 0 0.09 0 0
r;(x',y,z')=1 0 0.05 0 |md?! kij(x",y',z)=| 0 215 0 |md
0 0 0.014] 0 0 727
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Questions

What dimensions does the sample need to have to yield k with a certain desired accuracy or, more generally, what

Is the relation between the geometry of a cylindrical sample, expressed by the D /L ratio, and the apparent

directional permeability k, for a given anisotropy k;; and measurement orientation u;? The same can be asked for

r.

Note, for finite-dimensioned samples, apparent directional k or r in the u; direction measured using a conventional

axial permeameter :

(] k — %
a  AAD
. _ AAo
¢ QuL
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Numerical model

True k.,
20 0 0 105! 95 0
ki; (x,y,zZ)=(0 1 0fmd kij(x,y,z) =195 105 0| md
0 0 1 0 o0 1
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S i m u lati O n res u lts D/L | Pressure Contours and Flow Velocity Vector Field

D/L Ratio
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Simulation results

¢ k, =

_ ouL
AAD

_ AAD
QuL
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Simulation results
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Simulation results

® ka ---- kaS5PLfit Eqn(24)
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Simulation results
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Simulation results
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Simulation results Dmitriev, k,(D/L, ki, i, ;)
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Error (%)

Additional results & P s B T
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Answers part 2

0: What dimensions does the sample need to have to yield k or » with a certain desired accuracy?

A: The required dimensions (D /L) is a function of k;; and u; (a) which can be solved for.

90% Accuracy 99% Accuracy

7 26

G 21
e k1/k2 e k1/k2
=] —e—33 =] —e—33
o 4 O
o —10 c — 10
o ~ 11
a 3 > ~a 33 (- , 33

2 e 9 100 ° / -9 \. 100

O 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 O 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90
Angle a between maximum principal k; and core's main axis Angle a between maximum principal k; and core's main axis

Example 2D anisotropy, required D /L vs desired accuracy plots for directional k as f (k1 /k,, a).
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Analysis of core dimensions for measurement

accuracy
An Example Method

Cut plugs of
certain D/L and
perform
measurements

Determine
accuracy of the
permeability
tensor k;;
previously
determined

Determine
permeability

tensor k;; from

plug
measurements

Evaluate
accuracy
achieved for the
individual
measurements

IPS 24-4.2 On the measurement of permeability anisotropy and associated error: application
to API RP 19B Section 4 tests



Summary

= Accuracy of k. is dependent on accuracy of k-4, Values measured and used in R1, calculation
= For finite-dimensioned samples, k, and v, = (D /L, k;j, 7, u;)
» Approximate analytical expressions for k, and r,, exist and can be used to approximate measurement accuracy

= Thin disc experiment, D /L >> 1 to measure k,

= Long rod experiment, D /L << 1 to measure 7,
» Six or more independent directional measurements are needed to determine the full tensor

>When one tensor is determined, its reciprocal (matrix inverse) is also known

= A real-world example of experimental data substantiating the 3D tensor theory of viscous resistivity (and permeability) for a

geologic porous medium has been presented
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For nomenclature and additional info

McGregor, J. (2023). The effect of sample anisotropy properties, dimensions, and imposed no-flow boundaries on the
measurement of directional permeability and viscous resistivity. Sympasium of the Society of Core Analysts. Abu Dhabi, UAE:

Society of Core Analysts.
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QUESTIONS?
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