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* Permeability prediction
from measured NMR decay
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Halbach core-scanner

* Weight: 8 kg

*B,: 03T

*G: 0.3 T/m

* Frequency: 13 MHz

Anferova, S., Anferov, V., Arnold, J., Talnishnikh, E., Voda, M. A., Kupferschlager, K., Blimler, P., Clauser, C., Blimich,

B., 2007. Improved Halbach Sensor for NMR Scanning of Drill Cores, Magnetic Resonance Imaging, 25, 474—480. S
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NMR Relaxation Rates
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EEEENEEON for permeability

10° 3
] Low porosity sandstones AN e, S8k
'§
10 - d< 11 % " , .
° =
_. 10" % o &
o ] o o°
% 10 3 0 a = 4 mD/ms?
N i o
< 10°
10 3 e
: w k : permeability [md]
L % - T, - logarithmic mean of T, [ms]
10-6 T T T Py T Ty v o 1

10° 10° 10* 10° 10? 10" 10° 10' 10° @ porosity [

kgas [m D]

9/15

Motivation Instrument Relaxation Model Theory | Permeability Conclusion



ERRERENIElation map

signal amplitude

[a.u.] AC15: ®=9%

Sandstone sample

3 25 2 15 1 -05 0
log T, [s]

10/15

Motivation Instrument Relaxation Model Theory | Permeability Conclusion



e -
L e e e o e B R e e e e e Rt B e B e e it i o B B d =

P D ) SR bbb s b AP R bR by S b N RPN b b paramagnehc- amplltUde
»—- u B e e e e e o it & e i ™ (it ot st et - B

s o . e et b i — = = — b dadudetn’ Letadndnd= centres g 0

L e e e e e e B e e e e e I e -

e e e o e e e B o B Lo B e e e S A

-

ap o p o P e h T B R g P P P —p T 7 = oy ——

D = = =

I B e e e e o e i ==
P b b ANy - —
e e e i i e e e R e e e B B B e e e K ) -k
e i e e e R R ~
B e e ..‘_,._,.4‘-
e e AL S = = =~ = = = -
. — -~ = B e ~

1

- = =

- field gradientz 55555
url . - -,
interlayer

-

o ) - -
—p = =5 =% —F = = = =% =% = = = =% =% —F — —F
Tt = = = = = = =

R e e e Y

it
B s e e e ]
e e e )
it |
. =y
e I
i dndnde e RN
ettt
P = b =

b

e e e e i Sl
-.3-0-0-0-0-0*0-4—.-0-0-0*'—0—04-—.—.-—'4-0—0-.-.—0—!-‘
-

-
T,

i e I e e e e I e e e e e e B e
e e e e e e e e e e e e e e e e A

e e e I e e s b b o ]
ol ) Y Y e el ol ) Yy -

-~ e ol o i i i e o
e i B B B B o B B e s o o B B B Ko B
R e o e e e e B e e e e

-
LTI, o e

P k B it Y Ay g
- - roc e e R B e T

.- P e e e T = b p b T b = e -

»—s matf§X4-o-o-o-o-¢-o-a—b-*-v-o---0-o e e e T e e S
- e e e e e e T B e e e B - e e e R e e e B e e

bbb s b b b b o o b o b ol B o b mh e p b o b B ey e S S e
B T e T I D D

—
B

magnetic field

—- = = = =

10°
=y ol = = =p =
-
Pt i L et

2,ifg

3/Oz,ifg

r-d

10"

10?

1 1

1

2 2 free fluid

B T e
o el B

apparent

B e e B e
P T

)

I

surface diffusion

11/15

Motivation Instrument Relaxation

Model Theory | Permeability

Conclusion



BRI distribution

0 vyl vl U L — 0 a1l U 1 Lo il WS T

103 T, distribution 10 T distribution
shifted T, distribution : : [
- (\ . Correction — ﬁi I
" | - ofT, U {\ i
< <
e
10723 - 102 3 E
] T
” based on: 1
10‘3 LA B ) | B S SRR L T LR B 10-3 T T S LT B R ) T T LIS
1 10 100 1000 10000 10 100 1000 10000
T, T, [ms] s L0l
e O model theory: ——¥—=  empirical equation:
P2ty s
1-— Feorr P 2ff
r P 2eff
12/15
Motivation Instrument ‘ Relaxation ‘ Model Theory | Permeability Conclusion



2
12 + Kozeny-Carman equation
1 + )
10 1 ﬁ-g' using reep, (TZ,LM):
10°
g & ’ @@?@ = E 2’/'Zcorr (TZ LM)
I_-Ic; 10 ? g 00 8 T ’
£ 10° 3 d
_QE 10_3.; i T : tortuosity
10 &
10° Standard T, |, equation:
<
10-6 | T VIO T I T PO T Vo T T T T 1 T 1 o) k — a T2 @4
162 10° 40* 10*10* 10" 10* 10" 40 2,LM
Kygas [MD]
13/15
Motivation Instrument ‘ Relaxation ‘ Model Theory | Permeability Conclusion



v Mobile tool for use on drilling platforms

v/ Standard permeabilty calculation scheme for high porosity
rocks

v Improved permeability prediction for low porosity rocks
taking into account increasing diffusion effects

| Individual calibration required for each formation
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