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hbsttiict--Compn~c~ with thc magiiet of Nuclcnr 
Mngnetic I ieson~ricc (NMR) Spectrometcr tlint of 
Nuclenr Mngiictic Rcsoiiiince Oil Well Logging is 
facet1 with some spctif l  rlifficultics. This  papcr 
lieyiris w i th  tlic cxlilaantioii of thew special 
difficultics, mid then annlyxcs ttic ninin known 
boreliole NMIt Iflpgitig nppnratiiscs through strict 
enlcnlrtions. Finnlly, this papcr gives some iiscful 
clucs to solve those prnl)lems cxisting in the 
designs. 
Iitdcx tcmms--NMR, Wcll logging, I’crmnncnt 
magnet, and Elcctromngnetic flcld 

I. INTRODlK1TION 

Brought forward in 19GO’s, nnclear magnetic 
resonance wcll logging has bccome popular 
since late 1980’s. NMR well togging is by now 
tlic only way to gct frcc fluid porosity data 
tlircctly. The porosity, fluid viscosity, and 
pcnuenbility of thc fni.malion can be obtained 
from an NMR signal. I1 is viewed as oiic oTthe 
inaiii well logging inclhods in the next ccnlury. 
‘l’ht: probe of NMR wdl logging, contailling 
magiict illid antentin is rathcr different from 
MRt-CT and NMR spectromctcr. Also, there 
are some environmeiital litnits for thc probe due 
to its working under the earth thousands of 
meters decp, including high tcmpcrature and 
high pressurc. In order to cotnplctc this design 
cotii+sc, il is necessary lo mnalyxe thc 
clcctromagnetic prohlcms. 

[ I .  ‘]’HE SPECIAL DIFFlCIJ1,TY IN ‘I‘tlE DESIGN OF 
AN NMIL WELL LOCClNG PROBE 

The typical sti*uclure of R nonnal NMK 
apparatus is that magnet and KF coil cnclose the 
sample. ‘I‘tic size of the magnet is not 
circumscribed in priiiciplc as shown in Fig. 1. 
The magnetic resource can bo ;I super- 
condncting magnet, electromagnetic coil, or 
permanent magnet. The featui’c of the static 
magnetic field inicnsiiy Ro i s  its connexity. 
However, for NMR well logging, the smnplc is 
tho ciuth h n a t i o n .  Maguct and R F  cnil can 
otily bc placed in the borehnlc, the diameter of 

which is only 6 to 8 inctics. Thcrc is 110 way lo 
make the magnet and RI: coil ciiclose sample. 
The typical structurc is that samples enclose 
magnet and RF coils, whilc: the tcrins for 
generating the nuclear magnctic rcsoiiance inus( 
be satisfied. ‘I’his i s  why NMR well logging is 
f x e d  with S O ~ C  special dilficicullies. 111 order to 
form a scnsiiive volume arouiid borcliolc, thc 
first problem is how to arwigc the magnet and 
RI: coil in a narrow hole correctly. 
Besides this, il is unreasonable to consider a 
superconductor or electromagnetic coil as thc 
magnetic resmlrcc o l  NMR well logging. It is 
reasonabIc io sclcct a permanent inagnct as the 
inagnctic resource. The selection of ilic niatcrial 
of thc permanent mngtiet to rcsist against the 
high tcmpcrature and pressure under tlic carth is 
tlic other main problein. 

S 

(b)  

Fig. 1. Geoinctry of conventional NMR 
spectromenilcr (up) atid NMR well logging 

system (down) 

In tnany situations, thc rock iii formation has 
high magnetic susccplibility, so the static 
rnagiictic field intensity has to bc of low 
value, c.g, 235G or so. The sensitivc voliiinc is -. 
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thc essential factor in determining Signal-to- 
Noise ratio bccause Bo is hardly changed. So it 
is anotlicr main target to get the sensitivo 
volume as big as possihlc. 
Of coi1rsc, compared with NMR spectromctcr, 
NMR well logging has its ow11 special 
advantage. For NMR wcll logging, thc 
incasurement object is just the scnsitive volume; 
it is all right to get integration of signal. ?'hat is 
to. say, the uniformity of static inagnetic 
intensity li, Cor NMH wcll logging is not as 
stringent as that for NMR spccttometer. 

111. REVIEW OFTHE MAC;Nl!'FOFNM~< W I L L  
LOGGING 

Various projects to mange tlie magnet and H1: 
coil have been brought forward since 1960. In 
the following, several important projects arc: 
reviewed. 
In order to compare with each projcct 
convmicntly, identical tertns should be 
stipulatcd: diameter ol' borehole: 20.32~111; 
diaincler and lcngth of perinancnt magnetic 
pillar; 15cm and t SDcm(for Schlumberger, 
rriaxiinum length-h0cm); B0=235G; tolerance of 
BO: kl.409G; NdFcn material for. Los Aimios 
and Schlumberger: 2hMGOe; for Nuinar 
project: 9MG-Oe. 

Dr. Jasper A. Jackson had brought forward the 
design principle of the Inside-out' in Los 
Ahmos scientiiic laboratory and given the first 
project based on this principlc. The Insidc- 
outside principle is that inagnet and K1' coil are 
placcd inside wdl  while sensitivc volume i s  
outside of well, shown as in Fig. 2. 

Fig. 2. Los Aiumos geometry 
In Fig.2, two magnet pillars arc arranged 
coaxially with anti-magnetization direction. 
'There exists a sensitive volume perpendicular to 
axes aroutid thc niidrlle point o i  the air-gap. The 
position and size of this scnsitivc volunic are 
depended on the magnetic material, magnet 
diameter a, lcngth 1, and gap h between the two 
magnets. The lZF coil is placed in the gap. 
Inserting a ferroxctibe inside thc RF coil can 
enhance the sensitivity ofthe RI: coil. 

Pig. 3 shows the influence of magiict interval an 
tlic investigation depth. (d is Ihe distance 
between two magnets; r is the investigation 
distance) 
'I'herc arc some difficulties in thc use of thc Los 
Alrrmos geometry ns follows: 
(1) ' I 'k  sensitive volume is iri the middlc area of 
the gap, but thc static field intetisity E,, dccays 
so rapidly that the investigation distmcc is  not 
satisfied. ( 2 )  'l'hc Signal-to-Noise ratio is too 
low' since the background field can be only 
120G. The backgronnd field is limited by 
rnagnclic technology of that time. 
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As s h o a i h .  $@k!tlkFfP&Pi?4~&Zed on thc 
edgc or the borcholc. The array coniprised of 
three parallel magnets, the magnctization 
direction of that is porpenilicular to the axes of 
the borehole, produces a background field in 
the front formation o f  the edge. l'he RF coil is 
placed in the half-moon shell betwccn magnet 
B and niagnet c. 'l'hc resonance uniformity 
area can be adjusted by moving tnagnct b. 
Compared with the 1-0s Alumos pi-ojcct and 
thc Numar projojct, the Scliluniberger project 
does tiot rcquire exact RF field configuralion 
because of the uniformity and contiexity o€ its 
background field. ?'tic iiiipact on the lW field 
by the pcrnianerit magnetic materials can be 
ignored. A permancnt magnet with high 
magnetic energy, such as SinCo and as 
NdFeU, can be used in this projcct. 
The KF power is lower in this edgc-contact 
project as tlie miid i'csistor is not a load 



coinponcnl of thc RF ficld. This probe can 
carry DU( NMR well logging in any mud 
situation. 
The lenglh of the probe is limited to 30-60cin 
due Lo tlic irrcgiilar clifr of borchole. Although 
i t  is possible for this kind of probe to log in 
badly oblique wells, the sensitive volume is 
too sninll CO get perfect Signal-to-Noise ratio, 
logging speed, and vertical resolution. 
This probe scans the L‘ormation will1 only oiic 
frequency. It is necessary to adjust Larmor 
frequency when the ambient temperature 
changes. 
1;ig. 5 shows the influence of magnetic 
intcrval un thc investigatioii distancc in 
Scliluinhcrgcr projcct. (11 is tlic distancc of two 
inai 11 in ag ne I s ; Y-axis is the investiga lion 
(lists tic e .) 

Fig. 5. influence of magnet interval on the 
investigation depth and sensitive volume in 

SchlumbergeI geomctry 

C. IRe Niimw project 
As shomi in 1:ig. 6, a pcrmanciit magnet pillar 
i s  placcd in thc horcliolc. Its niagnerisation 
dircctioii is peipendicular to tlie axis of the 
borehoIe. The lip coil is outsidc thc magnet. 
‘l’lic scnsitivc volutiic is a thin cylinder in the 
rock. In hcl, h e  coiitoui- lines of‘ the static field 
intensity Bo and RF E, are two ellipses with 

borcholc 

scnsitivc 
volume 

(a) 

Fig.6 Numar gcoinclry 

their lorig axes vertical with each other. l’hc 
sensitive voluines bc~oinc four points. 
We suggest anolhcr wny lo get cylindcr 
serisitive volume. Thc niagnet can be inadc as 
nu elIipsc with short axis inagnctizatioii 
dircction. Thc current of RF coil i s  not 
uniCormly distributed. ‘l‘lie objective is LO get 
two approximntc circles. 
In a forincr dcsign, tlie magnetic ~iinterial was 
ferrite, Now, cohesive NdFen c m  bc adopted. 
Its low conductivity can rcduce backset loss and 
can keep the arigiual cotitour o f  the static 
maglietic field. 
‘I’tic most notable feature of Nuinar projcct is 
that it givcs up the corinexity of static magnetic 
field but satisfies thc tcrms of NMII. [t scans the 
roormation with scvcral fi-qucncics. I t  is 

unaffected by borehole effect, bnt it needs inorc 
IW power. 

IV. CONCLUSION 

In the coutse of designing the probe of NMR 
well logging, t t ie  main difficulty iticludcs (1)  tlie 
sensitive volume is outside (he probe, i.e. 
magnet and RF coil. ( 2 )  The environment can 
affect the tnagnet ttiousnnds o f  meters deep 
below tlic cai-th. ’rhc high tcnipcratum and high 
pressurc will disturb llie xlabilization or tlic 
magiict’s working point. (3) Thc inaiii olijcctivc 
is to get sensitivc voluinc and iiivcatigation 
distaiicc as big as possiblc. 
Among tlic thrce projccls ahove, the Los A l m o s  
project is tlie first and it guides otlicr projccts. 
With the devclopnicnt o f  pcrmanciit niagnctic 
material, it inny exhibit its potentinl betiefits. 
Thc Schlumberger project is similar to NMK 
spectrometer, but the edge-contact probe has its 
own advantage. The Numar projcct is the most 
practical for NMR well logging. lt is rnthcr 
different fcotn NMR spcctromctcr. Up to now, it  
scans formations with the highest Signnl-to- 
Noise ratio o f  the thrcc projccts as i t  can gct tlic 
maximum scnsitivc voliinic aiid gct 111e longcst 
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investigatioti distance, but it stiIl has to bc 
improved in many aspccts. 
Besides thc main problems discusscd in this 
paper, there arc many other problems to he 
solved, e.g tlie lass of RF, and impact on RF 
field by otlicr pulse sequences, etc. 
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