Available online www.jocpr.com

Journal of Chemical and Phar maceutical Resear ch, 2014, 6(5):324-332

ISSN : 0975-7384

Research Article CODEN(USA) : JCPRC5

Sounding response calculation of layered model surface based on
nuclear magnetic resonance

'Chu Yan, ! Cai Xin-yuan, *Bian Dong-yan, * Sun Nai-hua and *Tang Kang

'Electronic & Control Engineering Department, Chaag’University, Xi'an, China
“Senior Technical University of Puyang, Puyang, @hin

ABSTRACT

At present, the calculation of nuclear magnetioremce sounding simulation is mainly based on hemegus half
space model or equivalent half space model. Agdfoévalent model makes the calculation result \grgatly from
the actual response, in order to avoid the erroolmht by the equivalent model, the paper first anmpgnt the
oscillating integral calculation by using gauss renmal integration and gets the scattering fieldtloé underground
space based on layered model harmonic field elewgnetic response derived by the recursive mettiaah
obtains nuclear magnetic resonance (NMR) soundegpanse under one-dimensional medium case. In acder
verify the effectiveness of the proposed algorittima,layered model of calculation method is usedatoulate the
homogeneous half space of NMR response, beingstentsiwith the actual uniform half-space model Itssu
indicating that the calculation method given in tegt reliable. The paper calculated the differerientation of the
cutting angle under toppled layered model, and caneqh the differences in cross-sectional directidncotting
angle. Analysis is showed that NMR response isutatked more accurately by layered model recursie¢hwmd than
by the method of approximate half-space model
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INTRODUCTION

Using nuclear magnetic resonance technology toctgr@undwater directly is a new developed methodecent
years. The method uses electromagnetic signalgaedeby the nuclear magnetic moment in procegsaxfession
decay for groundwater exploration [1]. This is euwtty the only known geophysical method of findingter
directly [2]. Under the excitation of back line so@, the NMR signal only appears in the water plaegchchedko,
who first developed the instrumentation to measheeNMR signal in the geomagnetic field and sumeeatiand
developed a set of NMR forward and inverse numenezgthods achieving processing and interpretatfonuclear
magnetic resonance ground data. Forward modelingasly to study the effect of resistivity of theialear
magnetic resonance (NMR) signal by changing theimnedesistivity of homogeneous half space or usaygred
media with equivalent longitudinal or transversendiactance model instead. Weng Aihua studys thealinit
amplitude of the NMR effected by different resigtivof aquifer, but the change law of the magnéigtd is not
given specificly in various type of conductive mami as is same that the relationship between theusamagnetic
field and the initial amplitudes. There exists g kifference about magnetic field distribution imetmodel of
layered media and its equivalent uniform model velibctrical conductivity. Therefore, to calculate tsize of the
underground medium magnetic field at any point, dmeh study the changes of resistivity in layereedia
influence on surface NMR signal is meaningful.
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MAGNETIC FIELD DISTRIBUTION OF LAYERED MEDIUM

Theoretical expression of magnetic field in layered media

Under the circular loops conditions, the horizom@inponent Hr and vertical component Hz of any piminayered
medium ground can be written[8s4,5,6,7]:
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Wherea,, byis undetermined coefficients| is emission currentais the radius of the transmitter block,is

the offset distance,Z is the depthi; = A? —iwg, U, , Wis the frequency of the emission curred, is the

electric conductivity in thei -layer, U, is the vacuum permeability.

According to the boundary conditions of horizordamponent being equal to a vertical componenteairiterface
of the magnetic field, it can be obtained:
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Where,hi is the total thickness of the formédayer, where Z”and Z have the following recurrence relations:
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In the lowermost layer:
In the | -layer medium, undetermined coefficieats bI satisfy the following relationship:
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First step is to obtain first layer magnetic fiegpressions undetermined coefficients, then thd fialues on the
first layer to the interface can be obtained aftefficients substituted into the expression, basethe relationship

between the field continuity and the second magnielyer undetermined coefficients, finadly, bl in second
layer can be obtained, so undetermined coefficiengsich layer can be calculated.

Calculation of the magnetic field in layered media
Whether vertical or horizontal component of the neti¢ field component, which is an expression tttitains a
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double infinite integral Bessel functions [8,9].€lmtegral in the problem is no analytical expressiso only the
numerical method is used for solving integral. tdey to ensure the accuracy and precision of ttegjial, the form
of integral function must be figured out beforeegntal, uniform half-space vertical magnetic fieddekpressed as:

T A7 )
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Integrand values in the vertical magnetic field regsion (10) change with the independent variablesvn in
Figure 1.
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Fig. 1: Thefunction value variation regulation of the vertical magnetic field integrand real part
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Fig. 2: The function value variation regulation of the vertical magnetic field integrand imaginary part

The oscillation of the vertical magnetic field pfonction’s real part is very strong, and imaginpayt is small, in
order to ensure the accuracy of integration, tle frinction properly be handled before integrati®he vertical
component of the magnetic field is written as fako

H,=f+f,+f, (11)
Where
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f1 is the value that the vertical variablel,subtracted the value generated by transmitter ioofhe air, the

relationship between the variablélof product function and independent variables istamvn in Figure 3.
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Fig. 3: The function value variation regulation thereal part of flintegrand

After processing, the plot function will quickly ciy to zero, and the oscillation disappears, ttegmtion interval
can be defined as [0, 1] to ensure the integratamuracy.

Because of the double Bessel function aggravatiegshock of integral function, the shock of a Befsection
fairly to double Bessel function after performingnos 1 to a Bessel functiorfz, the relationship between

the f2 of integral function and the independent varialdeshown in Figure 4.
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Fig. 4: Thefunction value variation regulation of f2 integrand

Since f2 expression contains an exponential decay termintiegration interval is limited, it can be set @ ],
Zis the depth of the point, Gaussian integral i$guared in each elements section by the subdiviefdntegration
interval, the value of the integral can be obtajreadi f3 is a special analytic integration, the result is:

la?

lat, _,,
fS:EjAe* J(Aad= - (15)
0

2(a% + 2°)?

Through the first two steps of processing, thegrakcontained Bessel function is changed intotth& of double
and three, and each of the integral is easy toeémght [10,11,12].

The calculation of the actual model magnetic field distribution
In order to determine the calculation of initial Mvamplitude’s grid mesh spacing and range, spditsadibution of
the magnetic field under different model parameiemiculated. Each model parameters is showmaleTL.

Table.1 Geoelectrical model in Fig 1and Fig 2

Model pi/Q-m  h/m  pJO-m him  pilQ-m
1 100 30 100 20 100
2 100 30 30 20 100
3 100 30 5 20 100

Each figure in figure 5(a)-(h) shows the changeshm real and imaginary parts of the horizontal aedical
components of the magnetic field along the radial @ertical direction. When the depth is relativetgall, the real
part of the horizontal and vertical componentshef tnagnetic field component will mutate. The reahponent of

327



ChuYanetal J. Chem. Pharm. Res., 2014, 6(5):324-332

the perpendicular magnetic field is largest inr@eius of the coil, but the reverse direction deesoccur which is
consistent with the law of the magnetic field linesng closed to near energized wires. The midaler resistivity
change affects little to the real part of the maigrfgeld of cover layer, instead of the imagingnagrt changing with
the resistivity a lot. The value of the imaginagrtpof the magnetic field is smaller than the eait. For a radius of
50 m emission circular loop, whether horizontalertical component of the magnetic field componeriten the
offset distance is greater than 100 m, the valsiefse to 0.
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Fig. 5: Magnetic field components variation in covering layer
(a) Hr imaginary part variation along radius (b) Himaginary part variation along depth (c) Hz imaaig part variation along radius (d) Hz
imaginary part variation along depth (e) Hr real paariation along radius (f) Hr real part variatio along depth (g) Hz real part variation
along radius (h) Hr real part variation along depth
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The distribution of the magnetic field in aquiferettly determines the distribution of proton matimenoment

toppled angular under the same pulse major, egehefiof figure 6 (a)-(d) reflect the change rulagaadial of

magnetic field real and imaginary parts in low stmice sandwich. When the low-resistivity layersesi the
imaginary part of the magnetic field is affecte@agty in the upper medium, with the decrease ofréséstivity of

the low resistance sandwich, whether the imagipary of the vertical component or the horizontahponent will

change a lot, but little effect to the real pamtthie low-resistivity layer, with sandwich lowesigtivity, the greater
the difference exists in the imaginary part of eesimponent of the magnetic field, and the real pagin to change
a little. Only when the low resistivity is down 10Q , this difference will behave out. The vertical qgmmnent of
the deep magnetic field has no changes in thelrdatiection compared with shallow the magneticdigbut with

the increase of an offset distance, the value ef nfagnetic field decreases, the horizontal componérhe

magnetic field is still the maximum radius of theilc However, when the mutations disappear, thdzbatal

component varies slowly component along the rathiabrder to verify the correctness of the caldalatesult, the
magnetic field at the center of the uniformity aldop is calculated. According to the analysisuliesvhen the
resistivity was 10@2, loop radius 50m, the emission current 1 A, thegfiency 23581z, the size of central
vertical magnetic field loop is (9.832e-3,1.657¢-d)d the results obtained by numerical integratithods is
(9.958e-3,1.816e-4) with very small error, the hssshow that the calculation is credible.
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Fig. 6: Magnetic field components variation in low resistivity layer
(a) Hr imaginary part variation along radius (b) Hmaginary part variation along radius (c) Hr rephrt variation along radius (d) Hz real
part variation along radius

THE CALBULATION OF SURFACE NMR RESPONSE

Under the excitation of the surface feeding Larfiequency sinusoidal current and electromagneticesathe

direction of proton magnetization will deviate fraitme direction of the geomagnetic field. As timergases, the
angle of deviation increases. when the excitatitopss the direction of protons magnetization withdually

coincide with the direction of the geomagneticdifl3,14]. In this process, the signal decayindhiine in surface
coil can be observed, the theoretical attenuatfaheosignal is calculated as (16).

E(Q.1)= E,(Q &2 cos(wi+ ¢, ) (16)

Where, Q = Itp is the product of the excitation current intensityd the duration time, E is the initial amplitude o

the Qpulse moment,t, is transverse relaxation timey is the Larmor frequencyy/is the proton gyromagnetic

ratio,B, is a local magnetic field strengtr;éO is the initial phase of the signal and the init@hplitude is
determined by the following equation (17):
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wM,

B (Q ==

m B sin(B,)n(rg, 2) d 7

M, is the size of the proton magnetizatiol3, is component of the excitation magnetic field sttan

perpendicular to the field. In the case of the rlical coordinate,n(r,@,z) is moisture content the point

of (,4,2).

NMR signal is the result of the volume integralshie underground aquifer, the degrees of motivasatifferent in
different locations. This difference reflected imetdifferent spatial positions is toppled the caorriéhe size of
aquifer toppled angle directly affects the sizelwf size of the NMR signal. The angle toppled sacihin three
sectional distribution of models 3 is calculatedevéhthe angle between the profile and the planthefearth's

magnetic field is respectivey , 45 ,90°, geomagnetic inclination i60", excitation pulses iSLALS. The result
is shown in figure 7:
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Fig. 7: Toppled angle distribution in different profile

(a) South-north direction profile (O degree)
(b) North-east direction profile (4degree)
(c) East-west direction profile (90 degree)

In the different directions of cross section, taplangles distributes differently. In th@" cross-section, the
distribution of the toppled angular is asymmetry dime toppled angular distribution is scale in ¢hess section of

90, but the value of toppled angle is the minimum.

M N K
wM,

E(Q) = | ZZZ%(m,n,k)Sin(th(mn@t)d\ (18)

m=1 n=1 k=1

Since the medium is assumed layerdcandg@ can be the first integration, and then the z irg8gg, the integration
interval is split a summation of discrete pointsading to the column:

dv=r Ar Ap Az, (19)
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Ar, A@, Az are respectively the radiatangential directions and the split in length deptie size of
subdivision length can be determined accordingciuiacy requirements, combined with the literatame the
results, the integration interval can be setXd+ y2 < 4R, z< 2 F,with transmit coil radius ofR, outside
this range, the value of the magnetic field is $ntlaé impact on the calculation results is insfigaint.

Taking the rapid change of magnetic field neardbi into account, while slow changes happens heoplaces,
the spacing may be unequal subdivision accordingh& distribution of magnetic field mesh. Couplitige
variation of magnetic field in the vertical and tzontal direction and in the radial direction, megtacing of

0-40m is 2m, mesh spacing of 40-60m is 1m, meshirspaf 60-100 is 2m. It is evenly split the diiect of @,
the circle is divided into 36 parts uniform domaising a uniform mesh spacing of 2m in thelirection.

Make a numerical calculation for the three layedelpthe resistivity of the first, the third layare 100 [, the

resistance of the intermediate layer respectivel00,30,10,5Q [n. The first and the second floor thickness is
respectively 30m, 20m assuming low resistance chlgavater, and the interlayer low resistance gasentative
of the aqueous layer, thickness of the interlagedapth of water. When the transmitter loop ra@uSOm, the

water content is 10%, the emission current iALThe variation of initial pulse amplitude is shownfigure8 and
figure 9 when resonant frequency is 233D
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Fig. 8 Theinitial NMR amplitude of different models
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Fig. 9: Theinitial NMR amplitude of different algorithm

Figure 9 shows the results of the using a unifoati-$pace formula and recursive formula to calalsiMR

initial amplitude of uniform half-space, model sdgiity is100Q [, aquifer thickness is 10m, depth is 20m, the
water content is 10%.There is no difference betwbertwo methods of calculation results proving rsiébility
of the recursive method.

CONCLUSION

(1) NMR forward simulation is to solve the problem bétdouble Bessel function integral. Integratiorinal is
greatly reduced by subtracting magnetic field gateet by transmitter coil in the air. The oscillatiwill reduce by
doing one minus processing to Besesl function aaklenthe calculation of the magnetic field beconaesifele.

(2) The impact resistance of the magnetic field is tyaieflected in the imaginary part of the magndigtd, the
high resistance layer, the difference of the imagirpart is relatively small, however, in the logsistivity layer,
the difference is very obvious. The real part & thagnetic field is sensitive to changes of restgtithis effect is

shown only when the resistivity is less thar€10m.
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(3) For layered media, the magnetic field can be dyemlculated using recursive methods, withoutrbed of
an equivalent model which avoid bias caused bywadgmt model and improve the accuracy of the catauh
results.
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