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Simulation of NMR-relaxation

Start with a pore radius distribution
and a model of diffusion coupled pores

End with a relaxation time distribution

16xV13

cluster of pores

simulation of NMR-

3 x R0 R10_12 relaxation
T | 16x
V10 V1 using a corresponding
R10_11 R12 13 electrical circuit

V11 V13




Simulation of surface relaxation

for one pore class
and longitudinal magnetization

corresponding
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electrical circuit

RNMR

Ryi= pl_l/S

T=R C=(p,"/S)V
= (p, 1/3)



Simulation of surface relaxation

for one pore class
and transverse magnetization

corresponding
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electrical circuit

RNMR

Ryww= P, /S

T=R C=(p,/S)V
= (p, 1/3)
0,=5.85p,(9.53/r)""



Simulation of surface relaxation and
diffusion
for two connected pores

R1_2: D ! ldiff/ A

Cross

corresponding

electrical circuit

Rl,NMR R2,NMR




NMR relaxation

P(t)=YP relaxation curve
=i of pore cluster

normedto P_,=1

for isolated pores relative volumes V; with
Pi :Vi exp [_ij ZVI =1
T i=1

T, Is a function of pore

radius r;
for connected pores
n t The relaxation times T, are
R= Z,bij S common for all connected
d : pores, however the
Zn:bij _v coefficients b;; are different.
j=1 Some b;; may be negative.

relaxation curve of pore cluster
from coefficients of connected pores




analytical calculation of NMR relaxation

by solving a system of linear differential equations

example for a cluster of
V3 V1
three pore classes 16x
11 X
Y'=AY
Pll
Y'=F, Y=R P, P
A= g
RNMRl h 11 Rdiffl 2 h - : b
(( ) + ( A ) ) 11(Rd|ff,1_2) 0
C, C,
—( Ritr 1 2 )_1 (( Rywr 2 )71 + ( Rt 1_2 )71 +16(Rdiﬁ 2.3 )l) —16(Rdiﬁ 58 )_1
CZ CZ C2
0 = ( Ryt 2.3 )_1 (( RNMR,S )_1 + ( R 2_3 )_1)
CS C3
-1
RNMRJ - ('Osi) Rt 12— D_lll_ZAcross,l_Z

_ AN-1
Rdiff,2_3 =D I2_3A:ross,2_3



relaxation time distribution

for sub-clusters

16xV13

relaxation function
of sub-cluster

16 vs’ 3 X.Dv11 sub-clusters

16x 16xV13

V7 3 X



relaxation time distribution

for longitudinal magnetization

_ indication of
iIsolated pores connected pores diffusion process
coefficient posmve negatlve A
coefﬂment coefficient
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relaxation time distribution
for longitudinal magnetization

for the complete cluster

P | |
1.00007 | . coefficients of isolated
. pores
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P
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similar results by Arns et al.,2005
on the base of digitized core images
and NMR response simulation by random walkers



relaxation time distribution

for transverse magnetization

isolated pores connected pores
coefficient positive negative
coefficient || coefficient indication of
diffusion process
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relaxation time distribution

transverse magnetization compared to
longitudinal magnetization

; Isolated pores
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