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The invention will now be explained in more detall, by way of example, with reference to the
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chatacteristic against the wavenunmber thereof,; said wavenunber being

di spl ayed on a logarithmc 45 scal e, and defining in said second

di agram a peak wavenunber, [err] in théPo24zeraBed anplitude wavenunber
spectrufn” - overlaying said first and second diagram and finding a natch
whi ch defines a peak wavenunber kmin said fi rst di agram and - determ ning
t he di st anceaf F“BT"VBEFW@@PF'{"H@'%I |'s from 50 err The | nvention will now
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relief well . wmhfnetometeigiecated irteomlisbivelt he i nventi on i nvol ves mat chi ng
wavenunber spede ralenfo takealaip desndistansel fibineofirett relish welhiogm edcons fargel wellofquations must be
nmonopol e or derfyed despbing thevagnetia figlé B okpmenopele &fd dinslet ur es observed by neans
of t Re maghet orfisfesing to Hgwe &dorn mmepopals #tdfpoifX |n the targelwall 2, ¢f polg siranath &4 the pxid fisld
di stance frofPaPopent & ot a ppipkat\gapth zrefative d-the paint of (lpeest gRrgackgTa i e seliphral! 1
derived descPPiPH# the magnetic field B of a nonopole and dipole. 20
Referring to Figure 1, for a nonopole at a poi-nt X in the target well 2, of
pol e strezgth [err] the axial field conponent [err] at a point at depth z
rel ative t°'0 the point of BgkogestP appem®h z=0 in the reliefipel | 1 is
defined as [err] 30 Expressinpgos Qq ] interns of geonetry, equation (1)
beconmes [err] This function for t he axi al conponent [err] Is shown in _
Figure 2 together with the corresponding function for the radial conponent

[err] and ghneddsid cds' 8h thnfidor G&ditelry, equation (1) becomes

nz- —P .z . ' (2)
35 4u{z? + 63)3/2 '

This function for the axial component B, is shown in Figure 2 together with the corresponding function
o for the radial component B,y and the total field

Be/B? + 22,
. ¢ xy

45 The curve for the axial component B, has peak valuéé at z= +/- 0.707d. Therefore, we can relate the
extreme values of that curve to the distance d between target- and rellef well through the equation,

dn Az o (3)

50
- 1.414

where Az as defined In Fig. 2 is the depth intsrval between the minimum and maximum value of B,
56 measured in the relief well. '
Referring again to Figure 1, one can also consider a dipole of magnetic moment K . |, where | is the
pole spacing, cenfred at point X in the target- well. Assuming that &1, the far-field approximation to the
axial field for a dipole can be expressed as,



4% The curve for the axial conponent [err] has peak val ues at z= +/-
0.707d. Therefore, we can relate the extrenme values of that curve to the

di st affte d between target- and reliegpwelqr g7pBugh the equation, [err]
where'«Az as defined in Fig. 2 is the depth’'interval between the m ni num and
maxi mum val ue of [err] 55 nmeasured in the relief well. Referring again to
Figure 1, one can al so consider a dipole of nagnetic nonent K. |, where is
the pole spacing, centrdd=atk(@Pmn¢ dR) in the target- well ¢4Assuming that
[err] the far-field appr&xir%t_/(ien t@.5/% axial field for a dipole can be
expressed as, 3 EP 0 247 5 Efld[érr] 5 This function together with the
corresponfling function for the radial conponent [err] (z) is illustrated In
Figure 3. The axial field conponent is zero-at z = +/- 0.707d. Hence

di stance d ffo m\?yr%%éyﬁe wita the, capespending Gmotin fq hey radial icomppapnt Bgé?@ iilysgratpg, (o
depth inter téﬁ:’ t\ie &¥jal Self SomRInRTt &5 7P iy 1 20k Hepra fistance -t {f frrget£an be related
Equi val eng ~can be derived to calculate the target distance frome.g.
the radial’ fd'=eég1 gﬁﬁonent [err] 15 The approach outlined in the above
i's sound providrng ere is no interference.between poles. If they do

Interfere li gre%zgsmb‘ae&miﬁte Batos TR oﬁ@%,als!&efnbfm byl approach becormes
nacour ate, eqigbiitdortah h i b Caldlbfe AW e 3, SeEHRE fied component By,
det er M Nafyi 0N {OHBiohdoulibd 1A e aboRas e Bvilie] e iSnd RSfersHRd Bbtibehobe If they
I nt er f er enceoaiishskeiRe 8.5 MR B PeBsudfeht sRbv iff Bily) SpproatH bocbHhedifeBERRc e | S

m ni mal, then iy Rethdal26idifgX #s iRRntRh foP bisEAde \UBtefrinatithe(" SViltly Qmstiod 9 SfeSdiibasbiow
above. 20 s lefs Snslfe t6 MtevsrBndel¥Ad BaAEYVeaNordTRICHIENE c¥tinalBdSt In@drbnts & Minkhal, tee this
axi al fiel d metioacsms n difetve itdthé aipreactdesdribéd sbovel nant frequenci es or
wavepunbesos. Tia obdef I3k itdlovériay tethbdife MOstlahalyse dHathe Bl Feld Eonipdhent ByE) intterma of its
must be cal clominbmdrequsedier @ walknembess. do Beompltihi iis, the Foder Tramsioam whis unktion imsist be
re-witten asiciiged. Befbisitls isxiprecesiation (2} fona mandpaie is rberigeereer al i zed as, 30 [err]
36 where g is a function of z/d. The corresponding function for a dipole
can be witten as, 40 46 [err]] where j is also a function of z/d. If there
s nore t#an one pole on,a,t , like e.g. adrilistrin and all are at
about the sane distance dcT ggﬂ%ﬁ%m the relief-well, then %me resul ting
field conponent [err] can be expressed as a convolution of the

This expression can in turn be generalized as,
30 :

srd®  [i+(z/d)2 P2
35

where g is a function of z/d.
The corresponding function for a dipoie can be written as,

'\/:
4
B= _P . g(z/d) : (7)
4rd?
45
Be _K. iz - ..o | (8)
60 4nd3

where j is also a function of z/d. :
If there is more than one pole on a target, like e.g. a drillstring, and all are at about the same distance d
56 from the relief-well, then the resuiting field component B; can be expressed as a convolution of the
expression of one monopole or dipole- and a function H(z) related to the geometry of the drillstring l.e.
positions of tool joints. This function can be expressed as



expr essi on of one monopol e or dipole and a function H(z) related to the
geonetry of the drillstring i.e. positions of tool joints. This function
can be expressed as 4  EP 0 247 67EM024%x672B6 where [err] Is the

proj ectiion of the [err] pole on the relief-well track and [err] is the
strength of the [err] pole. The axial _field conponent for a nonopol e can
thus be expressed as, 10 [err] 16 & e denot’es convol uti on. Equati on (8)
for a dipole- Is, [err] Thé{ekfallfi®ekdzcoapdbifgnt of a ntMopol e or dipole
field may be expressed as a FouriggréSgejes of the 25 form [err] "n" is

cal |l ed the_ harnmonic nunber and "k" is a wavenunber or the reciprocal of the
wavel engt h® 35 Let F{g(z)} = k) be‘the.Fourier Transform of the

function g(z AN . Ber e Follr i i B ith r] 40
rhis: means.  RYSE SRBORAA SR E e b el Bl AR R SR
"squeezi ng" of the wavenunber axl S. gﬁot her property of the Fourier
Transform.js, 46 [err] or a convolution in the spatial domain is

equi valent to a sinple nultipli,catj i he Fourier dopgi,n. Hence
equations (10) and (11) cén'be—lexbwggeﬂutzgf 50 (ith [err]
(13) [err] EP 0 247 672 Bl 8Ris result [err] is particularly |Inportant
since it Inplies that the Fourier Transform of the magnetic field
originating froma series of poles ona drillstring in the target- well
consi sts of twhere pdanbies cohautibn. Equatige)foraaigaleiises t he si gnal of one nonopol e
or dipole. Superinposed on this is the contribution fromthe geonetri cal
function determ ned 15 by the spacing of the poles on the drillstring. This
can be illustrated by plotgi=ng § h'g(am)l #tw@s of the congonent frequencies

of t@_g si gMal agai nst the C"orre;,oondi ng wavenunber. An exanple is depicted
in Frgure 5.

The axial field component of a monopole or dipole fietd may be expressed as a Fourier Series of the
25 form, :

“ F{Bz(z) }n- Z (ancosz-nxnz 1_) + (B nsinZ‘wani) (12)
’ i=]

*n" is called the harmonic number and "k" is a wévenumber or the reciprocal of the wavelength. _
85 Let F{g(2)}= G(k) be the Fourier Transform of the function g(z). An important property of the Fourier
Transform is,

Flo(z/d)}= G(kd)(13)
4 This means that in the wavenumber domain, an increase in d results in a "squeezing” of the wavenumber

axis.
Another property of the Fourier Transform is,

F{t*g}= F{)-Flg)(14)

45
or a convolution in the spatial domain is equivalent to a simple muttiplication in the Fourier domain. Hence
equations (10} and (11) can be expressed as,

. Flg(z/d) }= G(kd) (13)

s P{f % gl= F(£).¥(g) | (14)



THe next step is to derive the distance to the target. This is done using
an over{l ay technique. This.technique involves attenpting to find, in the
anpl i t ude/ wavenunber spectrum of thegpicedas eramonent [err] the 20

under I'%#ng anpl i tude/ wavenunber spectrum of a single nonopole or
dipole. Plotting the anplitude/ wavenunber spectrumof the axial field
conmponent of Thig resuligl e nmonopol e or dipole.at a distance [err] froma point
inthe relief-well, results in such signatures as seen in Figures 6A and
6B, respectively. The wavenunber axis is displayed on a |logarithmc scale
since we can wite foF{B%}g- di pig(e/d) Q‘I‘R](z)'mhgg gukd)eF{8{HY a(mhange in
di stance § resul tgqin asinple shift of J in: thedlogarlthmc wavenunber
domain. In each case a peak wavenunber [err] can be determ ned. By plotting
t he anplitude/ wavenunber 30 spectrum of the actual signal and overl aying
the plot of a spectrugpy gla ¢l , imately a
mat ch can, pe found bgmvxégn E‘ﬁg sin ﬁm)gmg ggzggryu%(%dggﬁg);’nvg%pe of the
si gnal spectrum which determnnes the peak wavenunber, [err] of the actual

signal as ingdj b&ﬁéuﬁ Ibohdh® siH@SRiids 1€ thb Fodre@ Tramdforn] Bﬁth nabrihiE feid Bﬁbmaﬂng from a
relief-well $oRestcrbsligd GnV!?J!rillstﬁﬁérin oBSvoll BoRREts bf NG barB OTHeiFsk part domiphids 1H8ignal of
well's are padnalrd polo@r 8REIE. Sibdiftiposeli BR thisl 1Stha BERHLIRN rdif Ghel gaoMétical tuRtor deflmihéd
a constanks HoIE \Bacing! df theBoléklon/MBb ldRIIsEG THRMAR 8| MEtratdd 8y PlbtEigAME @mplitude of the
cal cul at ed r@mpeRAteRuEhcIBE ofthélisBhalagansf B cbrfedpdniih Wi@hurviee 148 dxhifpléTROdRpitted in
di sturbance mg®es.S. It i s obvious that an éequi val ent procedure can be
derived for th&he et step Boniemerthe fligtanch 16 the téried. Thist ialdoneaugsing tan vérlag ltathijiges This
50 and for ttaehnigus iavolvgs althimpity tofindoin eheGimplitededivacanrpioan epsctsung efrting fieldonompdneftd.te
t hexlot al 20megdetying famelitadeRravehumber Efpegtrdid 7 06572 Bitgle t mandpblef wr t dipple.hePlotting  the
appr eci at ed anpiude/vpversiprer speekuingf thefaxialifleld sampdnentwtim single mprioppiel ot dipdle s a distance
measur ed dat fomtanolbin the refakyelle tagiiie inctuchhiigratures aepres in Figueas 6A|aRd B, despegtiyelys The
wel | can be ‘%ﬁ"?’?‘\'f“ﬁ%l’taé'a P?é?ﬁeﬂ"él logait{yaic seale sinspe can viika fprag; adipple.
contribution is onl (}/ m.nar inportance and can be ignored. If desired,
the cont rfoullPd B¢ °9'ﬁ'é'°%dé(ﬂ)h magnetic field to the neasured data can be

ubtracting 18 ﬁp@%nﬁtl & S R st & 48 5 R RS on R B

f
EE?Z:JL gg}g;} Z e uﬁaggtc r rylsg%ﬂv%’e% i%? né%é bi EE fnida! Br‘%‘a.\émﬂ&%ﬁe Ta@r%o defwav number
i p

skilled in g | a h@tﬁ@é‘n@é&ﬁ%o’/tm ﬁ:ﬁ%s
ot her nodi f 'méh pmﬁmmk RY. &8 tHo ABtuiMslghal @ﬁaea%emw 8dthed'iRe 8.
skilled in tﬁﬁd%&.h frdameﬁ fel t@l&f@@w&aﬂﬁs&s&@&da%man acconpanyi ng
drawi ngs. to Such nodifications are Intended to fall within the scope
of the apgended clains. Cains 15
J(logkd)= J(logk+logd) (17)
U/ If the two wells are parallel to each other, the distance derived in equation (18} is a constant. However, if the

40 wells are converging, the distance calculated represents a mean distance for the Interval where the
magnetic disturbance occurs.
it is obvious that an equivalent procedure can be derived for the radial component By, for the total
magnetic fisld :

kK .d | (18)

§0

and for the axial gradient of one of said components By, B; or of
56 /o2 Y
_ . B=vB xy + Bz ’

the total magnetic field B.



1.\ A nethod for determining the distance between a first well (2)

contai ning ferromagnetic parts and a second well (1) having a central axis,
t he net hod conprising: - measuring aEEHhﬁlﬁcﬁ?emstlc of a magnetic field in
t he sur¥oundi ngs of sai d ferromagnetic parts, at several depths in said

second well, a acteri zed onvertln t he neasur ement '

Into a signal ﬁ%e{%e ﬂa'%f})%ﬁ'é? cgq? rﬂftt ap'?ﬁﬂﬂée'ﬁfm f’ﬁé“eas“’ed data

conponent frg aopgto X U[‘?Beﬁ“"‘ ﬁgq o geveral yyayg. In
8 he contributlon
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b Ithns contribution ? ort ’193 can

char ater|, stfaé'i’:?ﬁe;ﬁ% mn%' é&ﬁ" gt m% iﬁ m ?j f: m;q",,:%g“
e B tﬂes% co

t heor et i cal S Garfing bl tih%ﬁﬁﬂg I anstinh Qck'lgeg:Q{e
1 cossar

di stance do {dhaigh 41 the art i e I
plotting in a
said cal cul %&gi%%ﬁﬁniﬁﬁﬁdﬁ ﬁ!”::\a/gﬂ\]/'enuR%g"rwitp g{ratet% %%gﬁxee& i

wavenunbefe bei sgh oBéaaMRGrddRoried RIS within mecsc&ﬁ%# e appahbicd @faintd ng in said
second di agram a peak wavenunber [err] in the cal culated anplitude

wavenunber spectrum so - overlaying said first and second di agram
and finding a match whi ch determ nes 'a peak wavenunber [err] In said first
di agram andClaimdeterm ning the distance [err] between the wells from/[err]
40 2. Thewmnet hod of claim 1, wherein said cal cul ated and neasured

char act eri st% c8 reatiwdtfbredeteomipiog dhat distapesr bétivesh at fiost el (R) conttinigg feaomagnalit psds ahd a
t heoretical angecatshwall{Bdavingrrentrabads; e methedeompdsiigvel y. 3. The net hod of
claimi1, whereimr desesringp charasiodetic ohe magnstic)fieltin diessureundingssf seid forpraagneiis parts, at
conponents 46 spyerah daniis ¢ saish seeqnd wefl, andccbresterizedyt s of said theoreti cal
and\ neasufed mag'né’P'F"&"’FQ gled“eaF &{“F%% pignal and Rietingipianiiset digoram We Amelitygecs! dien
the axial and two9 ?‘ﬁ' ntIf 'E:EE Ef?’!ﬂ Sqelngti e WesR{RhTe H‘P'§° paid; HF"G"WH’GF\B‘T"?QC

fields are cal cul 38"’9 2% nd s dca ul at e

characteristics armal {3 mun ?°”P??80';e'19t f {B > ragﬁ g@ﬁ:ﬁ:ﬁ
magneti c %I eld, rep f i Uﬁ?er“g a‘? o

cal cul ate

ted and ”en%%&{ﬁ G mstﬂh ﬁi;i aﬁ td?%aéa oodHt #84u6ReR o fsatl iculated
theoretical and e TR o e robl] sl vé?\ mbar e 8 broa logarithmic
respectively. 65 ReyERHd G&ininGIosel s 6rﬂ(ii*ag P2 bk HRbRLAbA & i o hicUheRIAClnplitude
entre un premer m,;l,gnamge’g)spmenant des "4olnents ferromagndti- ques et un
second puits (1)- veHfing! RaidXfst CAItdoddnd AiRrddl Qhd-HRRdicg APHAER Which determiked & pdsk/
672 Bl It will fumalsaimbe kg aaeistdigpant,@@d the contribution of the earth
magnetic field t-0 delesniniipths distehcs af, Bet@dthaervidlls #yn NBGNeEt omet er measur ement s
taken in the relief well can be elimnated in several ways. In sone
situations this contribution is only of ngnqrgi nportance and can be

I gnored. #f desired, the contribution of the efrth magnetic field to the
measured data can be el i ninated by k n TiTtering techniques in the 5
wavenunber domain or by subtracting said cdatribution fromthe data

obt ai ned by said magnet oneter neasurenents Bef ore carrying out the Fourier
Tr aln_sformdodescri bed herei nbefore. Since these correction

2. The method of claim 1, wherein said calculated and measured: characteristics are the components
parallel to said central axis of said theorstical and measured magnetic field, respectively.

3. The method of claim 1, wherein said calculated '_and measured characteristics are the components
45 " perpendicular to said central axis of said theoretical and measured magnetic field, respectively.

4. The method of claim 1 wherein the axial and two mutually perpendicular radial components of said
magnetic fields are calculated and measured, and said calculated and measured characteristics are the
magnitude of the total theoretical and measured magnetic field, respectively.

50 _
- 8. The method of claim 1 wherein said calculated and measured characteristics are the axial gradients of
the theorstical and measured magnetic field or of one of its components, respectively.

56 Revandications

1. Procédé pour déterminer la distance entre un premier puits (2) contenant des éiéments ferromagnéti-
ques et un second puits (1) ayant un axe central, ce procédé comprenant :
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2. The method of claim 1, whersin said calculated and measured characteristics are the components
parallel to said central axis of said theoretical and measured magnetic field, respectively.

8. The method of claim 1, wherein said calculated '.and measured characteristics are the components
45 perpendicular to said central axis of said theoretical and measured magnetic field, respectively.

4, The method of claim 1 whersin the axial and two mutually perpendicular radial componénts of said
magnetic fields are calculated and measured, and said caiculated and measured characteristics are the
magnitude of the total theoretical and measured magnetic field, respectively.

6. The method of claim 1 wherein said calculated and measured characteristics are the axial gradients of
the theoretical and measured magnetic field or of one of its components, respectively.

65 Revendications

1. Procédé pour déterminer la distance entre un premier puits (2) contenant des éléments ferromagnéti-
ques et un second puits (1) ayant un axe central, ce procédé comprenant :
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dar gest el ka si wude FunBde esslvamposedteser zur genannt en genessenen
charakteristischen G ofle korrespondi erenden cha- rakteristischen GWe

el nes theoreti schen Magnetfel des ur el nen einzigen Monopol odor D pol 65
an ei nem austypriiheen Abstand do von der zentral en Achas des genannten

zwel t en Loches; - Auftragen der Anqjlltude der. Freguenzko onent en de
genannt en"’oe?‘e(‘!ﬁ foR fump B standes zwischen einem érsten Loch (2), das fen'omagnetische Tolle

enthélt, und einem zwelten Lo (1) mit einer zentralen Achse, wobsi das Verfahren vorsisht eine
- Messung einer charakteristischen GriBe des magnetischen Feldes in der Umgebung der genann-
ten ferromagnetischen Teile und zwar in unterschiedlichen Tiefen des genannten zweiten Loches,
gekennzeichnet durch:

50 - Umwandein des Mefiergebnisses in ein Sigrial und Auftragen der Amplitude der Frequenzkompo-
nenten des Signals Uber deren Wellenzahlen in einem ersten Diagramm, wobei die Wellenzahlen
logarithmisch dargestellt sind;

- Berechnen einer zur genannten gemessenen charakteristischen Gréfie korrespondierenden cha-
rakteristischen Gr88e eines theoretischen Magnetfeldes um einen einzigen Monopol oder Dipol

65 an einem ausgewéhiten- Abstand do von der zentralen Achse des genannten zwelten Loches;

- Auftragen der Amplitude der Freguenzkomponentsn der genannten berechneten charakteristi-
schen Gréfe Uber der zugehSrigen Wellenzahl In einem zwelten Diagramm, wobei die Wellenzahl
auf einem logarithmischen MaBstab dargestelit ist, und Bestimmen einer Spitzen-Wellenzahl k, im
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der genannten ersten und zweiten Di agramme und Auffinden ei ner Anpassung,

wel chi el ne Spi tze apBnates fmphiudeg: Wallenzgit-Segktsre i ganannten zweliag Pagdm®est i ot und

- Bestimen der hexdpgprny Her Z9ananiee nerdem “'I'_%E‘f’ﬁ‘,*% Dipgrage H@r“@"@?‘b RiergAnpaseyng.

2. Verfahren nach ©elge Fritgen-Walpazahidm ég@'ﬁ‘%g 'g@?%‘ﬂ?l Hmmt g

gemessenen char akt B¥SHATPLeE: Biftegs il Ynasmasfey '§'°'§’§ﬂannten

t heoreti schen bzw. des gemessenen Magneffel des parallel t5 zur

genannten zentral en Achse sind. 3 Verfahgen,ngch Anspruch 1, wobel die
genannt en berechneten und gerressenenacharaﬁx.er.Lgtl schen G 8flen die
Konponenten des genannten theoretisch®n bzw. kdes genmessenen Magnetfel des
senkrecht .zur genannten zentral en Achae sind. M20 4. Verfahren nach Anspruch

1, wobei dle axi al en und zwel aufel nander senkrecht stehende radiale
Konponent en der genannten Magnetfel der berechnet und genessen werden und

wobel di e gepanilienbbe AhGRIcE N, Woski IRNBHAARR efobimbk lufd GSrhédsBénaR RhdmikN&tiBchen
die Gr60e des URSRATIR KIkPBRINGhIdES BoantinihoddiBInGS BE Hod/ BENSEdneh tRgnotiéIRts . pardiot
5. Verfahnren nagityehdhnten Bénfraldn ASNSPSId. di'e genannt en berechneten und
genmessenen charakteristischen G 8i~en die axialen Gadlenten des
t heor et i sches bavahrepenels fesparch Magrobdi fdisl gbasnnted derechinaten und gemesi@em charaktegstischen
sind. 30 35 40 GtSBebdie3®mponenten des genannten theoretischen bzw. des gemessenen Magnetfeldes senkrecht
2ur genannten zentralen Achse sind.
. 20 '
~— 4, Verfahren nach Anspruch 1, wobei die axialen und zwei aufeinander senkrecht stehende radiale
Komponentsn der genannten Magnetfelder berechnet und gemessen werden und wobei die genannten
berechneten und gemessenen charakteristischen GrdBen die GrdBe des gesamten theoretischen bzw.
gemessenen Magnetfeldes sind.
25
5. Verfahren nach Anspruch 1, wobei die genannten berechneten und gemessenen charakteristischen
GréBen die axialen Gradienten des theorstischen baw.. gemessenen Magnetfeldes oder einer ihrer
Komponenten sind.
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