Nuclear Magnetic Resonance (NMR) Properties Ot

SAU. Fen Bilimleri Dergisi, 11. Cilt, 1. Sayi,
Synthetic And Sandy Samples, F. Siinbiil

s.33-37, 2007

NUCLEAR MAGNETIC RESONANCE (NMR) PROPERTIES OF
SYNTHETIC AND SANDY SAMPLES

Fatih SUNBUL

Sakarya University, Geophysical Engineering Department, 54187, Esentepe Campus, Sakarya/Turkey

fsunbul@sakarva.edu.tr

ABSTRACT

Fluids can be determined on samples directly using NMR technique [1,2,3]. The amplitude of the NMR signal is
related to the number of hydrogen protons, the technique can be used in geophysics to measure the water content
of rocks and soils [4,5]. In this study, to identify relaxation times according to porosity values we used synthetic
samples. For the NMR measurements, we used monomodal glass pearl samples (0,1-0,5-0,8-1 mm) and sand
samples (0,35-0,75-1,5 mm) with additional water or petroleum. According to the relaxation times we measured
porosity and compare them with ordinary lab measurement results. For the results TI(INVREC) and T2(CPMG)
relaxation times are much better suited than T2*(FID) for the analysis. All measurements were carried out in the
department of Geoscience, Technical University of Berlin in Germany.

Keywords: NMR, FID, CPMG, porosity
OZET

Akigkanlar NMR teknigi kullanilarak tespit edilebilir [1,2,3] NMR sinyalinin genligi hidrojen atom sayisiyla
alakalidir ve teknik jeofizikte kaya¢ ve zeminlerin su muhtevasimi 6lgmede kullanilabilir [4,5]. Bu ¢alismada
sentetik numuneler (su ve petrol eklemeli) olarak laboratuar kaya fizigi porozite ve akiskan tayini ¢aligmasi i1¢in
kullanilmistir (monomodal glasspearl numuneleri; 0,1-0,5-0,8-1 mm c¢aph ve kumlu numuneler; 0,35-0,75-1,5
mm c¢apli). Relaksasyon (gevseme) zamanina bagli olarak numunelerin porozite él¢iimleri hesaplanmistir, buna
gore T1 ve T2 gevseme zamanlart T2* gevseme zamanina gére daha uyumlu sonuclar vermistir. Bu c¢alismaya
ait 6lctimler Berlin Teknik Universitesi, Yerbilimleri bolimiinde gerceklesmistir.

Anahtar Kelimeler: NMR, F1D, CPMQG, porozite

INTRODUCTION found that the nuclear magnetic relaxation rate of water

in rocks 1s much faster than that in bulk phase. The

Increased efforts have been devoted in the last two
decades and apply techniques that are known to be
directly sensitive to water and are in successful use
already. Nuclear Magnetic Resonance (NMR) is
meanwhile an established method in the fields of
physics, physical chemistry, medicine, material
testing and lately, also in borehole geophysics [6].
Consequently, the available investigations focus on
the NMR properties ot solid rocks, because of their
significance as hydrocarbon reservoir rocks [7].

The NMR signal from hydrogen from nuclet is
proportional to the population of hydrogen atoms in
the sample, and the signal relaxation rate 1s
proportional to the viscosity of the fluid. Therefore,
it was natural to consider using the NMR property
for o1l exploration. However, early investigators

increase of relaxation rate is primarily due to the surface
relaxivity and 1s related to the surface to volume ratio of
the pore space. This discovery led to the demonstration
of the connection between the NMR properties of
porous media and their permeability [8].

Predicting reservoir wettability and its effect on fluid
distribution and hydrocarbon recovery remains one of
the major challenges in reservoir evaluation and
engineering. Current laboratory based techniques
requirc the use of rock-fluid systems that are
representative of in situ reservoir wettability and
preferably under reservoir conditions of pressure and
temperature |9].

In this study we only interested in proton (‘"H) NMR, for
being able to reach direct water detection and observe
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hydrocarbon behavior in different types of synthetic
and sandy samples. As known well that direct NMR
measurements give us reliable and fastest results for
wettability and porosity estimation in rock physics
study.

BASICS OF NMR METHOD

The protons of the hydrogen atoms 1n water
molecules can be described as spinning charged
particles and have a magnetic moment u. Generally,
n 1s aligned with the local magnetic field By of the
Earth. When another magnetic field H 1s applied,
the axis of the spinning protons are deflected,
owing the torque applied. When H 1s removed (Fig
1.), the protons generate a relaxation magnetic field
as they become realigned along By while precessing
around B, with the frequency

WL=yB,, Larmor Frequency fL=wL/2T1 (1)

where y=0,267518 Hz/nT, the gyromagnetic ratio
for hydrogen protons.

H is furned off |

M, =M, el |

Fig.1. When there is no magnetic field, the proton spins
randomly oriented, resulting in zero magnetization. As the field
H is applied in z-direction, the magnetization of the system, Mz,
gradually builds up until it reaches equilibrium value, M, The
process 1s reversed when H is set to zero [8].

At equilibrium, the net magnetization vector of
protons 1s along the direction of the static magnetic
field By and is called the equilibrium magnetization
Mz, which 1s referred to as the longitudinal
magnetization. The time constant which describes
how Mz returns to its value Mo 1s the spin lattice

relaxation time TI, with M,=M, (1 _exp(—%_l».

The time constant which describes the return to
equilibrium of the transverse magnetization Mxy, is
called the (:vm spin relaxation time T2, with

=M, exp . The net magnetization in the

Xy plane vanishes and then the longitudinal
magnetization grows up to Mz along z. T2 1s
always less than or equal to T1. In addition to T2
the magnetization in the xy plane starts to diphase
because each of the spins is experiencing a slightly
different magnetic field and precesses as its own
Larmor frequency. The longer the elapsed time, the
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greater the phase difference. This leads to the faster
decay time T2*. To measure T1 or T2 particular types of
pulse echoes (sequences of the secondary magnetic
field) can be applied. The most common are a single 90
degree pulse or free induction decay (FID) for T2*, echo
trains of 180 degree pulses or CPMG for T2 or a
particular sequence of 90 and 180 degree pulses
(inversion recovery) for T1 (Fig 2.).
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Fig 2. A typical sequence of inversion recovery for obtaining Tl
(INVREC). [10]

"The wolume of adhesive water can be derived from

decay time spectra [10].
INSTRUMENTATION

All measuerents were carried out 1in Berlin Technical
University, NMR lab and performed with a Maran 2
from Resonance Instrument, UK (Fig 3 (a)). The
instrument i1s equipped with a 0,047 T permanent
magnet which corresponds to a Larmor frequency of 2
Mhz for protons.

In a laboratory set up, the sample 1s placed inside a coll
between the pole pieces of a magnet. The applied field
Ho 1s from nght to left, whereas the RF
(Radiofrequency) field H; 1s pointing upward. The
induced signal after a 90° pulse is shown as the Free
Induction Decay [8] Shown in Fig 3 (b).

Induced Sipnel

e —

Fig.3.. (a); NMR instrument used in this study and (b); the NMR
working principal [8].
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NMR EXPERIMENTS and sandy samples with the diameter of 0,35-0,75-1,5
mm (Fig 4.). Samples are used in usual NMR studies

The effective NMR Porosity ®ymg can be  during last decade [9)].
calculated directly from water volume in the case of
fully saturated samples;

vmobile:(Amplimdesample*Vcalibration)/Amplimdeca]ibralion (2)

This leads to the effective (mobile) porosity;

CDNMR = Vmobile/vsample (3)

'H protons in adhesive water or small pores relax
much faster than protons in free water or large
pores because of a higher probability of a contact  Fig 4. Samples
with the grain surface and the associated energy
release. A pore radi distribution can be derived

b e Lt Iy

1cs and NMR measurements

tubes for petrophys

All samples named to such as shown in Fig 5,

therefore from a spectral analysis of the relaxation respectively.

times [7] |

An adaptation of the Kozeny-Carman equation

leads to a permeability k estimation via 'H .

relaxation times; Parclaute | (g oF 1| Adieive |
e L | o |

K= c*T**@* (4)

Fig S. Definition of sample codes using for NMR measurements

Where c 1s constant factor depending on the surface
schdvlty Gf the mabmial, B Be eikelive KME - DORATURY MEASUFEMENTS ON SAMTELES

porosity and T1 the corresponding relaxation time

(either T1 or T2). The most important information derived from the

laboratory measurements 1s that porosity, which has
been determined using the bulk and grain density.
Firstly, we determined the NMR porosity for three
relaxation time sequences (T2*, T2 and TI) and
correlated with porosity from density measurements.
The results are shown in Table 1. Basically, three
mechanisms affect the NMR relaxation; diffusion,
surface and bulk relaxivity [7] The graphics for the
measurements are shown in Fig 6.

The pore water close to the grains relaxes faster
than water far away from the grains. The wolume of
adhesive water can be derived from decay-time

spectra [10].
PETROPHYSICAL EXPERIMENTS

In this study, to correlate all NMR data with soil
mechanics laboratory results (porosity from

. . . . ) Table 1. Measurement results
density), carried out basic techniques to find

porosity of all samples.
SAMPLE | POROSITY | POROSITY | POROSITY | POROSITY
. . _ ) _ CODE FROM NMR (T2%*) NMR (T2) NMR (T1
For water content; Weighing the dry soil, Weighing DENSITY (%) (%) (%() !
the same soil after 1t has absorbed water, (%)
Calculating Wet Soil - Dry Soil = water absorbed, Go-W 402 | 32,0 37.3 26,9
[11]. GosW 357 | 219 34,9 14,9
G,-W 49,7 14,1 | 30,8 279
(Water absorbed / Original weight of soil) * 100 = ---g-"*”'g g;’g ;2’2 32’2 ‘ﬁg
. . | _91?_5‘:__ I = ) ’ )
Wgter holding porosity as a percentage of the dry S W 379 ] 250 35.9 108
sotl [11].  GosP | 349 | 382 40,7 31,9
| GusP | 32,1 33,9 37,5 24 8
. 3 . . G,-P 37,2 39,1 39,9 30,5
%) = Volume of air : - ’ 2 ’ ’
Toltal Porosity (%) / Volume of soil S, 15-P 35.9 665 | 408 50.4
[11]. B iiaP 35.9 50,1 428 46,0
S,s-P 36,2 47,1 423 39,3

SAMPLES

We analyzed two types of samples one; synthetic
glass pearls with the diameter of 0,1-0,5-0,8-1 mm
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CONCLUSIONS

Low field NMR measurements can be obtained rapidly
for T1 (inversion recovery) in about 20 minutes instead
of too short time period of T2* and T2. We know from
last decade papers that porosity and pore size
distribution of unconsolidated rocks can be well
determined by laboratory NMR. In this study we
obtained more reliable results from T1. T1 (INVREC)
and T2 (CPMQG) relaxation times are much better suited
than T2* (FID) for the analysis. This 1s almost due to
inhomogeneous of the magnetic field circle of the
Instrument.

For the glasspearl samples adhesive petroleum fits the
measurements (Fig. 6.). However glasspearl with water
gives not exact results correlating with density NMR

(Fig 7))

For the sandy samples; adhesive water gives more
reliable results instead of adhesive petroleurmn (Fig. 8.
and Fig 9.). Extracting inhomogeneous part of magnetic
coll or some misses during measurements, we would say
that glasspearls make petroleum1 combination better than
water, the converse of this phenomenon sand make
better combination with water instead of petroleum.
Hence the particule structure affects porosity
measurements.

The NMR studies suggest that T2 and T1 distributions
can provide valuable information regarding rock-tluid
interactions. The development in this technique could
provide faster and reliable study for rockphysics
research. However further measurements and pore scale
modelings are needed to establish a procedure that
might be used for different type of rocks and
unconsolidated rocks. Let say, for the estimation of
more parameters such as permeability, pore radii etc.
more Investigations should be carried out with a
combination of resistivity research.

ACKNOWLEDGEMENTS

The author thanks Prof. Ugur Yaramanci and Dr. Martin
Mueller from Berlin Technical University for NMR
researchs.

REFERENCES

[l] Shirov, M., Legchenko A., Creer G., “A new direct
non Invasive groundwater detection technology for
Australia” Exploration geophysics 22, 333-338, 1991

[2] Legchenko, A., Baltassat, J. M., Beauce, A,
Bernard, J., Nuclear Magnetic Resonance as a
geophysical tool for hydrogeologists: Journal of Applied
Geophysics, Volume 50, Issues 1-2, May, Pages 21-46,
2002

36



SAU. Fen Bilimleri Dergisi, 11. Cilt, 1. Sayz, Nuclear Magnetic Resonance (NMR) Properties Of
s.33-37,2007 Synthetic And Sandy Samples, F. Sunbiil

[3] Miiller, M., Kooman, S. and Yaramanci, U.,
Nuclear Magnetic Resonance (NMR) properties of
unconsolidated sediments in field and laboratory.
Near Surface Geophysics, Vol 3, No. 4, 275-285,
2005

[4] Yaramanci, U., New Technologies in ground
water exploration - Surface Nuclear Magnetic
Resonance. Geologica Acta, Vol. 2, No.2, 109-120,

2004

[5] Sinbil F., Karavul, C., “An investigation of
properties of soil samples using NMR Technique,
The 16th International Geophysical Congress and
Exhibition of Turkey, December 7-10, Ankara,
2004

[6] Yaramanci, U., Lange, G., Hertrich, M,,
“Aquifer characterisation using Surface NMR
jointly with other geophysical techniques at the
Nauen/Berlin test site”, Journal of Applied
Geophysics 50, p:47-65, 2002

|7] Kenyon, W., E., “Nuclear Magnetic Resonance
as a petrophysical measurement tool, Nuclear

Geophysics, Vol 6, 2, 153-171, 1992

[8] Dunn K., J., Bergman D., J., Latorraca, G, A,
“Nuclear Magnetic Resonance Petrophysical and
Logging Applications Book, Handbook of
geophysical exploration seismic  exploration,
Volume:32, Pergamon Press, 2002

[9] Al-Mahrooqi, S., H., Grattoni, C., A., Moss, A,,
K., Jing, X., D., “An investigation of the wettability
on NMR characteristics of sandstone rock and fluid
systems””, Journal of Petroleum science and

engincering 39, 389-398, 2003

[10] Straley, C., Rossini, D., Vinegar, H,,
Tatunjian, P. and Morriss, C., “Core Analysis by
Liw-Field NMR” The log Analyst, Vol38.2, P:84-
94

[11] Aytekin, M., “Deneysel Zemin Mekanigi”,
Teknik Yayinevi, 2004

37



	c11s1sy33
	c11s1sy34
	c11s1sy35
	c11s1sy36
	c11s1sy37

