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resul ti ng 'Zﬁis ﬂmﬂylhanused fa-ndxﬂlmgci:f btfvaﬁt:a&rrelﬁeal to the target

el ectri cbere '%It sﬁ !’fgctsael(r)i:lﬂl%@t ‘m S '1(1“@ bt eggﬁ;ngn measur e t he
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the ori egétg.ﬁn.ﬁﬁgm ola e’tafﬁiﬁi ng'arin rél Edmﬁlsl eld sensor is

pl aced uﬁtSt hnd wgordd“nmenwmed apak byra |prﬁdvtotmla@erhslﬁ1ce along gr adi ent, as when

t he el ecgle §f?§le§l§ hd rgspsaﬁselt Jl;? sgl’i;'i‘f" ma:fxmumq.ynsﬁnel PIiORR target - 25 body.
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- .rret hod ofnuullptemtclramabr ro Fsthﬂ)multlﬁlacvndds 6fldaua nttofa smglbdate m;e to I ntersect a-

subt er an%%ﬂ g&ja@éqfnme_‘ifa F‘H‘ﬁ‘gﬁr‘é‘i‘“le conpri sing

det er mi npfgiq % gt SRk Sight Bt %ﬁﬁ%‘ﬁ‘ﬁﬁérﬁg?ﬂg bor ehol e by- an

apssopr i Meccﬁ:uerwwdnﬂgasm sHie D o an m&ﬂbmﬁmarﬁ;ﬂmeﬁr ocintthelg t hes di recti on
of drill Wgwe’t W%m @ﬂhé’npw h‘ect r digrtosesin ahﬁadtﬂeﬂteaslgﬂ from35  a

posi ti ongfd i %&‘i“g‘:ﬁi@ﬁgr .. Yieniently

i nt er secipizing mﬁaﬁu@ 3 dig hﬁ &feﬁﬁl ul élﬁrﬁﬁgdf@l“ det er mi nati ons.

. Thie met hmuhtmmylg,onny\berappimﬂ ltoy alstei lqlmn’re azrderdmd/bia digitakwoloddterver t i gl rel i ef

bor ehol e_t oApei ‘ﬁ%} ceg\ﬂi ‘;l“"’ ¥ wilkn cribedtbyes 061 own out. The
present FH ﬁ& AT Senh V»ﬁéﬁ ".#ﬁk%%g‘f oﬁtﬂb\i’ ll:eeflél@rsengiﬂéry' ng out the 40
above mef; usan skchrdaice with thel pd@entiinveition i & betehobSqdpicént aSased eyi ng appar at us

- f or65- 40wdlétl@t isidasired to helmqwg@dwhahetmrg@le exhibiting a nmagnetéx or
"electric field, conmprising first and second field sensors spaced apart by a
predeterm ni ed di stance along a reference axis, the sensors either being
responsive to a static magnetic field or to an electric field and being
arranged with their axes of maxiniumsensitivity-aligned.




45 al ong said reference axis, or the sensors being responsive to a

time varying 45 magnetic 'field and being arranged with their 'axes of

maxi mum__sensitivity perpendicular to said reference axis - The
apparatus conveniently furtherincludes surface data handling and -data .
processi ng apparatus which canprises: .circuitry for receiving output

signals from50 . 'the' "sensors and for conditioning and digitizing the

recei ved si aI d digitak 50 nultlpJexer circuit for routing the

mul tiple ck els of data onto a 'singl e data busi-and a programmabl e cal ¢

at or conn tedstothe data'' bus for recesssmagthe digitized data. 1If S
time-varying érectric r inb” {lEniqRMAa fifustrdlin VI d| ng
i sﬁlgéLZ?s aednpﬁétﬂgelﬂﬁkefgﬁ AMF B ique hAQ ftfustrdting |

A.C. output si-gnal sthe hss6didtéd hedeithyO U her conprise AC-to-

DC converters di spose(cliFlaliﬂwf fand Hear5| msolmttﬂtungolrhc rpgﬂ%rrrpllflthq é\as“e“@r | n
the =55 altegnatileh g é_qg N R E L Rl SRRSES) ﬁg?&%‘m the
signal conditi nal @Hlnf brial ﬁlﬁg?netlc CoatriRl by the SEHANRICE ﬂéld?e'ﬁ n aratus
synchronous det ect obf Engiwer\iheh digpdie nansa;gmabahélq a b.C:: si g ‘sui-t ab

for 'conditioning and HC &56215 ectosdiagram a¢lati gﬁaﬁw ?}ﬁ E‘Fc‘ %@@f SI ng-
the sensof outgut sd&'ﬁ t'°“68“h e calgyptign; of ﬂ'iegn tign, an ﬁﬂ"f d' tey
a strip chart reCO" er ns& HosiidcBbnay @b BEhE Eibsuifapé ﬁél@ﬁd’nﬁﬁh sipadi nent
of the' ‘i'nvention V\pﬂ Fxgurew be descrl bed by vvay of exanple, with reference
to the acconpanyin digsram, ubgugface ﬂéﬁ‘%’ﬂ’éﬁfﬁ"ﬂ%’ etemat i c

di agram of subgurf b s%’w%ﬁi “%I“iﬁ"%ﬁ%‘&@%&gﬁﬁ.& 3 BRI AARGR Whikhd e 15
present invention i magnetiosedborlefenrdis L eiet apparatnfsEFighrd 1 t-hat. -
desired to be i'nter %ecf'lé‘d.]&ﬁl 1Qyispa f@g%sﬁﬂ” arrahgement of the magnetlc sensors wnthm

1, 585, 479 ¢ subsurface maggche; kefg-genging apparatis of Figre b2 feriged by “‘E he

res zllittems of the

"rangi ng" techmi que a I $L ik #dchéibaticlafig ﬂhﬁﬁﬂ&ﬁhﬂ@o@ﬁﬁﬁ@é@hﬁﬁbrh&ﬁﬁ el th; 20
FI GURES 3 and 4 aresndxsuar aabctrdnicusotolclatiia m'edhm Pigirt &r n 'of the magneti.c flel d

emanating fromthe § § hy 'éd rag « or the circuitny |fgg gre obthe agnedicagr am
of the coordinate alfSsRusE? "@@‘EP ‘afa'éra.%e&f Dhagneic Srlirl BAIODALm -
magnetic fiel dzssenS@lflﬁble’rlixseﬁﬁic&anEhﬁl vamhmmigaa& eldabidoiscirotitri f FippErAt us @b
Figure 1 when disp oz&dﬂ@%&lb eemsmdﬂ%heﬂ e%;?@ﬂé’@ dement of Higuredd withatyr am
relating to the. dev ction..
with the cal cuI ati orﬂ,eo:ElﬁgJ OE& Qﬁg rl?:ang?g thgﬁﬁi%%ggu{ tgmg{r?ir?%gt i on
angles; * FIGURE 16 lsaschematlc dlagram of the electronic clrcultry for time-varying10 30
FIGURE 7 is a cr ossr@m; andiklectrie fieldisensaes ig thesiwbsusfeee figld sensisg agnarpjus of . -
appar at uss of Figure anIGURE 17 is a schematic’ 1@:@118521 l'taie qeéalagﬁlﬁuﬂbﬁ%@me()f the
subsurfack el ect I‘Ont'dgﬁlaﬁ@fdiﬂtﬁdsdbb’urfabep suppl ,amaé’ sensi ng appar at us of
Figure 1, 15 35 FIGUHE 1 8is arsﬂlnst@tx\rvehrvctaﬂmf aeg;tablsembmlmqnfqnthetvhelcal 35

response pattern of s“t“*‘%ﬁ““”% P UPAE o Bl  PIE UL B Lerk i at s
of Fi gure - . Figure- |s gra e arrangeman¥ t he
magnetic sensors wthi RIGURE smtsalm&dmﬁgmgofethe arfateinsingren@atiogthapeesiadus of
Figure .1, as #pi cthedlamyacapiesd byr@%ﬁﬂ?ﬂ@%ﬁ‘ﬁm%@bﬁg'ﬂfﬂé sensors; 20 :
FI GURE I I is a schematic diagramof , aﬁly| | ator circuit for use

in the 20 subsurface 'ei;eeganEﬁntlﬁ&ybdﬁaﬁKv haﬁé dlaid hghddtes & thE gkl 12 15
a schematic diagr amwéntbhlg{gdqa}rwﬁgun th:tsgerie@agggfmélr;mivztohmdm weblemmambtd: agdnsors
of the apparat of R =

magneti c senso!r&cor é’b@g‘ nof %lc ¢ semt"fga‘g? g?j 'K%"atmg c';ﬂ?l"u%gv'%e withs
the magnetic fiegld senhm:rtau embodimentsihe pies uneve‘ntuib,utnl:%tlﬁlc%rikﬁcsloﬁtha si de -
view of the sensor Zgenetiefigl h‘ihe B*F“lﬁ“ ef@tanastwt :q soureg fople ﬂf Eﬁﬂtﬂenn

repr esent at i onsg nMpo H%‘ﬂég l;i?rcggﬁl ZT ;ﬁ‘itgﬁgfﬁ ApREc éubéif Bliche
expected fromt he Obdnfitig’ appaFafiisniatabedO %o&%ls%mgﬂhﬂecﬁ Qlﬁﬁﬂi:m dughf €S
13. and 14; - refel‘eﬂcmg WithEkspect 1C8thr- saral’sscdgemmetd, atkr apandity ltdﬂeas tov E

el ectronic cwcwtr&f“ FY? H’é’ift‘?ﬁﬁt arts ﬁrﬁ’gﬁléﬁ’ :ge tric fi
sensors in thessubs ;ezaéﬁv - ShribE BoplEd] tRp laﬁia{aoga °‘u§’§a,&uﬁg% 2‘32:'&?@2.%& 1765
Is a schenmatic- di agredtaﬁmélna mtmédtagmevicmgsa warwdlti t-abl e -f or :t-he: riegul at | on _

of the subsurface power : suppl y. vol t dges:’ ' FI GURE- 18i s “an:

1 st ve o agram ofug sul glhenatie AR Gl o B i 57
shown in t he bl ock Blraigl redtt @hbn€aliés in the earth’s ma %l;etlc field. An anemaly of this:-
sort will appear’ as a magnetic field of intensity H superimposed on' the eartli’s 60
magnetic field. The general form of the expression for the magnetlc fleld as a. i
function”of distance from the anomaly is glven by . ok



FIGURE 18A. is a plot of the output response of the vertical sensor device

of Figure 18; and FIGURE 19 is a bl ock diagram of the surface
~instrunentation that received 40 t he data acquired by the _subsurface
-instrunent of Figure 1. . 40 A. GENERAL THEORY The

general theory upon which the nethodand apparatus of the present invention
__are'based is that generally descriptive of and appli'cable to magnetic and.

ectric fields. The principal focus of,the present inventien is, however,

'Dg the 45 . utilization of magnetic fields:existing about and -gmanati ng
frofn a' subsurface target 45 o854 - In. certain enmbodi nents 6he pfesent

i nvention utilizes the-charactgLigi cs.af. the.magnet).c t1eld of the earth

and of.a' target magnetic source-to provide .information'qfrom which

t hertarget range and: di-recti:on: witth respect *t'6 ‘subsurface magnetic .50

sensi-ng ARRA Rt YSnshAladdEnddbt SLML e don il E0t At N, of “the ‘subsurface magnetic
50 sensltﬁé.-ﬁrﬁmﬁamf-ﬁatﬁgﬁgicgﬁgﬁfﬁ%&% %%&?ﬂm'ﬁgﬁﬁied- i s determ ned

t hr pugh-the &fleffoaei with dijtinee,rre opthe mapieetit fielddstedsiy $1-ofafabadyc f i el d a knewn
quaht ity hAifferanyiai ‘q‘mt@)@f - .,S%W'Q}%gg{%“ @'cb‘%‘,\;ﬁ%"f‘ hemagacticar | o%ation on the
earth. Py aensity witll pespeetio radied pasitin BFFHS OVE BREFHED N hods and -

th

apparatus of the 55 - .present-invention can be dpplied, that ‘appliecation
being the drilling of a directionadKM55 relief well to intersect a
previously drilled well. - dHAr=——p= T4, gét' Range, . Lar¢d pi eces of

.magnetic materi.al, such as magnétized casing or.drill " string in.a borehole,

' can cr eainé exprassen h vetor iquantityshat snay bé sfemad)toas the gfadiehtchf HObr geddiomal y of this 60
soft wi |H. ipShe-eadialy dirqgtiom Jtyclorming the) ratie) fﬂg’(l‘b-ﬁ%rl‘” ession, gﬁsi nmpod@d on the
eart h' s MRInEoNl.the rageeef 40 tenmeggeticbuly 8 he Bi-of faedk dPtssion for the
magnetic Tield

“as a function 'of distance fromthe:.anonmaly is given by:

6 o H (KM) . (™) . 1,585479. - . & - ..
6 HH KM . [err] vvhe‘r'ezm:s# —ronst zlaln 'eﬁe-n'gent; _p'po‘h_'s"u'éﬁ"pr‘ope"'r'tie_s as
magneti c susceptibility of i-th . surroundi.ng medi um .M:i's_the magneti ¢

nmoment of - ihevonaanetmentdweynadamdhnhdts t he fall -of f. rate with di'stance, r,

- of the magnetic field -is"_pt'ensi Ly H of-Ht he . b-odry;“'_5? . o Differentiating the
abgyve expression yiel ds™t he. “Ha £y of change”®f the magnetic §jsfield
intensity with.respectHi-ar radi al pasit on froom the center of the magnetic
body. That derivative is: nKM[err] and expresses a'vector quantity that

" may be rthanpeRdivisiongs the gradient of H or:grad 10 - . “H- in the radial
direction. By formng.the r@gt(gupf) HQH .. an expression results 10 - -

- involving .only the range, + —t6—the -#agnetic body and -t(e fall-off rate n.
That expression is: :[err] (H) @HH) woznmeasurenents are made such that 15
[err] thgnn WROdketlatel Sion, [err] .20 -~ © *“This derivation indicates that
the range, T, ‘of "an’ observat ion point in space 20 .fromthe nagnetic body
can be determ ned from neadly @ileidt)s ot the magnetic- field intensity taken

at three or nore points al g’@g—b bStantial I'y straight |ine intersecting
the axis ..of the relief weq?ill(._ lk}et;(’art’_nﬁ ne the average gradi ent of the
‘magoet i c_f iThisiebiedtion dmlidateo st fhei raige, r, d5an observatianTioltwaspaes of 201 and dH dr
for the f m%@@éqagﬁmgﬁﬁgwrwrg@agg%dngwg%fg. "thgﬁa@giwgned magnetic
(e o' e e e PR ST bt scclecy o
average mignbimefidkhBit@tdnGh sbq:bﬁitsll ntensities neasuréed on two nmagnetic

se@8or scan The valsaadf Hand ¢idr foathe abayk ngatiiﬂs,@ambéfmmming trar] i 25t he

cnsiie

' i : tiq SERFOISRS d: : istange, L FoR, 8r P
r eadi ngslene: MedR s fie {Eﬁ?mﬁgﬂﬁ?ﬂkﬁ el S A e e Rl separation” Ar
bet ween gem cglﬁ %j &isdfog elvalue of H: The difference AH in the readings between B :
- the two magnetic sensors divided by the separation:Ar between them yields AH/Ar, -
- 30 which is the average. gradient of the magnetic intensity H over the separation and a - 30
good approximation of dH/dr.- .- - . s oo e e
- The diagram of Figure 2 illustrates the foregoing discussion. In-order to obtain
two measurements of H and dH/dr; for substitution in the above equations, it is
necessary to name at least three measurements ‘of the magnetic field intensity H.

35 To obtain H,, the magnetic field intensity at points a and b must be measured and 35 -
averaged. The separation of the magnetic sensors-defines points a and b, with Ar . :
being the distance -thierebetween. The approximation of dH./dr is. obtained by
dividing the difference -in the: measured field- intensities at points- a.and b, -

designated AH;, by the separation Ar. To:obtain H,, the.two magnetic sensors are

.40 each moved to a new:location along the-common axis, with the sensor previously at. - 40

oint a moving to point b and the sensor previously. at point b moving.to point c. '
imilar to the determination of H,, the magnetic field intensity is measured at




30 which is the averagegradi ent of the magnetic intensity H over the
separation and a 30 good approxi mation of [err] The diagramof Figure 2
illustrates the foregoing discussion._ln order to obtain twd measurenents
of Hand [err] for substitution in the“above equations, it is necessary to
nane at | east three neasurenents of the nmagnetic field intensity H 35

To obtain [err] the magnetic field intensity at points a and b nust be
measured and 35 dverageds The separ ation of the magnetic sensors defines 22
points a apdsh, with Ar being the 'distance therebetween. The approxi mation

of [err] |’5/obt7ar ned by dividing the diff&s58M32 -in the neasured freld 7.
intensities at pol mp@mé baanﬁlc @nﬁ]ﬁl@'vﬁﬁ@&f?p bLnﬁét’i\l a\m/agﬁ\ "ﬁ{eggutélmznta‘r

obtain H2,.the.two IAPysrBAn htﬁ‘on&ﬂ‘ﬁﬂﬂklb‘ls&fh&l by deteBiilia gm&\/di erbiite befdRdn h@Catl on
al ong the common axrnsensmwt poihe bsgd c.ovH2panshdividiag thatgpuantitybystbe separatioroMi ng t o
point b and thg sen?B RS SRRE ) Fighregothp valties 0btd 47 4 for PBTHHtioR in gpftinar 1o
the determnation o Ifl the magnetic-field intensity is nmeasured-at” 7

1, 585, 479 © ry=r+3Ar/2and = 7 points.b and ¢ with the
val ue of [err] bei ng the average of. the two neasur enents. The ‘appr oxi.mati on
of [err{ i's obtained. bl et ¥Pmi ni ng the difference between the intensities

at points:b and c, [MdakremenBdvdlildbeCteptatel ABntcHARIE the)eiyrs bRRQAFMBET AdrigQN

[err] As can see |patrhrt0 Epdpte eanmomtve thea¢losing. abfthe 1, angndkaggmg decfiraey can be :
substitution i lﬁ e qu d5v1th the m ements being made. at intervals that are closer together, 10

5 Measurement s . woul a°h BBl Ef S o BleSvahins bier SR aH dakfmigdvanced
al ong a' path to. upclamaseamﬁo\rmsmeln thb éollowing hwgion:0f t he range. Rangi ng '

accuracy can be 10 i mproved Wt asurenents bei ng made at
intervals that are closer-tdget her, r&M‘“S\'fﬁrﬁsoach’r a conti nuous reggr di ng.
Substitution in .equatian (4) of t he. vg](mg,;rpf I-,l,,aymzdl-i/ dr det_erm ne

di scussed abov results in-the: fol l.ow ng equatr on: [err] 15 . .which can
be sinplified which can-be stmpllf'ed to- o .o 15 15
[err] and rewrrtten to express f he raqqgn T, a,s+ ,@jlovvs [err] 20 2 is-

i nsi gni fi cant when comnpar ed to r, by deleli rsg-t-he—second term of t hdéx op
line the equation reduces to: [err] TH&AHange r=3M2| be. expressed in the.

sane. di nensions as Ejtmtt et(he?msscmetr]}@ ,sregpfoﬁ% on Ar i s neasured.

Typical|ly, it would be in nmet e Once thérange r is determined,

the fall-off rate n nay. be ascertained: tmrBQsH " imdicate the character -of
t he rraghetr c target. The ‘value of nis ; red by.srvi-ng 30 the equation
obt ai ned from equation, (3) . of the appr tion fornula [err] 't ms to .

be apprectated that t:he .rangi ng technuquengtaﬁcrr bed abgve can also be 5
carried out ‘'with a si'ngle magnetic sensor—H only:-ohe sensor i s used, the
5. nmeasurenents of magnetic field |ntensrflyﬂ'hust be correl ated-with the

di stance .fromthe magnetic.body, e.gd. the distance down a borehole (the
[err] d| stance) - at which they are taken i-n.order .to ascertain the
separat | on between the points at which the r@Easuren”ents are-made.. This ca
be -donge, e.g. by suspending the . 'sensor downza 10 . boreh01 e Wth a cab
t hat |s[ marked to indicate its- | engt h.: The separatlon is 10 reqwred to
pernmit the average &gg@%ﬁé wien tqmawdgmebv del¢ting the, semmmottbetwlmethe
determned. It is t§ K8 out . that " because of: practi-cal R

consi der ati ons rangi ng wi'th. a si ngl e. magnetwm-sensor Wil not be as "
accurate as with twe sensors of. fixed I&: —separatron Most. i mpor4®nt of..
t he practrcal linitations:on using one S %ﬁ‘f‘lzrs lthe 15 dlffrculty of
ensuring that the sensor - |s sr mIarIy or’ g a at each of- the . R
‘ _ -where- '_ ) _ -
25 o E _(Hb+Ha)/2 H, -(Hc+Hb)/2 LT s

AH H H_,AH,_H H,,_'*

The range r wﬂl be expressed in the same. dlmensmns as- those with whleh the- :
separation Ar is measured. Typically, it would: be in feet or meters. . . - _
Once the.range r is determined, ;the fall-off rate'n.may be ascertamed to-
30 mdlcate the.character of the magnetic target The value of nis obtamed by solvmg . 30
~ - the equatlon -obtained from equatton 3) . e : . '

tyg en o 0l
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measurenent |locations. It is a basic prem se of the ranging techni que that
the field intensity neasurenents be made along a-straight line intersecting
the magnetic body and that the orientation of the magnetic fiegld sensor (s)

Is the same at each 20 - measurenent | ocation.
20 2. Target Direction. Magnetized structures -of 'various di nensions and
onfigurations create magnetic fields having a characteristic emanation
nN tern.  For exanple, a magnetized el ongate structure fbrm Aag a magnetic
yppol e wi.l | have magnetic flux 25 | i nes ‘emanating fromone egd~to the
g . However, if the structursgsigp sufficiently 25 |ong. andsthe-|eo| nt of
observatlon S noved proxi Nat.e @f}ﬁ(‘ﬁﬂd 1ne magnetic rTera wriT. appear: to
be one enmanating from.an:e pdl es ar. ‘magneti.c.source in the form of
outwardl y, radial Iy di r ect ed f1 uxgt i nésiiextening fremithe: el ongate nmagnetic
structure. The negnetic field chardcteristics can be’ utl 1 zed t.hrough
appr opr jo5 the approximatipn, fosmyla by nagnetic field sensors,” with proper
|nterpret ation of the . 30 npasyagnents and knowl edge of the earth's
field;. to determ ne di rectrl=en—t—e—t—he-rragnet| ¢ body from sone point in
space.. ‘The usual situation conf robhed in directional subsurface drilling is
‘that in whiGhiode I s the magnetic
body t.o cbmededwoﬁ\%ﬁ&%ljem&@&ihg%gﬁfﬁ:nggésﬁtag%%egzﬁéd: by vgtcgie%%gﬂfgt e cogfiguration
cr eat i ngneasui¢ment SIty mus Eﬁ{?ﬁvﬂh tbndlpienqqt’romn space bei ng

locat ed ﬁig'm%?%;de%g gjﬁf aﬁ’ ;f%{ g “he magnetic field
enmanat i nﬁhat éhts’ 406 Al trhaea.eard&ne &) 8y ‘sudpdnd s¥ns! Jo% aed field, as
i | 1Qust r doeediole rwifhi g calle thatl isFingrked! to ‘indichre dis lengthe The &5 e@agmmeus by o= KM r 2.

Utilizi r‘tga%egég petmlt Hiectverpady gendiept sfothenagneticr fieldedfdFttadigonal |y, the 40
carth' s FERETJie doliflobuPlith bRt o @liod bhRlobhublimatiafhact od and expressed
as_t hr eaingké Omagnemio Basdrswill Sicb e dshcaratet 43 \SltHT&gﬂ&Inkd?sg €iked i s of a known
i nl¥nsi ts 'dn psh émpogtant Qf rragtical dimitationa op ysingienerseasdi isghe of the t hree
sensorsﬁ g}‘f‘ﬁfa’ rna}fﬁ?ﬁi@ﬁé”éé%@‘ a&gﬁgﬁ' val ues of the
target’ sntmﬁyt ohurdricd b 3by the orthogonal
' na net i dogy asiothat. thel h&nmnpomntnammM srdcsemort{g isithe same arteac(hl ved using -

ent i BfEHeRE fespticfnal ysi st echni ques-to yiel.d .an indicatiod®of the
'd|rect|on to the target rragneg,&d}ggtyon Referring to Fig. 5, there is-an
i1l ustrat.i Waghétaed 3udires olTB@ﬂaIsl Gimlesioye tand Nébntifirativao Icebarvat € syst em defi ned

by rragnenageets dsn arehmsteaw& béno stéqmeFersemp@ﬁatml e to which the

Theory AR PR TP R 0 "o

Th coort in® ofobséredtio ymtateamt:laﬁ@quﬁ a&cna ma& etic sensors
has its w:mamanaubsoxreehmnamg&dmase s [inearmgnéigsourcain the fofm axi s and t he

adially\d el
ohonted el %f%,@ ,?"gﬁél“ﬁc?twugtﬂ"%h S of e borenol e

- coordi naﬁ@sﬁ&h&tssw 6w agerm‘dhebyarmhmem ttyt dtraglwtto a:hdsensor s has

rotated tC-bOﬂhé‘Om soem mt m copmon orjgin, the
nmaghet i %h?c% %‘%‘: %‘iﬁ:sé} gﬁj"ﬁﬁé ‘"ﬁébfﬁi fate 55 syst em XYZ
doggot GBI gl Hewn &m g aecanat et h thg X, Y and
Z' ax es obsdr aumeepsmt @& spacd?bemg located at a dxstant pomt far away from the - 1 ,585, 479

9 the eticn) ti oy Will g netlcfleld(l.

earth a :E,\ﬂm Eﬁ?}%ﬁ H} tv;l,t an m e"s' ,ﬂv o nt ensitites of

t hegot ar gsah tid\i él anhﬁhé afget‘sfmh ¢an badetp@éd gnd eﬂih&sdlaagii'&m of 4oig. 5 will

- al so serommpars:na Sﬁe@tthfreadha lcﬁﬁldhofhbnq“efi-ewem ddde@io nat i ons [erT]

i ndicatiigo %&; arlggg'ggtmg@gfg“%éf{é@%bg m&@ggg P It butable to the
target I"G% gts,(ho onal magnetic sens eﬂﬁ@i’lﬁésl &nS&nSOI’ s still &

sigmeifi oasmlvedusiﬂmnen mmecdoeanaéyslgechmhtow antitiliqation of theo congsri buti on by

t he .t ar glitec f8et mpgoetc d co ues, the earth's
magnetl %ﬁ%‘l ﬂ%&&%& ere is' ﬁﬁérh ngdlﬁ%amo?aéﬁaﬁ ef1C 3%2¥an\aé§]15{§t em can be

~ determ n@t HcH the tirRaryl: dSp proazh \mgadgéamhembe it is so 10
sl isght mph«d b‘betcefgandedmawﬂm @F d’f‘ih? Nl Gy tr¥ated as a

* Const antiiaad by Unieaneyferenend o g lsﬁ@g@%ﬁ f'ﬁaﬁe Weh the
advance 13 ﬁﬁ kﬁE RHSIE) Ithe ¢ t he measured

. earth's cfrthagdmbmnmﬁemmrs:ws romtediabbutztbe Kdails;(amitvvtltée ba)'irula field conmponent s
beis&g deQOéttElt rigip, the, magns! fistspser cqopdinate,fysteia 204 the sustars coopinateo npon®nt s due to

the tar ¥ty menﬁ‘@éts%s sspobiated RO Y N s wi e

15 Know ng conponents o? ahe target field, the location of the target

W th



respect to the origin of the [err] coordinate systeml can be determ ned.,
As conplete description of the conponents of the earth's magnetic
field,[err] in the axial and radial directions can' be calculated for ."any

dept h' l ocati on of the 20 magneti c sensors in the subsurface borehole.

In order to fornmulate 'this description 20 know edge' s required of the

total field intensity, [erfr] and the dip angle, , of the earth's nmagnetic _
field at the specific 1ocation on the earth where the borehole is to.be k@

drilled. Th€sotal field intensity and dip angle ‘can be obtained fromthe
U S. Navy drographl Cs O‘flce 25 d4p0l S Al so necessary to know tshe
angle of incli ' ek L

magnetic north, at theenag _ﬁﬂmﬁalﬂ i} tthSO"@H‘m?m efrt tal GIPE"FH figldfie hi s
rormiion 15 ohu ST g T @z@s&%ﬁ gl

with the subsurfaced, ag.upt émer} amatmv dycatifg relative
det ermi nati on Bf bom tneﬁdd cerepdnents atlmbmw tatthtotar&et rwerr bq’(b'al referred S

to as 30+  incti n With the (mag) H!§°'élé‘ “lﬁé’a“t AR sur vey
(o o 300 e g N e e el R ey
record a series of inadah ®8 daieaﬁnuédemmb&he:wmelfatdedbemﬁavh atdnainemt deqstsbr on

one trip intel@nd o @hmtqmeegatﬂeémm@gmfﬁpm Slt}'tffatquﬁso tranrr és -10

Saahi CEE IR

the X', Y, Z coor dleadfgomyxihe conpdnents damtobhae ergerefiddn tbtth, FYé. Eqwﬂmﬂqs

35 [err] The rlrsedr CEYé'vaaI ue -of . t he:

coordinace 40 syspilininidiof S s i Wb B bty th
magnetic sensors. soAcoin e devetist o @Nhe | m;mne EofIhedrth’s § gﬂé ﬁmﬂ;aﬁ
used to i ndi cate t hthey; E!;em:@d@f claylate d fq'oanvrdlemhtl E"en ?fh'éeabov

cquat ons. asslie | pAUCLoETERE K b g e
dip an9|e is 37.6 degh 5 ﬁ&%tlﬁ% iR 1 ﬁ&non lelsto
direction is 33.5 dag dﬂw 'almdtotalnﬁelbome:htn& end dmahgleneetnluambtamma&oﬁn tegkes.

Fromthe 45 aﬁove é‘q H pgsaphigs Qfficec ent

e Toret 2o Qi e B e P saa' "8

ganmas, and the conpeeksk, zrhi@ng:fdrheu& i Xdbbaihed PEI ndﬁheﬁ d. the
val ues, they may bemesuwingetd withithe subsyréae imagnetic am;m% "’ts tusr @Itcmh@vely.

mat hemat it exgy ess{ i mion. o ar "°“"" EE."“J%“% S Ehd Ys‘fé‘%é@&imégﬁ
yi el dsd of : photochno’met 121'31 1) BB nstrayferits r rie VidlloRg Wi taﬁ
reference:to the d| agasaramehts Fo latExi witlrtheird arEcaE erdp mtofandabld of the borehdle;

conponent® [err].. ‘g}i' it posgjple 'Ff mentb_ prise@ng dj oralqum h.
CorToctton antke | il Visrr:g;fa: Bidea e "r;rrﬁrs b‘é‘ L
determ ned. Assum ng no rot ation o “coor di nat'e axi ys em about t he 2
axis, the azinuth corrHéHH}rcoaﬂglh@ [err] .can be determned as: . err]

| O 1,585 479 [err] - Th vation correctio angle [err] can be

determ ned as:. [err] g %q‘e’lgﬁsmro i cr?ggfco %e X ,Y', Z' coordinate axis
system occurs, there \NHLEH}dsxmﬁ cosE—c,heo%giesma] H.' o hovvever the.val-ues of

[err] wi.ll be affected.’ The .ve tor ,am of Fi t es Ihe
fol I owi ng cal cyj.ati g mﬁﬁéﬁp’i ﬁg‘k g’ oY E&gﬁ;@fﬁﬁ OorfiaEnt 40
val ues, [err] The ceaévidtioh: &ﬁ‘&dl&é&vﬂﬁﬁ ahlbetu @t&ﬂiﬂ%ﬁdsﬁi&&ofﬁor t
azi mJth correction: a!a eeal[ - and,. the el evatron correct I'on

[err]. In, the di agr %Fg'tgf&gﬁ ﬁﬁguat'g%g ? %%3 %stf;ﬁg t‘;l'g 16 T
rotation of . thg 10413&% A5t beardihs B0 er% R Toh g mnm ngs
with the expressi ona ooe e ualr5ns, with }Eﬁd‘{.st mfth’eﬂeldo component along the x' axis is -

15 [err] 1romvr/mch 3 !fai h FPé‘"‘gh ﬂl@rﬁht
Further, it Can be f&é\%ﬁdf ntaobl r?&.hl g Sgl'ﬁ mathér:at‘:z uzxpre:zlon .—b—

—HT Substituting the above values ylelds the earth’s field of . 50
43, 168 gammas ‘a$ it should. o
' Continuing with reference to the dlagram of Flg 5, from’ the’ magnetlc fxeld '
intensity ‘component H,',"H," ‘anid “H,’ measured: by the orthogonal magnetic =
sensors, the azimuth* correctlon angle 9, and_the elevatlon -angle o, can be
55 determined. Assummg fio rotation of the’ coordmate axis system : about the Z' axis, 'S5
the azlmuth correctlon angle 0 can be’ determmed ag; - .
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The resultant, R in the vector diagramof Fig. 5 should not be confused

with the range, r, determned in accordance with the rangi ng techni que

previ ously described. The ,resultant, R relates' only to the

drrectronalrty of the detected nangnetic -target, and its magnitude is

nerely indicative of te total target field. 25 . strength. The val ue of
~the' field can be cal cul ated according to: ' ’ 25 [err] The

i;ZQOfegorng di scussion of target direction det ermi nation has been with
)

espect to the detection of static magnetic fields; however, an al tiernative

ppiooach may be used if a ti rrelsggaw ng magnetic fi eI d can be et "E-p about
the target. I'n order 30 - - s&t, Up a-Trme varyr ToTrEgetTe i el d, a wel |
casing or.the- Irke i's excbt_e,g \AII h an"30 A C.~current. The field resultrng
‘fromthis. type of excrtatron wulu it di agrarred -appear. -as. a series of
.concentrjrc rrng? enanting fr m-the target source. The circular flux of t he
fietd wied 1t EQTEegtipn; a7els og GABE-dstermined 2 he f ami 14-ar.- ri-ght-hand rul e’
~The intensity of field produced W Iy fail l-off at ‘arate inversely

- proportional.; t.0, the 35 - tt“‘et’r:st-arrcwe—tromthe sour ce, i.e. H=KI ,

35 An A C- rragnetr G .fi eId sensor "havrﬂqg ‘a sensitivity. response that s a
maxi mum al” ong one-axi s, when® al i gneﬂ.wth t-he-field and a nul | al ong-

anot her axi's per pendl cul ar. deettd’IE—H@ae—me sensr t| Vi ty axr s, when aligned
with the field,: A1, HREH? .1, 585, 479

I'l.5sui tab'l?r&t&ndﬂe&%xtl?ei"c@a E& be ysed to

i ndi-cat ecldgecint H I‘hdwevetr,hﬁe bﬂﬁ@%?mg%ﬁkﬂggy %%ggb%% :&%ﬂﬁgleﬁv%%ﬁ%gng frel d

descri beé‘a \@ l&a“ﬂﬁ‘)@ﬂ#ﬁ_ heifi mgvuals:bﬁtldzm Vdnnhenromt curtebted he first axis

def.ined 44 oot h_,:l]r m a;ﬁ?g"aﬂ “#efiméh?r nes, and a

i 80 UM Ve 4 cbctifae Nl tﬁgdhégeﬁ%ﬁ t%e tlae nul | axis
t angent i edordmatQ s systemume thie umgradendrbeﬁmﬁm ‘with the ek magnetic' sensor
in-the tine-varyi'ng magnetic field-set .up around. the: target casi ng,
direction:'to the target can bg.deterni hed by’ changi’ ng the'. orientation of
~the.sensor until a null rHgp +H, obina; red: Knowi ‘g ‘t'hat -a null. response
“w I'l’ occur.enl. y when the maxrcmjm ‘Sensi tivity,, caxi's. is 10. per pendi cul ar

to.the cigebar fllegﬁttéth{;es emanat i ng-f rom the . target sources, the 10

direction to tF e target: Wi |-l “bethat: direction in ahich the maxi num -

sensitivity axis'is pointingH/The ti ményaryi ng’.negheti.c. fiel ds. pr oduted by
. alternating electric curr%n’ts—-rnrébted—rnto t'he tar.get: well casi ng can be

utilized in the-sane: manner- W¥Gescri f88 15 - - above: and will have-

ad#® t i onand shishlified &ges.. of synchr onous det ection and the’ "&limggation’ of

the. effects of ‘the Earth s magn tic.field, thereby increasing.the

preci sion of the survey. R\@YFI‘&B S ARATUS. Surveyr ng apparatus' in

accor dangém waich it cahhe. shwm@mte CoY&RdivaRe if Or 20 - ‘i'pl ementi ng the

above theory and techniques for determnning the range and . 20 possibly

also direction:froma- bor"ermﬁect’br"a*&wmterranean t-ar get conveni ently .

I ncludespieh ltséihfb@qgadﬂ*]gpp?é{:%wéﬁtce i-nst rument s:+ The subsurface i nstrunent

conpri ses approprrate electric or magnetic field sensors e.g.

maddensorsensors and.assdbi ﬁﬂeﬁndpeﬂaposnrg ci. rcurtry whi ch prowgde. a 25

hi ghl y Sensfhte'r%ﬁlg“gi?'qp%ﬁg@&%rd‘f E?lqu? OfS sﬁi% rLott bgcci)n sn magnetr ¢ fields,

the * 25 the s Sr, Feiehfinadd ﬂr&%ﬂd v)ithadh rangi ng
t echni qtd;sai$s¢rleeld$ultaﬂloRe rélatedenly a0 rtheedirero naht tBeu awtédace i nstrunent

pr g&.er abjpgen fgéblr?gﬁ' ityfle s % ?fstht totdtapetefieliot er ni nati on of
g thggdr rec'?ég?% 3&&'@?? %55 gf’ é!‘§é?| bed - above, e. 925t hree
magnetic. field sensorsnatafgang ' @m'eaw:e ‘30 three mJt ual Iy .
per pendi cul netrc fiel'd, Go onents L " 30 The
sur f-ace jny tfgg%i j‘?ﬁ'ﬁ @ﬂ.ﬁng 'Ef‘ ve?% h‘te“ri‘tl sssary: for
mani pul AEBgs - Stbeatingut %ﬁ.%t .;fﬁm& field sensing

-app@r at LtssetArprartmg%mryaiglmg c(ﬁnldaa well ¢uivig hethpmcevik tled withd ch t3pe
condi ti ohEd he field e [ ’Flc_;;tm Ndbefs@mameﬁhe data i's

pr ocess iy Et;ﬁ ﬂ%ﬂf 6 “ “f%iiﬁ aﬁi'c‘ﬁ with

e.é 3%4%‘?.‘ @‘r ams that
' manl pul arte ihteritylof feld ro EE WAIERRIB off 1d)Fate inde rtlonal triil rection in

oprrdaatmcea'sesthe sayraehie. JfeMb} er m ned subsurface target. Pemgpher al

equi pme aggetic ff P"t?éh a ifuBut of the -
processeéff'e'ﬁ[ia&réw"‘ Sﬁr‘i’fd‘& e S‘Yg%etwhgﬁ%.me frerd intensity

i nforration being supplied




40 fromthe subsurface instrunent primarily carry out the cal cul ations

for target 40 range and possibly also target direction. determ nation.
However, additional prograns can be provided if desired to apply correction
factors to the data belng obt ai ned to pr.ovi-de greater accuracy. Though
optional, the surface instrunent may further conprise a strip chart 45
recorder and various meters for displayat btied frmth subsurface.

instrument. . Subsurface Field Sensing Apparatus. a. General In preferred é%{)

enbodi ment.g, xt he subsurface instrunment is designed to detect 50 ~ both
quasi -stat™ a g tinme-varying fields and t,o_;slg)@,gcapabl e of determ ning’ b@;

the range and 5] 75 et usT T v dE 3
capabi l i ty, th;I : nglu't mei&f@hgﬁe" f‘é ) Vé VN dgeE. op:
! estatic

magnetic field. sen%mg beeteated withl tl&rl‘iré\ is dbsed“r&ielﬂadsa/r@é:ﬂmr
magnetic fiel di ar eCII@lﬂRGwdweencw inimusi Wlﬂébb detncapd with ke spaesiricetedwile of
operation, the> nst xig tangontialdg the circu

d sensin mis$S
utilized.* However wheh ermﬁ \gé l‘h&g Qasﬁﬁi ng‘%%g AN “l:lét 9m8-€\;arym§dm e§{§etl>§
time-varying fiel dsc}ﬁhﬁﬂi thebﬁc ,sel'is Curfil & nuli tesp dilseSIEBBthiﬁ ms&mm of

the instrument,can la % ] when &edmwmg%g E‘Weﬂms |
det er ni ning bdPh ra gﬂw‘t @m%‘&’%ﬁpﬁg Ifshree 0
mut ual Iy perpendi cu g’lﬁu magnet '.- sensars” i ng an
[err]' coordinate s stﬂm nﬂfdﬂea@(hg l&tlcrﬁgdeptodr;;;éwwernm dldrca'lcYéunams

magnetic sensqi eac J°°E’6 ?F‘;Z'% 5 efwé‘l% etlc :
t Tﬁ géni%e%?%%lg?ft)h nc asmg the ' 15

sensor. conprises t
predet er m ned di stapﬁensloﬂ'hemel&ﬁdoqgona n&ghetorreters are used

to 12 - - 1585 479d ermnethe di.rection.of .t he

subsurface target fro n e ' :
megnetic fiel gginte %&&2@}}@@%@% %& tedkRE] fb.cdéte lé“ %@én@wﬁ neaat r omyg
t he subsurface t ar gpessiblytalsa nmtmfrorhlaebdeholet e:nsrsub}ermeqnonatgnt sonaememllylose
that 'are neasured HrC¥ E‘esu d subsyrfgoe.instnu he, caor di. nate

GeT ned. by e br hpgaith e R e o f"rz%fzr e o
5 magnetic sergsors, hi‘giil? sauﬁibaﬁﬁgndﬁin&t@rcem&s scu. ate 25
the direction of ths,endet bmaezt»p lvfaa@egeﬂao @etmibth erwsmb\lcqhglqnhéesmdetlc

t t
field cofmponent s’ Fmap £|§1 rim natlo %?'T“Ep tion o a sub erranean
separ at ed’ magnet oNeagice as & beaaeo ﬁ@’ ﬁ'\&%“‘ sorS kirameb@ 1d Medsate! ¥

out' the "rarding' tht& mutuallyaxel'mn euiarpnmetm Q/caihpmwmbed herein to 30
det erni ne< t he di st ance Ther SyFfpqcria 599 %g;mmmnstgql gat 'GEQS@G! fog
subsurface magneti CA gﬁltm le calculator may be i _' ; Eﬂ?g '}Z%t em
conprises two typesand solBqRfith:. prétRssedNTRY data seaagﬁeh ith€nsor

and the ot her 3ensoprefieierayined| programs. thif eahnipldanshrr lata k) caleudase ranse,umd ashe A 65

field sensing syste fEew) Fiafe pRses; $°ér' Preé‘?‘f"ﬁ'é’redﬂ'&g dlegipherglc 15
nust be set up ar ougq;tr%%\eonta gst %\re@?e Pipee and pAtRY, gsgﬁtprc?%etsﬁgdl c
protecti on 15 type pO’W&rpr uylhaﬂtttambeaﬂsdru_aﬁémmtmtylmfbaﬁanagbhegsngpliéaed as

a target 'is Mi tabffem ﬂl‘h "Fst!t'm rilyecanmy daut ther ppyfon i

gr oundi ng_connect | ofpeex gt dds iy r;rnmé‘" B ance
fromthe target CaSbb’tgnecEﬂéQirﬁ\ﬁdelF?éht&facE &yl ar get  casing current TTow ng
al ong the casing produbheyghyoptipnal, the smfacemsaummgmtfurdlefp pilsaa@lmpd:hadne axi s
of the target Rell fﬁﬁ%ﬂdmn‘fﬁé“%s @eteﬁ’afﬁh%‘fﬂlﬁ"“gébf atapjaingd izan the sybsilaceised 4%
detect the A C. conponent of this field and determ ne di rectional i ty to the
target. If it proves to be d| ff|bshbsutfaed§éldisénshb/\@dﬁqmate current flow

through the target ca 1 '6 ia at: ctary netlc as when
excessi ve, cur rggnt Ig& %sf;{ ag" ;‘:},gf é‘ﬁ% 1A detﬁng%f §S ma{?
be utilized 25 rahge ﬂeﬁ&edi‘bhe:t xrhlwu elgsra' pﬂm‘deﬁﬁhc

coponent of the excin@ta{meghmcglges n ,plplerspnsors to provnde a D.C.. magn¢tic ﬁ@d;harsm al

Configuration Refer§ {ftf%ar‘} é@“rm in sid sef?ﬁs?' gfe'éﬁg?gﬁo aj“s‘“ ﬁﬁglﬁg:{% ‘B b° .
Cross-sectionds Vi eilagh HORAA STHBiR syIRp ﬁﬁiﬁ'éhd? 55
apparatus ref erred modeaasw}appmearhnymgﬁaas @Oto be detleavd ltlgzm.cgmmieﬁdx gyéys;em '

cylindrical and el o?fg‘h; 56, ‘:The. body": - PrLL pn of fhe
apparat s com | seaugr it zrrg"se el Berial,
QSE doBfifhate e

preferably 'st#ainl efdd. s& ii@xaﬂaseﬁnh etiend agg

connect or- housi ng 1®6s0a'and tﬂlbié” AN amctrccspnsot\kaSbcwnpme 4 Gidgle meénst;beetea.rthadapt or

108 havi ng t hr eads Z’-axis magnetic sensor comprises two D.C, magnetometers.that are spaced apart'a
predetermmed dlstance "The orthogonal set of D.C.. magnetOmeters are used to..

—m"”ﬁ




110 thereon. which provide a 'eans of attaching' nose-cone 104 to housing
102 35 Encl osed -within the flberglass nonconductlve nose cone 104 are
N  rg-C. i ckup
coil 114.Both the coil 114 for the A C nagnetlc field sesor'and the
el ectrodes for the AC. 'potential detector are' potted into nose cone 104.
Wring fromecoil 114 and el ectrodes 112 is also potted.up through the nose
cone 104 and cennected to a term nal stnip'(not shomn) at tHe rear 40

of ‘the nose cone. "

i o1y ng 102 are t he eIectronlcs for' N

5 TR BV Y ETLT- ; Lo piint-ed GGt talnlng t he
dl ect rordptssmfl@the ﬂh@tlvmoﬂtmbwrfeﬁtedalsarf es!lbwrf@mnmume fied on a frame

116 co re% teasity ; Gompe “f57°ft diibstantial |y the
Centire I?eaam gﬁ"aﬁgﬁg "“{.‘ a%éiﬁaé‘* %EA o the o5 ﬁﬁ% #m116 further
conyr i sesfiedfbyotht dwhbgdnd it . bﬂ&agmic 'sénsare.NWitt tthis mgamlehhﬂad %5 120
bet ween Mg8ngtis %eﬂ ‘i;l‘? E‘%%; Peeeseﬂeanstrmnsrérw scalpule rating bul kheads

al | refit ‘Pﬁgg% 5 ﬁ-ﬁrg"m M.k '%leo g“ﬁ}, <stringers
i Nt er B Ghaphdorhier thae AEkSalignddca [16vig" tHE FE N i aﬁ' Sut@ eec.taﬁgmy»cs wi thin outer
hol&i ng t@@@mkﬂs’rw@ﬂy akstglbﬁi) herein sferds@rmlﬁ@the |d§fae¢er étdmt tlleas t h@ Zaxi s

sensor é&‘Ri %‘}% dﬂr;;@%p%grat pBirsset @%}%ﬂ p“san |sposed at the
T Cns

front ofmagmic ens or ScRsoh B £bid as the
[ err] - axiseéths A dield seﬁsn mpms eﬁmdﬁamg mld,tditaercmngnarctoo ele&:trjt khead 120. A
pr it ed neistrlzgwettup 8 2et el amlefdlyeq hig

on bet ween t he

Jfrz"tta#b%ﬁ!cmg:? "Z' -4%i's sensor
%{daﬁn@ predet erm ned .and

128 car H‘§§;°rm§“ Xg&a& Q‘E‘ﬁe‘]‘"ﬁ an”lys'ﬂ E

[err]- Rbcond 9B isi € rsdan@mcﬁn #R
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q1arest w aet%s di2d d at
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e<a sAidfagtoganaattic hd’lﬁhe\{ -axi s sensor
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. ﬁlp’ nd RESEH ﬂ}b&i?“écﬁ ﬁfﬂﬁ“f%"?}ht ek ?m9°@§’ﬁl°59'8fm‘ta 0: ci Puit board
137 Sli g-ﬂy further - back:-‘and --adj: acent” to-the [rerr] . axis sensor -

el ectronicé. M;cltah@al\@nt'maionr ef'8rence” serrsor '138.""The ‘pechani cal .
‘posi tionin lm m o a a.c ;égrsal.glffes‘sa;a u‘: E@f”?ﬁ;\%&‘gﬂ%&gm th respect to
t h%OOUt %vn : %Bn ggﬂﬁ o% rﬁﬁ Ii:hesensgf)s Pr oper
| , 585, Zhﬁﬁhratus com nses ER tubular ‘outer” housing 102 of non-mak&tﬂ:Smatena_l :

13 arra s efsfﬁéeehé%@rasﬂq}iﬂ ne B4 at the gt g Saten

the [ er o He, eéf i drovidela AlE l{%} Sthing nie d )

[ erss] - aXgntlosedwitHin 1heok '-fgn@m u&' ' s% Qo tmouraaiectﬁerﬁemrl i ngsaxis of the
out er hmndaemglzma an'Bh@ ‘raggaeticdi éHnBPtﬂlltth Higfortise X -axi s sensor

134 and A-feMmagnetis %p}‘d'i‘s 1’ AC potentia %gﬁcg;é@endl cular to the
longi t ucfh %imtiféiﬁfse@cfoje lﬂﬁanlél)g r;:::a d fo'd%er electro esil&l?own adion, .~ 5 the axis
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rle gctively. 10 A. resistor 222 connects between coupllng capaci tor

2 nd ground 10 As wi |l be readily appreciated, transi stor
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netiC flux, whose
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to be a ¢1F& 52 gnd th P@r‘ﬁa “(fe“ “. "hef spikes .. During
50 met e Lewfl o o LN Chpeminl i °° ke
r8si NY i§ GRdUBEdRInY thivisi tt eheifakt: mataotmfhalodssaaigaoof fl8x are zero
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. o - "~
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conprised of r eS| st eampB26nd hddlmmt férzmeawglatwa-paus portio 2 theT jseatsornextpwdr k

25
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in permeability of gxgndsgetacenarietle reaiptoriodnpd @"P@a't?é? efirerschecondary indiog) y

Servo-driver 350.is &% o 1¥r w@gmml Anf.ﬂhﬁsr3@1ﬁﬁuaﬁmtre%pme%a%kaeennmed :

oper ational 4555 baweénl EQE rouopumgacaamé collegtopof tramsptor 35€6nd the - 55
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362. ~ The Darlingt off iy b&,ﬁtgg REPLR %’aﬂﬁ Eﬁg dﬁﬁ‘%ﬁ& ook g

l nput resistance wi égédﬁa istof B Rohrectis FwaeEn e fnput of Joi%ﬁ‘ back
"path line 36060:onnampl§“1er 882 atnldehq juriction ®f résistorsrizQ] ar mlsevesamkdatehtthmnpm 60

transistor 354" and"tll?Féa“c {? &5 eey. ”@ﬁ inger g&?@‘%{eﬁmﬁﬁﬂ‘ A sl@é!éf ﬁ&l&hel %? |

i ncl udes a ' 50 ERYTE 432 %ﬂ"ﬁ‘ﬁﬁ’m lliglst é) ﬁ%‘f’ il ter
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to ground. The6¥ eedhlalckori ¢frralssc89370antiémi§> st hisgpievelat tabbeint eS| st of 368 amsl
terminal 252 of core secondary wi nding 262. The gain for operatlonal
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servo-driver output |ead at the collector of transistor 354 and the 55
inverting input of operational anplifiers 352. Specifically, the gainis
determ ned by’




resistors 370 and 372 with capacitor 374 being used to renove high
frequency spikes preventrng their anplrfrcatron and- subsequent

|nvert|ng I nput of operational 60 ' anpllfler 352 and'the'Junctron : of
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suf3i ci ecnieralﬁamﬂanipaﬂef 4340 aid a8 Siivettinglimptt| gmaih &Hwaclt ik bl e t#at connects
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of operational-amplifier 482, which network determ nes the center frequency
and 50 the band width of the filter. The frequency determning network
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negative voltage i nf‘%\lf“t’sfne@rr 2hi vhig 4'°ts‘;VAHbslg i co?r eufput mlrta%z#dm%t ot Jhbet Ween
the opposite side o ot i)%l@&?‘ C%}l tjeg e non-iny ef %% ﬁﬁ%rﬂ% %ﬁ
terninal on -cidcui t Axdacitdy 6eauﬁasyet®9mm9&eci ﬁéy&a edshtidaTter: heS .35
provi ded between t hiavesting isput teiminal of emtparatatl cipenitci06CThet inGGtingnimplutt taeminal '

frequency conpensat ed to thad vol 4354 gesgtivesyaltages tesminglad.
bet ween t he current Eﬁu&%ﬁﬁiﬁrw e awaj' %1 tegReEye e thenieulaled
circuit 504. ™e re uIMdﬂdmpidﬂbhmaﬁen vmicéraggpﬁmtvpuﬁd negattvaka&gafegﬁlb@rs]oﬂmtI a0
of resistors 514 ang %8 3 %%ma b pltaife %#M@Gfeﬂceltotb'ebm éﬂteﬂ

20 Referring now tog f ngﬁgf’?'ﬁ/ B 8“?°86'tff‘5t%?'°ﬂm¥ﬁgﬁs‘ Ahrgighl age
input to i ntegrated circuit 506 is the regul ated positive vol tage avai | able
fromthe positive voltage regul ator ci rcﬂﬁ&ﬁsyus‘fhe unr egul at ed negative _
vol tage being gupplied to term nal 50 yface power supply is -
further appli eﬁ to a Dar Igeglg{,,gn 25 3”1&'8{%{7?‘&(%8 rcwt conprised of “
transi stors 522 and 524, both—PNP transi stors, = 25 specifically, the
negative voltage is applie 4t 0 the cBI¥ ectors of “the devices..A resistor
526 is placed between the i ned coldgctors of the- tranS|stors and t he base-
| ead of transistor 522. Th@2base of gmansi stor 522 is connected to the -
integrated circuit 506, antP8the eni tt0K |ead of transistor 524 is connected
through resistor 528 30 : . .to.the negative voltage termnal on circuit .
506. In addition, the entdph&orsOf transistor 30 524 connects.to a resistor -
networ k conpri sed .of reststors of 530 532 and potentioneter 534, which -
net wor k provi des out put vol%’age adj udtiddnt . The resistor net wor k,
specifically resistor 532, |s connect®dt o ground, and the wiper. of
potentioneter 534 is connected to the mon-i'nverting input. of integrated
circuit 506. 35 A capapilfleor 536 connects bet Ween t he- frequency 85

conpensation terninal and fhe g fo verting i éserm nﬁg
integrated circuit 5086. The |nvert| put term T'°'1a 1T connect ed

to the reference voltage and negative voI tage termnals of circuit 506

t hrough resistors 538 and 540 respectively. The regul ated negative voltage
is available at term nal 542. 40 Addi tional information concerning
positive and negative voltage regulators of 40




the type described above may be obtai ned by reference to the Linear
Integrated Circuits Data book of National Sem conductor, particularly pages
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Circuit (180) 45 Resistors 184 © 4.7K 186 470
1 _ 4. 7K 50 ' 192 ) - 4. 7K
8 o 10K Capacitors 190 [err] 194 [err] 55
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318 - ' 1352rr] LSk I "
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84
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. 50 " ' g(s)g ~ National Semiconductor - 50
3 S m .
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354,356 MD6100 | v
410,412 MD6100 e o i



324 .1 [err] 366 .1 [err] 374 .Ol[err] 45

428 2.0 [err] 45 430

.1 ufd 432 ’)’)[ nrr] A3A4 _ ')')[ nrr'lr Arwr)l fiers 50

204 Nat'i onal Semi conduct or 50 352
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55 354,356 MD61.00 410, 412 NCBlOO 21 e

1,585, 479 - . 21 A C Fleld SenS|ng Syst em
Resi stors 486 21° 68K 460 LSSKTS 466 21
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478 1. 0K 484 68K 488 - EOK 10
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458 . 1200pf * 460 1.0K . o N .
15 464 =~ 5 2.0 [err] 46674 100K 1200pf. 480 2.0 [err] 486
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474 J1200pf
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536 100pf Linear Crcuits 504 LM723 Nat i onal

Sem conduct or 45 506 LM723
- 45 290 1,585 _479 :
22 Transi stors 508 2N3054 Mbtorola -: 522
‘MPS6523 524 2N3740 5 Referrlng to Fig. 18, there is

erence sensor 138. The vertical reference . sensor has primary

portance in providing information as to-the orientation of -the tqgol

haugd ng 102 with respect to a uiS#I%al plane. Having informt2on ¥Ohcerning
the rot atlona-i-rag,ﬁgt&m ation. of the toql 100 will permt increased accuracy
in determining—30—— the direction to a target magnetic ‘body fromthe
downhol e tool . 308 2N3° The device i Moggelpated in Fig. 18 is a
nercury pot entléﬁster serg{%i ich is in esse’nce a fransducer t hat .

provi des a neasurenent of e angl e of rotatidn of. the tool housing about

t he Iong|tud| nal axis of the hou5| ng 102.: The deV|ce IS deS| gned to permt

I ustrated one suitable device 550 that nmay be . 5 used for the vertical

- t heSmeasur SRElefingfo ¥ig, |igpillpst P8 pyi % incPination. 15
The techﬂllmornhll&rﬁg caf {Téeég?gle sqﬂ sol‘ e Vrgcq ietgiﬂﬁ.‘e sensorﬁo 552 d[ Sposed for

15 unr eshausiag ¢0P wich/ espeot tolmvealcai lml Havmg"mfmrmmoalcbncemingabe 534.- Theé nercury
du tqﬂenqlheeritwop Betheemb 'P'ym?, j %aqyp lgdﬁ%evlemaz ong V@he race
sedk ng ﬁg&é&nmﬁa‘?ﬁ MR ich 3 Sti Ve el enent 534

on one: ses@lﬁcam fsaiMen €ab prvi aahéavs elﬁ ibﬁfh%@ﬁglébﬂ@taﬁ ofdfe t he ot her side.
| N essenwel housieg abentche lpngltsldmcltamgf the héusing 202. The desigeris designedr  as the Wi per of

t ent he e T glgtl pectlve of the borehal cl Neer ¢ r ball is
colSt £ ot T T ?3'@&:3: AL e ol bol 35 by oken”up
y shocktoathel influ oatdf@mvlty'[hﬂll Rslays m6vesalmr ahlen sewktn tla: lbwest fri cti-on nmateri al
provi pn ﬁ;ﬁ'ﬁ??%’ ballrconta Wleth/e etnleﬂt5 ﬂ@dtclqetaﬂ ge novenent of the
al

| balzjo tozgﬁh Sgiml u}:f% %ess ?5 Y FaCESHERt shpul d have a

| near The YeRéur@bdllQ cdnEtrdi hwiith ﬁﬁﬁ@:a lﬁlaﬂier io lkeePilt bilErdneNgt h to provide a
I i near rlaaminelenmwby stiokleand)ibrativini The BB stegunded withag vel‘iCIth'addl ti‘on, the

| r esistan g? owes! §@?Pt n tne r;?ghlﬁhgzsxst Vellnipg:ie% ﬁi‘s?igwave inear h I he mercur y

:S

baldS in staﬂcﬁ:ﬁa&f i Hﬁr@l F@ﬂﬁseo nenbodisnent
lustr aé:&lﬂe |360 Idegree . Téhge.nhi cmr raimhachﬁtehhlaﬁsedeﬁusneef our 30

quad_r ant hYSlsallyICPmpaa!hG Wlﬁbthesp@'eqri b@'an prder thatig ga9d ghinic applactgr potential ’
appl i ed PO"RMe 30 1 pSiialdn thib TRl Bk bR RLOIHPEIREAPS| L1 ON. A
0.

negmt i vequaatanROE 111 RAd mtsp ificafy, @adxtﬁ lkdge borentiabS apglicd & the €NMEN30: 534 at
180- degr esistpe sel¢menh at almdzeao- egwnpbs nehtneaatwc sromlpoeedtlal(JSt wo | ocati-ons
al ong thepnl ﬁogbq sgaistiye 52 ; gm ) e;t'grgqﬁ%&d pepotepiitl and at t he
270- degr &%;25 os1t10n e res PsR P 5 PPhe" out put vol tage
fragsa col eE'i;QISAS&i:Ia&bfﬂxe utp@ttvbmdge&f)mfah&lleC%SM£ s:mhguobafdhe posi 3§ on al ong
the racememrnﬁabpmmam thee ﬁ?@;‘%&é -ddsWalpoﬁlt vﬁh@rl%‘”ltelfﬂatha ppar at us

dell €h

{ﬁge:rgnc%é%‘gﬁ%%‘ﬁ &up le jﬁ‘gﬁe g@@gga{fhﬁj}g@appar atus is up,

éaain ta0t1350 Ia nsequently,
| i t40l e omndherefokd, dyoolthzep nthelcblleber s ldad HEdevdil bemeae@npctsnere cont#kt 558 and
" the nerc tal As ghe Ht"élf‘%k t@?“é’;‘“:?ﬁ%:ﬁwg’%g@;?@’yfﬁ'é col | ector out put
| ead. 560 rﬁﬁ&g{ R ko5 Aohrdit Ly, aokent i al . As the
housi ng D@H@'&&Spoﬁﬁhmhe&lﬁ e t&gé:en,ll bk Beo ﬁﬂfsﬂﬂfdyatbﬂbﬂthél\hgukmmve along the race

4fuadr eentinped ths)usltoumv £ull 360 degnges, they e‘rt ‘resppnse Wil l! eh%‘tsser veth at

lcol l'ect oy Eg ég’t;s ﬁg@h‘w 2 by ;?'{,fh ohEdital M finally, 'at t he
t

- 90- degr egesisanidelak @Rurct? &u&tsx éswyewm Qedetia tHaQ HeSwo | f rotation of

- -the hous lcmgadtsbezmsplaced mﬁtcxenubsﬂartcha hatke méreurf bhll-cagp@ssbrgr ees, t he, out put
res??onset tWPC‘Ut'ia §8°'§‘P|8 ut sherfin :teéérl:ﬁfﬁ‘exa g‘“s °@*é‘|‘°c‘?gé%'g sendor may use
only- t wo yRiHEs Heyd | © Pgeat WMoty ?\7\'5 VoY fage pot entl ar-s need be.attached to

the resi 5t|K€d1ﬁ‘J)rﬁn% roade@i 18, tid hmm&aéntartﬁﬁlatmcaeﬁsmasehwactlon of rotation
i S necesswanld. intludé 2 yroicbmr dispsed dm rty e tdlowt Itolnetaohnoodymmmbs be d| spl aced a

~ suffSi i efe n@{lﬁw eof mu tw"thhes é‘u sepgraphieal hcadian, Ay “the two
contact SYSREY '; o gi,}éh hod the out put

-50 vol t aggre &tn A, mra nﬂ%ﬁh ﬁscffbeb@m:&aﬂthnfmé ha)mgpl e, zero degrees

and 350 dewd bessedAﬂai pendulnalw wed o loptical type deasor mizhtheethe @pston 0ofp L he-
verqq cal advan %ge{ous -For 'example; the suspended ‘mass “‘could have coded .apertures v
through which a light source could pro;ect a beam of light onto a photocell behind :



woul d i nclude a gyroscope disposed in the down hole tool to determne 55
the orientation of the housing vmth respect to a geographl cal headl ng. A
55 gyro benchmark readi ng—w . at- . e e
wi t h subsequent readi ngs t aken thr ough“out the survey reI at ed to the
benchmark to determ ne orientation. Also a:pendulumwhich is free to nove

wi thin the -housing could be.used. If a pendulum were used, an optical type
sensor -m ght be the nost <60 .- advant ageous . For exarrple t he suspended
mass coul d, have coded apertures 60 through which a light source coul d

pr oj ect a“"‘b'earmof light onto a photocel | Wgh#d 23

1,585,479 ' the plate. Photocell output would then .be Z3prefifitatiteabe theProtitnst |

out put woul d then bﬁerrtﬁmheﬁelmttabll ve of the rotati:onal orient atlon of the
tool. A simlar ref eréns;@ll ew&srn @13@' Jgaulsh ‘le’f edtﬂ’ ge

ti sensorE éﬁ%‘gges in
ori entat on ofg app 5 Jegss awd o ﬁ%‘namé Bt S Gona e OF 5
St

perfor m ng 5&@1 ic@Br toQhe A&tiedl r&lcﬂgens 153)-ng i-nclination
wi thin the borehol e Wou 5. placed rpendr cular. to the verti cal

ref erence sensor ]?5§“'fa°2‘“s§‘>w‘f‘ﬁ face
nstrument at i on |5 g .'é‘:zr“"‘“‘m“g:t “%r?irdr t@*"%@"@?&*‘éﬁ B e ng
provi ded:by tie sumttiédta@erder & amrpaum«;;w rnatlmme se osmutrsabserfa@ 10
i nstrunment, in orddeolt ds bent!lé} MeblleSt "teht I?fl ia, g@ne

subsurface 10 tool‘c‘;sr‘rt“g‘eﬁa‘ i i calﬁjﬁt mg Qﬂ %ﬂ "i t hi n
the surface instrunent ﬂ& ailm AMBnSHeLE dé |a&9tl&ﬂ menp) tﬁhla@@ower

Mani pul ation of. t heuﬂﬂtaanmgamarmenldm'an Icglagor mlm&ﬁveexih%mrmbvﬂ 15

recei ving mul tipl eﬁeﬂcmg 3&%‘25‘0"? grin &Eﬁwﬁ@ d'ﬂ?ﬁ‘?'ﬂﬁ@ﬂ?&t‘ﬁ“ﬁﬁadl‘ﬁtll"udes

addi tional equi prent :@. there is; s%‘(')ﬁ albfotk diabtan QfotainibodifieR der's,

and cal cul at or perropherea sur€hRY | ﬁl@ﬁume iof.€ ihp eefcanlvmglsordewr efesha:oautfalcer ncI ude

a printer. foRo suppltl (1) tanomgmlaatsep ¢ ntignat camjuqurm rp Fefn

recorder. or storif 1t:«3qpro %Tl b#ﬁ?al%i&% 1-l'rsél.‘d gﬂ% Y tELQnaI £?lon:t her e
ﬂble 1t PfePresentation. To -

i's, shown a block
i nstrunent ati on. Therfo;rnem t\mqmgn, q)@piratﬂranalaﬁ-totd@tal ®nvefmcelo 012, 614,.6168¢ r unent

conpr i ses a Sé%ar at[éOVl Cel{é frﬂfﬁ 11f'er gdlgltlze it. (?5
606, 608 for _each ‘?{%% qat g%‘:g‘%t t?gs: ed%]tﬂi‘ @"’%ﬁ%‘i‘g/zed in
a digital progra gedeabeuoa @tfalcu fatesi20 er@maaaﬂtnedptuetmgtta e

anal og f6rm i n_whi ohultiglexei 618gad thearesa mwm@lloelatqrrﬁ% Tae a«tmlrecedEsgr taI

represent at i off? To & oﬁiﬁfﬁh cﬁ%ir tg}}ﬂvgm:?e %ﬁ viC s co nglps% ;‘E f?ﬁff

converter 610, 612,c
each si gnal condltronah acaiittdmtt:tlerdmhdddht rctmﬂeﬁekisensaﬁalai rmpmabdaeon

cal cul at or 62 ea&hsq neofdartsaro f?(‘; Lol ng .

that a digi ta rruI tt ﬂ;@ ;‘lf; “t' {lﬁgéif‘?:é’ dmt g

data. onto-a singl ah l@Spth Ghdl .ﬁlpluﬁtde;adl &1 i'eB %a’ﬁﬁﬁ?oﬁ Dddpm -

provided to |ink-u ftthesubdlrf ¢et t@bl. rrultr pl-exer 618 and- the - ro?r ammable

cal cul ator 622, The i AR gﬁ’q" °€§Qt)d‘rg FQFE%““% ortion of thg §§‘n one,
1Fe

format over a cont rﬁﬂﬁ,‘l’, na ,lony 5 °v ok r,ﬂwhip,% ala
cal cul at or i nput. ccﬂ30r662 $3¢Gh¢buﬁetkmplirmtsam nfgd: rgnarllrehesved:mratsn Liestilgbl s of

a format conpati bl é 'gt‘ h’égaldh 'E)‘éFg PlttF P % 36? m‘t'&?@ﬁﬂ‘%&% Esthe
digitized datgsfro $Je§r to ik gﬁtb? lfie s :@“e
depth at .which eactbnsadm HIE dOgensorsn IR radaiib rDLt e adfethe. lsrgna coadiférmg: ded
35 the, multi plaewéﬁerscm bb@pplreémwr jtal woliomes decbtg ageléctariswita64622;

e ‘t‘%q e atﬂztit@t@fﬂa“ 4

provi des a digital symesbemgaﬁermeﬂm hetdwv hthe etsorsnfedeing bad) . I n

addition to. the di t??lcthron %aaﬁg oBﬁtr]% E?’ f wt @? %econveﬂef or-a -
nstrurent ot on, a@icu LR trsrrt el rr.gwmd The
anal og si.gnal saval | refeteRceddondififor.to e enﬂiaB febdbfyi) ddtectsrobolan®B52Ng 55
anplifier is appli eade?rmcaomawlsdl?a chlpﬁlnmhﬁersﬁiﬁ@depzz Assmngtfrat@hebuf fer
anplifiers anplify & 3 i"e’dﬁ d FEiGTeRe kep fr ving a
dual channel stri ps lﬁ excﬁésrto getaﬂ’ﬂ m,;f;t, ence %) '?{tlg,“?tﬁ;s 638
and 634 are preovi dade ieﬁso@ﬂﬂli)l‘e@ul&&ﬁhqrﬁlhamﬁe utp tvthlitm osmwz fﬁh&-t’phaséﬁglﬁdlsders 60
636 to 45 be. cmnﬁeeaaetwhfepmtt@f-ahze gignals, tbﬁrebihelnmtl.ﬁtmermua?wror rie«rcswt 0

cning n Or, rQv
moni tor the data frt%*l‘ﬁ’t‘w -tog-Dg§ verters 433. % l@ ncéﬁ%gjt Shet € torsc%g 'ia]mg on,
t he outputs of thessyH 9 a,fﬁ gsdtoa
digital volt neter 642 through a se ector swrtc 6 4 V\hen e subsurface
field sensing apparatus 100 is being operated in the so-. cal | ed passive
node , the analog data derived fromthe D. C. magnetoneters are

rece e ou

1 multt




A C. signal

50 applied directly to their: respective signal conditioning
anplifiers. However, if the - 50 systemis being operated in the active
node,—the—A-C—field sensors—are being used, _the A C _ signals Mist be
routed first through an AC-to-DC converter or a synchronous detector.
prior to being applied to the signal conditioning anplifiers. Use- of one
\he other. will depend. upon whether it is convenlent to. run a 55
ence conductor to the 'surface instrunents. Preferably, detectors 650
52 55 are-Princeton Applied Research Lock-In Anplifiers, Mdel. 122.
Assaai ng .t hat the circunstanced 58347sand permt, a reference srzgnal*’l"s t.aken

fr om -t hees bd 6941 THRGHdontn &bngna Spilc 16 tHe tbrminaRof swifh®es,” Vel 1. The

r ef er enc &hes lagodding to Sheppid ul rat:oﬁm@igﬁﬂamataﬁﬁ@c&mrs to permt
phase Ioé’k agrgj E%ﬂ'gg?rﬁ s m c%t%rg%%{gowmgw:t}? sensor data
resuts i % H C t gphase signal s
oo s i e B d,mmﬂ,g"éd cheAeh MR R o b ol

of di r ectcomsrterorsimyhdinonngs deécraarr kK 660 i s provi ded ermt the rout ing of

‘the A €., siMrianaed a’eheF‘H’é of . Lipitgdn vefcpe‘t %@ e or to

synfd"rroné‘l,ﬁﬁmglég ‘:ﬁ oy Frs orcorrprbses two

mul tiple tliwéléciﬂndJﬂ'bl &nﬁﬁ cﬁcnﬁw Eﬁubsurf tool output connector.

1,585, 479 62 and 664 The incom ng

Y)E’t[h‘g ARR '!'#%05 N £6 n, according to
€ de; Tnat on ‘0

the part'dﬁbld‘tia ik ‘“gseit& PUSt bl 120 b I0eatiinIAE ai GIT o "ritt%m‘t | will be applied
to the a[bpfebqﬂélvﬁﬂlethACabb@e crisdV giphratus Qf tﬁg/rpedamrtmmtmiemem or. t§he i nput

| eads tonP %ﬁﬁs t&ﬁ%ﬁ i dejof PBefGM Id%%:m?e@use connected to 5
svvrtch6 tch 644 is

posi ti on 1dGe3Rere thea uFace TRld |a ﬁmwg arrrgelrjvef I'er input to either
an 2C-to- DCAmmmgrtha;rth«)actlae iarsdcmdsadnthem gameratdr, typ;caﬂmaed t 12t because
of the Ilt*;fF‘t g;@ ST‘d acentt?vévg %@cﬁw‘ﬁi’yk@lt‘éﬂi“gﬂl‘ﬁ 2ng cabl e changes
must at8§33@t oIL i beneYl ok A reRbira N G xRy ~ sensing

- appar at usreqtrhnay,dw At(D fleldrkﬁﬁsﬁfg styktansﬁmﬂthefmm&h@nﬁbb‘ﬁmstslﬁnsar circuitry or
10 Zhe erﬂggg%%ntresmn ¥ the sl harmanig ofcth'_@%!é‘ MWPEF%A rfac@5t ool out put
connect o 3"’; h : target survey| ng
F t 0 1 ‘g,
i nvol vi néolﬁhéfﬁlﬁﬁ Ao Bnralsd Mforinais Wt g’roeeﬁk goeizt he desired
t ar get ' wpbwerfsysbemsavperatiag neanby.cllhe mguamnaf ﬂusxpealt nespahserreiunea‘thatell 15

hgr ol eéﬁﬁﬂgﬁﬁ;gﬁﬁﬁ\s@?ﬁﬁl@%wd% meg wambtHent | Mention, it

ss.?}‘é‘/ av?ﬂa 8 eéatﬁ‘éde of operation.
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measuri ng t he ToRadpeent SEPyRtionRdn theparation or el ectric field at a plurality of
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| ocations and of the spacing of said |ocations: utilizing said signals to
determ ne the gradient, in the direction of the borehole. of said field and
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signals representative of the intensities and said signals representative
of the gradient to determ.ne the range 35 to the target from one of
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adj acent separation AH: /AArmeﬂs:dtdceorgmgdo &filim AHwAEreinOMRS talrd2€ if b Wl havmg

separation [ef5] 'SWAQT,F]%?' aecordl Qver the second ~adj acent.
é%;f sa

separation, r, is tfRclichd target fr. 31?0&%11’ eqbé' mea um ng ﬁt?rgm%gme rat | B
t

r2 is the range t.o ¢ahastrmrggatc flefdoa) hogon; st tion;
and determ ni ng froﬁﬁ‘fflcte %V frgln th«h@rmltmec mtefttecheﬁ b}aﬂgeﬁeld of Bh ae t hod
according to agy orge he borehe totplol ﬂ‘t ﬁ@dm (ortbogond] saxexf att 1 e '
field intensity arem et'i 31 oTHiRN I?e(sl;m ﬁ§ teﬁ%?ﬁgfée@gmﬁ‘lt fiel2
in. the 10 di r editectizm off helsmﬂﬁlpbﬁdﬁl griehefidd0bR Ti et from the second location

10 6. A net hod accdl{flﬂﬁ ur} t’“ sege &gg ’%’g&ﬁf@@mtsw% oltaﬂ!lndgkli&iﬁamafdaﬁndhﬁé)m a
ferromagneticagarget. " g/a- ta °h°% & ngic wherein said
target is er eﬁﬁﬂﬂﬁttarsame sfldasuring componen‘:;eol? the tﬁ;frmm:go: f?f s dircetion

. 15 8. . atnddaxaa;cs@btthcmg the nehsrdd). &om n&is , the ﬂﬁ{é?f?g thé?lﬁ)“ Si ng
deterni ni ng the 1@ e g} a res“ﬁ O'@éﬁﬁ fﬁfSPle Ehalrwjndnomgainmte:e the
measuring the:m:orrpone 6. A uaj"lﬁo F@é‘;? rc;ﬁ%ﬂ%rﬁ ‘}Grtt"ls onal axes
at a first |ocati Gamuth ctohectbmraﬁ ohsil aﬁn vhtfonQtr c)hol%% lsm T‘ar get
to be ineffected byh ecn’éaspreélwmnqntseoftm ettat Feldraeas:ursbdfbgdq&m&nﬁ $heof the

total nagnetic flelmd=as 09‘%{ “C ey .. . second |ocation.in
t he boregol e &Jffl@h@mgln)agﬁ:?f%ggm el PRe ?"ar‘)& pims bmcfet""e‘lf‘fm taiftlield is simerp gnet j ¢
field of the target s} cbrdmg toheurear fuihsr domphislig é&dhs‘ﬂﬁ&@eﬁmuﬂé ng t
direction of the sl %g lacfeffP'eﬂa!tetwolfargtehe target. from the' second
| ocati on usi ng: t he niapmsid Fi6l o':”@ et'lgp,ﬁle endlcuf?@“l’f t'&P" atic
field and t hegheastmemﬁthb&rgn‘t atnhﬂetetmmeglﬁiehﬁec@i e “t‘,‘ fielg

25 3 9, A net:

the direction 25"?1'5"? &‘g‘%ﬁ ;

?@dltlg)to@hlammo&lawdse t<ﬁ4 Iwhérbm sadd?ﬁﬁdl ﬁh Hﬁ‘; ion o

a onents of the total
magnetic field al ofigdidneceo Adtér °°J"§}.¥i&‘.‘;ﬁa‘m"% 'S el ifiting gedried -
conponents - d¥® t hea ewinyms amgnmmng‘ lhelddeaioﬁ)ragthsah etf e Qi E%E?ﬁ ] axg
and resolving the E‘%ﬂ'ﬁ é{' % "tﬁteéﬂ)’cs’ileofrteemm“@m funtl’[eﬁccﬂnp’rﬁﬁgﬂ tant
vector indicative of el hgﬁtahﬁfpﬁptjh@l %ﬁ £ 10. A net hod
accordi ng to"58I ai ninglimatiodgre Hetéridied f&‘amﬁvabtﬁéxﬁlﬂ hé %: ME &Eﬁ:ﬂ;g‘n; :

. reference to the dip; .and. direction of the earth’s.magnetic field. : ' 50

-18.' Armethod of directional. subsurface drillin
g.of a borehole to inters
subterranean target exhibiting a magnetic or electric field, -comprising determlerfltng '
o the range and direction o the target from the borehole by 'the method of claim 8, 9,
55 13 or 15; and orienting the direction of drilling of the borehole in the dlrectlon of
_ ::l(t)% vteatflget;ttl )l‘"rom taa. potslgon bm gle borehole from which the. target may. be 55

intersecte ase .

determmatlons upon the target . range and direction

19. A .method accordmg to claim - 18, further comprlsmg penodlcally



azinmuth correction angle, and an el evation correction angle fromthe
difference.in the neasured corrponents of the tot aI field at said second
| ocati on and the—re

met hod cording to any one of clainms | to 4, wehrelnsald field |:s a-trrre-
35 Mlﬁd : :

EI(W to claim11, further corrprrsr ng establishing said
itm Mll

var yr|
'ding tb o a further conprising orienting a magrretr C

e.2 ' sensor_to determ ne the 16h85,879t i on perpendi cul ar to. thezsragn%fi c flux
40 heesunf defifis! Al AN el GBI uub e DofciGle R0 LN Larget
from sai deddtermin mrlmrﬁn gul F hé%i%g%{ﬁﬂfgd%@lctﬁed:ﬁﬂxm of clains 1 to
4, wher erdnllg aﬁaﬁpm{%temnbthp ﬂ’mh@any@rr tsdheetatgel.c fiel d. 15 A et hod

aGogy o ngff BRI ESenE R Bk ) e i ot o el a
sensor th i6h Hhgle ect LoNn T n WA 45 vo age gradr ent®of the
target -is 48l Amethai arcaordmgrtqclamdsdebez(mwtmagsatnmaorehoﬂeeeaml&ﬂ to the taryget
“from sai &‘6‘} (‘,“E'F' cﬂﬁ:}émn to in e&tg%ﬂﬁ &tiécor d| ng t(é&an one of the

pr egedi Ngaclatt Iﬁ@ ;j% Q‘Q ol e azinuth and

i nclinat laog-edét&mnﬁdnaitMQ r&&ncé Qxxs fhe N é’ -t he "Dor ehol e

azi mut h a%gonsnetqarmtlcmgmtleﬁeldetearamelveuhcmreldrandr’wmmmummof the earth's

d about a ferromagnetic target. 13 :A nethod:

‘magnet i CL S mcsgnsitivity aljgaed-gl id iref ”‘gm&‘sﬂﬁsr ection of the
er po s1 1me varying magnefic field an bem a e
eargsh’ s Gﬁ s iv y perpendicular to said reference’ qg Yg et hogs of

di rectional 23 ubparatﬁﬁﬂeoxdi’ng kd ¢laion mfwt&rdhﬁsraﬂhﬁdtendsecdnﬂtsais&e% .a subterranean
target e %"b jc fieldnsentory arrapgecowisk theircaxes of @axwmmeﬂ%ﬁlw ‘deternining the

. )
fange and g ﬁﬁir e b atdie ob 3l 5223 idﬂﬁmg r ORBifne at.n,g met hod of claim
8, 13nﬁ§ne1a sen?d? arﬂ{ng thrtﬂe mQens 'ro dr n thegporehol e in
the di r ead amwﬁnéﬁerpendnculahe: Mr tenéermin a position in the borehole from

which th PHY ms to claim 2455*!%%%?%%&%@%%ff@ﬁ%et ed, based upon

the tar 35?“‘* Gigh. ﬁﬁi s BRI HIGIEY A vH At doBSt saib ol TET MO accor di ng

. t25 cl aifien sen% S eimbiﬁs hedssueeé@éﬂss whéh foRtedabout ah Euys ofrot&tuéﬁﬂut479 25

28 interi Cld#ﬂ tblthm%? qummmg’l $qnsll‘dtysensr n par at'us _i-nto the borehol e
se

and redetg 'tglf&gccf’ hﬂf&;ﬁs ‘;{f:ﬁ lft‘%i}: frf:; nd adj.usting the

di recti ogir fdﬁb h&nﬂga Qfivi r@ﬁ( Q&lﬂ cbidlel git fdat er sects the
t ardpet . ﬂ@emﬁg aredhymd sngnntﬁmdrsm@;cdreelehﬁltm si:ﬁrodnvel@;rcmd'eeummoorl ed0i ng t’he

di rect i oﬁa"@)?‘“g’mf circuitfhgou ] iﬂm’lﬁﬁ‘ roaﬁhaczqt th correction
angl e ang §g§ﬁ§£§\f$ﬂ?§e&g§‘$’ ra Smet hod accor di ng
to clai maa, utpﬂ.t naplifi [oethesera(; e |s | “I'n an of f-verti cal

di r¥ct i on ' t 28.iAfperagecdccading t¢ slaimm %mhdrem 32-d c8ter quivgt ngmappar at @8 for

1 t.
det er m nPHEHG SR SO S pr Isrg“:,mm::osc fpgneti o or electric
field, C‘éﬂaﬁtle%h Ith $ d&epemndfék  rdgse apart by’ 10. a
pr edet er m naal Alppataanceccording gtoaclaief Memheexmmﬂ cdrhelrwen@muk ei t her being

r esffonsi vemnrefe-aars hfler % "rsarm% E}i’r‘“ﬂﬁ’dhﬁrts@i@@#ﬂ@mel d 4d being

arranged.,rrrm h- r?‘" rﬁﬁt{l ggﬁl“gig%r%@&@s ong sai d
referencqmames,c,, riSif 69 sndRedond tea sl ve: t.o"a tinme. varying magnetic
field and bagi. paanua eudingjte Mytdneoegtams 280 30, whergin spid xiagaetic sensi ti vity

: & SO COf elgxg AR, forming:a primary winding; a bobbrm of 4
per ndi (ts'?'ﬂt%fna ne c ma 1afh Vi%F %nm tgérem for recel in sald Eorond &m 15 23'
? second sSensors are

Appar at Uggift a@onﬁ sﬁi
static magnss. wppirami akcording @6 snyaonk angﬂdns w toh!l dvl&reﬁn aiddeteefor maXi num

" sensj ti vl ltafqﬂgm pliower cmnt arfmtwdaemﬂdr ng_to claim 22
EROR e e

usrae@omrg\tseﬂﬁb d of! dlimPIBY VB OWReiiRkaid Serva20 One. anot her and
per pend| dd{mrclrcun@mp ses efl emplifieehaving first 26d se; nrallt tesmimels,aandi Ng-to claim

. 24, where!1 ter irgy pn ttI th en said first
andtecs mgarg%&"gﬂ oA ﬁ%’éﬁ%%ﬁ&“ﬁ“ﬁiﬁ e 3850 Lo

each of sad ctmgemeexcthzaonecmr nsuetmeistsmm teBminglsaf-ne response when
r ot at ed aa)d)mnphﬁmraxal% fesfibacktlige| a9 nqchw to: ﬂ? g@ndlhmlh r to the axis
ABFHPT e ghaim 23 to

fi jstor te) if
- of ggpxi mgo ?’g} lﬁ‘% F&Sls e 28 CTLeE OF §3¢;°
. 26, whe mﬁ} Eeoffceduﬂsmas.s@rmmrdmta magnetlc sensor
core el ermplifjeraomrsesa@ammetentﬁommihawﬁgjrﬁmﬂ putiertgd @ said servoag currFent to said

' e f electrical power, and a wiper; an
o core el emw}'ﬁer avmg,éf 1clrst %;?Jt g I::‘:.)mr:c)-.cted to the wiper of* said -gain

65 potentlometer, a second input lead and an output-terminal; a push-pull eniitter 65



30 receiving an output signal fromsaid core elenent; a servo-driver
circuit coupled to 30 said detector circuit through null balancing neans;

a feedback line fromthe out put of =
sai d nul | “bal anci ng neans bei ng oper abl” e hr oWe to
reduce error in the output of- said sensor ele an out put_anplifier
coupled to the servo-driver circuit. 35 - Mﬂ\ﬁ‘ﬁordl ng t
claim 27 wherein said core driver circuit is Bj‘\ rovi de
cli pped siyne wave waveformto said core el enent . App‘ar dtus accordi ng
claim 27 or 289 further conprising an osdisBi4¥or circuit Connected to t e
core driver ciTCUT §odfcRRER JOARLYRRLG thelok Tl SRSt said at i ARBR AT

T

accordi ng to clai Mand Second\ii@fisistdis; SehidCa @EWOT \setting IthieC pdit oft Gaid amplific@NPri ses
an anplifier cir curconnhetmg wam ihnpmtutneofrﬂlmmtrhaftthc tramistopowg thecseeandt he 40
Amplifier;

1 .
out pUt ter m n%' Of quE aratu acco ng tgli'll. One§ f Srgi tOBA (Ia‘urthh ¥ Sl% gal n 5
greater than dni tYrverﬁE‘éis s&% mQH ngQE@ @ tQW:st tlshid€r. ac

-coupl ed*t o sai d amgfereddeakisCi rclit conpri-sing fi.rst and secon transi stors.

31. Appar at us accor d| eafaﬁqya@nﬁllrmfto maonvsolemsOZZal@-’oS \erréreepcnnryainaa
magnetic 45 44 eﬁg@ﬁ% el pnregylaied PRYT A PPRYBEI nar y
wi ndi ng; * & bobbi n 37. Appératu earo raeatnyconmterainalzzha\ebnah@an & nklay
therein for recei vrsengorsareddtsppsetdl \elthlraadnoasmgoq»fi nopfmagnetie ma!emd addptedtto bei d
bobbin to forma s Emb& ‘&E @Cﬁﬁ atus ;acc ous 9 era.n y Jone of
claims 27 to @1, WRgh A aFgéefe lﬁﬁt s¢ Eregélt%)é& o |va¢': és
emtter follower Cciahd biniulthesndiig@or dohfidctor 3ettirede6 @ietremOof said s[eé\&nSI stors; an
wherein said null baBSar*ﬁ@pﬁ tpracenedingdoplains 3& Wael'p tseldtﬁpldmsens are moungd

operably connect ed 4] ﬁfd gyﬁg,fograr'gee?f E g:r <tms o8 S8 ARPnEHANYNst or 5
33. Appar at uszoaccorcf' Y a&3fdidgl to eﬁx 39 Wt 8 komSifing aS€rvap
driver circuit corrptnsaefet deaatmgaxrpitne-fvareing gneng ﬁéld psa parldemimdri quenpyt

termnals, and an Ou,éfﬁ' il prdmst “H‘gﬂ‘: p h@Féﬁt ‘38%1"1“5‘ ged in
a Darlington anpl i fal b gflux resp Whﬁﬁélﬁﬁ? mi&t‘tﬁé m& D}
first transi-s2sor berddetefmingd Requesty icbapledionsdid indudtor Ldnklal Akmplifier coupled to
said inplifier; andaid mrb*morahd fcepacﬂgrecttm tlt)héorgmmnasmfg @allc}lehnﬂahlﬁsndr
connecting bet Weenpf‘ﬁig tusac t?jg gl fnlero clatms%f'?o atft)xgtheai'r}:gmatislt Iarr]\put
termnal’ of said agRbid lfé’ﬁpo‘@at. #290Detnking ¢ 0 Botc AN Erale Al o argngnCt i on
formed by the3tol | ektwic fiefd ofai eddte’rﬁtineﬂ freiEenst; @nd a qﬁ éy emcﬁ\teeerm fiers ai d 30
second transistor &Aepl P'idsf—ieﬂ 1°\f mﬂéﬂrm‘ °stan :
L‘11 Qﬁé Femprising,; 4

60 34. Apparat us. aggafti Bl ARGl On

out put anplifier conpa4, s«qmau@aurbrpﬁg BNélaie Vshﬂguﬂac likstrlmbi@@tion
connected to ¥aid semmes iy angleg-to- raglwémndtelr drzonmgmeeﬁdrmntan@dpﬁ spidof 35
clectrical pover. ARG ML AREE TR I ot LTSRS
connected to the Wl&ﬁ”th@%anE@!oth%a’r d dlsplay tﬁt agt Iec ?gﬁ(}&!@ i nput

| ead and an out put deteeminatival a push-pul |” em t t er

1, 585, 479 40 45, Apparatus accordmg to clanm 44, furtgg chmbtisinges drgliql owltiplexern nect49d

to the output ter mfrﬁjmec;é‘t ?ﬁ[‘;&ﬂ;ﬂ?‘ﬁ? ::(l’:lgl E%ﬁné?dd "@ﬁ"dbé &kB8d
transi stors; and ‘a NEBeMX Hnethon. of Saivk Vi fwer&ﬁienh@ @alfx‘gnﬁmpﬂeftélerto a
connecting be geen Stmrqnmrrsmxmbltmme ntagnetlt: er geafic fidld stlbssmsallytaa he'etand t he
second i nput. Sead (S‘Fsc 3{1? ectmal“?ﬁ'{‘ff’?‘:’"“ dI!?SW accord

any one of clains 3@,@;& ta Y,

fiing & HAElent 'Bgel@ctn ﬁer@ RS es o
i ndi cati.ng the degldesernm‘d wmnatercmne mftheac mppydigadravingdbout sai d ref erence

axis. 36. Appg atus attdu t?ﬂm gthesange te @ taBet xhibiting e
conprising a voI tagﬁgﬂoé‘,ﬁ@,f Efﬁgfcc m mg) "éﬁf“ggsfc“?eéd’ﬂﬁh\ﬂ’ ﬁﬁ“‘i?rfPe”d‘ﬂl at ed®
power and supplying 10 regul ate omer to said field sensors.

10 37. Apparatus according to any one of claims 22 to 36, wherein said
field sensors are disposed w thin a housing of. non- magnetic materi al
adapted to be di sposed i-n.a borehole. 38. Apparatus according to claim37,
wher ei n sai d -housi ng conprises an 15 el ongate cylindrical sleeve; a
nose cone secured to the forward end of sai-d sleeve; 15 and a

mul ti-conductar connector secured to the rear of ‘said sl eeve. 39. Apparatus
according to claim 38, wherein said field sensors are nounted on a frane
havi ng four elongate stringers extending between said connector and the.
forward end of said sleeve proximate the nose cone. 20 . 40. '
Appar atus according to any one of clains 22 to 39, further conprising a 20
sensor for detecting a time-varying magnetic field of a predeterntned '
frequency.




41. Apparatus according to claim40, wherein said sensor for detecting a
time- varying magnetic field conprises a parallel inductor and capacitor
tuned to provide a maximumflux response-when flux lines from said

time- varyr ng magnetic field of 25 predet ermi ned frequency coupl ed to
said inductor; and an anplifier coupled-to 25 sai d inductor and capacitor
ination for increasing the |evel of a si gnal produced by said
ination. 42. Apparatus according to any one .of clains 22'to 41, further
rising an electric field potential probe for sensing the potent i-al
_ dPent_of a time-varyinig 30138547 ¢electric field of a predet39rmn’ed
frequency;. and a freque?gkk%g*gﬁtkgﬂmléér er 30 coupl. ed to said el ectrr c
field potential pr.obe haREred Rite ﬁg@ﬁ@rdl ng to .any.one of cl aims 22 to
42, further: conprising- surfaEemsrestl-Iousvent ation for recetving signals from
said field sensors. 44. ondon N’ﬁ?ﬁé@ 'ng-to cl'aim43, wherein said.
surface.instrudmentation 35 andCANIRALSes .an anal og-to-digital converter
for digitizing nmeasurenments rfadiendHomaj d 35 fi el d ‘sensors; an interface
-for converti ng the format ofi4%] W%‘ﬁ ed data; a calculator for receiving
the digitized data in convefegs énd deternining at |east the range
to the target; and di spl A8LofiBIR PRovident mlmeisg;ntr ng at |east: the range
determ nati on. 40-. - - 268t )ﬁqnpantataus according to -claim44, further
conprising: a digital mil trgﬂ" ASgav. 'Eonnect ed ‘bet ween said
anal og-t o-di gi tal* cqnuvert ¥ 5 for taking multi -channel
digital dedntedasicie ﬂonembmceaysue e, W81et hod of
surveyi ngP‘th‘hﬂ’e?’e'?‘ﬁtp?‘fé“ JoeYir ;e R@%’*ﬂﬂﬁ?‘éﬁ%’%“{%a“gﬁﬁﬁrranean t ar get
exhi biting a magnetic or eI ectric field, substantra[ly as herer n 45
described with reference to,the acconpanyi.ng draw ngs.
45 47. A nethod of directional.subsurface drilli ng of a borehol eto
intersect a subterranean target -exhi biti ng a magnetic or electric field,
substantial |y as herein“descri’ bed with. réference to the accorrpanyr ng
drawi ngs. '48. Surveying-apparatus for: deter mi ni ng the range to a:target

exhibiting a 50 magnetic or electric field, substantrally as herein
described with reference to,. and 50 as shown in, ~.the accorfpanyi ng
drawi ngs. - .30 . - S 1,585,479 :
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