WELL: W TH RESPECT TO A RELI EF WELL The invention relates to a method a
mearis for de: termning.the subsurface position of a bl ow ng -

whi ch fluids such as oil or gas escape in an uncontroll ed wezaeeéﬂ"}ﬁ?h
respect, to an adjacent relief well. 5 It is known in the art to stop
the flow through a bl owi ng well by drllllnd arelief well froma surface

| ocati on near the bl ow ng we [ rilled with the
.intention of intercepting. thkhgﬁ ow ng ﬁﬂﬁ 1?6{! ly&lei iobﬁyeat a subsurface

| ocadj on near the downhol em&mmmcmsmomtom BLOWEF@h the fluids enter

at h‘kg'h velocity the wel | boggyr wareaRbect 9 A Heetir @RLRf Water and/or
wei ght'ed fluids via the relief well into the blowng well. It is

furthernore known in the art to nake use of sound waves emanating fromthe

bl owi ng wel |l to ori ermhet hﬁveﬁltiod ir@lates to & me€HddOand mehhi® fbeljc'lei-f | wel |

t owar ds the bl ow.n [ ] . atet S filcation;3,282, iscl oses an

acousti-c-wave re@ggﬁw‘ﬁ'ﬁg gﬁe ggﬂ ten ¢ ggd‘%ﬂg girel 8P well to

det ect acoustic whiels féutdaatsuctg asr ot an gal aseape bh ani ngcomskblled order to

obtain i nformati L O ative to each
BB LNG1 ROBddde 9§S=2°°%3551§, Xs‘é@+é Seffer whEl.

ot her. US patent specification 3 oses_an i nstrunment for
finding the radial diftels kBAvRiinathe @KEntP WEPP et HloveShraught s bloving ef

wel |. The instruggnt b?OEf)ng.S.ﬁﬁ A rplidealblly f0bn aC Qliffdce I&aemern%ﬁfrggnt ed at
various tangenti ce tions o n i.c

housi:ng i s i nser%ﬁ){’lw{&ﬁ "’Fi)f ugh 4 rﬁfieafa 1!’0?@#?\5 %prl‘est ring

| obated in the rdhtaftion|df ifvercepping the tilewing webl, preferadbly swuad waves

emanat i ng from t Qﬁb&lr&%{‘% E@éionahe%.h%he ad?ﬁ%{a‘ a"L? %E“%Cla%&e'a‘éers an

indication is obtaln orrentation wel |
rel at ive to the wbiclmthgcflniqunter at high velocity the wellbore, r.o

. enable the injection of water and/or weighted fluids via the .
relief well into the blowing well. ' |
It is furthermore known in the art to make use of sound

- 1- METHCD AND MEANS FOR DETERM NI NG THE SUBSURFACE POSI TI ON O: A BLOW N@

_waves emanating from the blowing well to orient the drilling
15 direction of the relief well towards the blowing well. us
patent specification 3, 282 355 discloses an acoustic-wave :
receiving device, that can be lowered into a,relief well to
detect acoustic waves emanating from an adjacent blowing well
' in order to obtain information on the positions'of the wells
. .20 relative to each other. US patent specification 3,722,605
discloses an instrument for findiné the radial direction of a
blowing well with respect to a relief well. The instrument
comprises a pluralicy of acoustic receivers mounted at various
tangentially spaced locations on a tubular housing, which
25 housing is inserted in, or fo:ms part of, a non-rotating drill
string located in the reliefewell; By comparing the arrival
times of sound waves emanaging from the blowing well at the
tangentially spaced receivers an indicetion is obtained of the
radial orientation of the blowing well relative to the relief
30  well.



-2- Al though the known instrunments may provide useful infor- mation on-the
"~ positipQn .of the blowng well, these instrunments are not able to indicate
the.;@tion of this well in a sufficiently accurate nmanner. 5 < .
Obj ect~0of the present invention is to provide a nethod and neans for )
accurately deternmning the position o 2 blowing well relative'to an
adj acent relief well. The method according to the invention conprises the
steps of (a) deteslthwgghttia pimmaﬁ.nsgtuménttmmaylmsiéé wsgfehdnfargi - 10

- pudinal axts plesbhod %ha%sp@g%nd%goas bE mreéﬁﬁmegeengnémmtssubsurfacel

[ ocation of t oW n etermni-n erence I n times of
~arrival of t h%f%/a&?ésﬂbéﬁ tailgdicatsl the §sa%@en| ok his felladrl & b) detecti

n
t he waves at g\,ﬂ;&uiéﬂﬂlyyamurae@%ﬂgéﬂl | y spaced | ocations al on93| de th \e’(
bor ehol e \ga of th? relief wel] and neasuri n?? e acous c intensity:
f KI&S

resul ting rom t hgbiﬁé\'ieg dhecpresest Fﬂtl"é’n 89 8 p%\c“?tf‘ cat i ons. The
nmeans accor di ilgl 'ineandﬁeform&nraMycmrmsmmganharpoaytm‘n ef cudllowingecei Vers

carried by anwei oggﬂﬁqvgwgat ‘HtaQF "qug'iédf'e ‘ll_i/ers bei ng connected at

pr edet er m ned erva axi's of the support, and a
frame carrying anThesethed ﬂGF%ﬁéGEstq @hswensiqmcmsasmetemat each

sensor i s mV@P'@%'&t@cEi&S‘aérﬁ 'pflhi-a/lir dbﬁ'loéafﬁnfs' len‘é“ El'ie rl%ﬁEﬁ-Ct to a -
central aX|s of t frame nventlon é be- carrled into

practice 10n atyfinstraxis Qfa§§°b£ﬁ1iﬁﬁé" eﬁ?‘ﬁsé =Y i W08 IFRy be
‘expl ai ned by aveepbsﬁrmanmatw lofr ehebaseing oemenacmepﬁwn@gtwk awi ngs, in

which Fig. 1A an_ el n view of th art of, Pl I nst runent-—.
according to: ?Jh&efﬁ?/ arf#mlgl g i4E val liﬁloeva e:%OﬁLw é’w aria?k% | ower par
of an instr unmcedcma@limgs,t eud Hd)i hmsim theivaves sthevpluralétyical
section of a fiq g&.c\i@ﬁy 3pdcel 13ciBldns aiRb1dd cHbitRehbfe g " uMENt Of

Fig. 1is suspen
15 | of the relief well and measuring the acoustic intensity

resulting from the waves at each of said tangentially spaced
locations. '
' The means according to the“invention comprises an array
of acoustic receivers carried by an elongate support, the -
o 20 receivers being connected at predetermined intervsls along the
'longitudinal axis of the support. and a frame carrying an
assembly of acoustic sensors in such a manner that each sensor
is movable in a substantially radial direction with respect to
B ~ a central axis of the frame. _

25 The invention may be carried into practice in a number of _\.)
ways but one specific embodiment will now be explained by way :
of example with reference to the accompanying drawings, in
lwhich '

Fig. IA is an elevation view of the upper part of an
30 ;instrument according to the invention;
Fig. IB 1s an elevation view of the lower part of an
instrument according to the invention, _
Fig. 2 shows a vertical section of a blowing well and of
- a relief well in which the instrument of Fig. 1 is suspended'



!

-3~ Fi g. BA illustrates the difference At in arrival times of acoustic
waves origi.nating fromthe bl owing well between two acoustic receivers of

the instrunent in the position thereof shown in Fig. 2; 5 Fig. 3Bis
a dilagramin which the neasured tine dif- ferences At are plotted versus @
the depth position of the instrunent’ |nthereI|ef weII Fig. 4is a

hori zontal cross-section of the relief weTl3 taken al ong line IV-1V of Fig.

2; and 10 " Fi 5 i i agram i h the COUStICI tensity_J
sanpl ed by the acougtli':‘t;8 siﬁé&?‘és%f“f?\éhg@ ghetfe ﬁ imarpiyal; fiRes Ak eof
showQ in Fig. 4 |a&o@étdtct edkvesFogigihdt g0 Bor ltaewjmﬁ.ng)aren.lcﬁetaaen rwbrunment 1
accorging 10 1NC SRS Pleattli NPRL (RORERSE S e ToR e LHGBEOUS” 1

tic recel_vers HI- feceivers are m)un |ve cages 2
that are shaped tshowk dtai RigweR8ral i zing the receivers in a bor ehol e (not

shown). Each gage 2.cagnrisqs 21dpPas 15%1%&%1&@%43@2@ f1deOWpt- end
section 5, which sections are iInterconnected %e nmeans of four hol |l ow rods

6. The cages 2 2¢erenges fRargoRipttRd Herans ihe: derthppRitien ffethe i n such a
manner- 't hat the riaeetmhs B\ | caeld,-eljjuf afeglarranged at a predeterm ned
interval al ong the nal s | .of_the ¢ cable 3
i ncl udes vari ous po }ﬁg‘ s?g*??g zo?ﬁ’&ng’f:ﬁssss%%qlof’n%fs gﬁofe Eg\m’;ll whi ch

| i nes pass throug:lakethalﬁsg licagﬁ!s-nl off Fighedseamd sections 4 and 5 and the
rods 6. The ggoustic g4ec %\&ﬁrg @ml 1 dh ke ed %%Qué‘éi‘?:ciﬂée Qy}plrJophones of

a type.known per se, Rones are surta {0 transduce acousti'c
waves detected t [faRBIAE Pﬁt@%ﬁ?%§b®rﬁﬂnﬁg’-’%l°€cftﬁ dnstmymans inTeke way in

whkeh el ectric Sg@lﬁifonpélﬂéiléﬁechh%@n 1Dyigha a8cglioeeed, H and HIl are, after
anplification an reof via the nal -trans ssmgllnes

th
processed in order t?]‘&etgsl?ﬁ%’é 'R TRPST PRFE B%SI géﬁ“&“ﬁﬂﬁm nfjccordin

to the invention, which part comprises an array of two acous-

-

15  tic receivers HI and HII. The receivers are mounted in protec-
. tive cages 2 that are shaped to aid in centralizing the
receivers in a borshole (not showm). Each cage 2_conprises an
upper end section 4 and a lower end section 5, which sections
are interconnected by means of four hollow rods 6. The cages 2
20 are included in an elongate support cable 3 in such a manner
that the receivers HI and HII are arranged at a predetermined
~ interval along the longitudinal axis I of the cable 3. The
supporr cable 3 includes various'power- aad signal-
transmission lines (not shown);'which lines pass through the
25 "cages 2 via the end sections 4 and 5 and the rods 6. The
acoustic: receivers HI and HII are piezo-eleccric hydrophones
of a type known per se, which hydrophones are suitable to
transduce acoustic waves detected thereby into corresponding
_ electric signals. The way in which electric signals produced
30 by the receivers HI and HII are, after amplification and
| transmission thereof via the gignal-transmission lines,
processed in order to determine the distance between a blowing
well and a relief well will be explained with reference to
" Figs. 2, 3A and 3B.



“well and a relief well will be explalned with reference to Flgs
3B. Fi g.

-t he
and

2, 3A«and

| B shows the | ower part of the instrument 1, which part

a lower frame section 11B. 5 -The-two frane sections 1IA

have a comon central. axis coinciding with the |ongitudinal axis
support cable 3. TFhg. |1Bvelowsr the lower ipent 19f3 thecinsveneat bxiwhitly ext endi ng.

shaft 13 whi Cgafé 1&&1&&3@ yrmae endct:therceeé a(i:O@ﬂgQ%Ggr tedt bgerdBREl, frane

section 11A by neans of .a bearing assembly . 3
shaft 13, andthhdevenend @i the| yipeprs cahite socTheifreas 11t gotsdsss ofabout axi,

| relative toah hppePiFtant 'sutei6e UAOMdL 3A 4 J6Qe R ITrans sehtionTthShaft 135l

carries at_the | ower_end thereof ose 14 for prote
et ot o aPD RS AUEHG AIACHY LhB RS, & hormon RAPLEAL 06 o
15 (see al so Eoipcidingawétiatttﬂhbouqipedimﬂtdaitshéroaﬁ)fthelsxmponglopbi:e)nnect ed by

means of hingg RyRs; t?zﬁnec oo 18MEhETbdes . AP YRS

hagh
arms 15 carry at the | ower en ereof acousti C : senso % §§

(the sensor

such 20

t hr ough the centr whi.ch pl.anes | terseet each: other at angl es of
[ERR] (se¥ ? % &Mnﬂqu}ﬁei% “Ph’éh%éﬁstﬁ"s gyer SFfméind Si1l

th

Sshafti &3 whdch HisnAt | rrheFugperl Bpd thezeof ﬁgenﬁﬁtﬁé s thee

_incl 8. a frane 11 connected at the upper end thereof to the | ower end of
port cable 3. The frame 11 consists of an upper frane section 11A °

and | 1B
|- of the

shown) allow ng the

th
arnms 15

and SII1
oriented

ahpgeie f?e[nﬁs se&i‘oﬁnlﬂ?bflﬂéﬁzgdof '3. BbN8E sebbifl(ngE Passing

are noved |n sednbnnlnnal ty rroadtalabdut aﬁ:ﬁsone-ematinreometuﬁpert he 25
central axis

| ed K |y
P o ory acteRC e AR FIA Khde, DG, Mhe BRI P CBLEh 3 U ﬁgiﬁﬁsob

‘an assenbly olowesyvend theredfhesrubbevcnase2dt fioy pratieching the dimdtrirer eof
sl'idingly con,gg,ﬁt ‘idddﬁngnf‘owﬁfriﬁiﬁh@féﬂ? 15 @%@r@ﬁoltehe‘nﬁtegepimda{'ﬂer eof

connected t-he shaf |'evers. 20 are in connection "

pi vot i ngl
by neans

20

ﬁ%E

25

30

ks d8ee sy Btz-r éasatzlaw vchw 'apeqr. emtrg thereof pivotingly

connected by means of hinge pins 16 to a collar 17 which is
mounted on the shaft 13. 'The arms 15 carry at the ‘lower ends
thereof acoustic sensors SI, SII and SIII. (the sensor SIII is
not shown in Fig. 13) The hinge pins 16 are oriented such

that the arms 15 can be pivoted in planes of rotation passing -

'through the central axis I, which planes intersect each other
at angles of 120° (see Fig. 4)

By pivoting the arms 15 the sensors SI, SII and SIII are

moved in substantially radial directions with respect to the
central axis I (see arrows III). The arms 15 can be pivoted
simultaneously from a retracted position towards an extended
position thereof by means of an assembly of levers 20 These
,levers 20 are each at one end thereof slidingly connected to
one of the arms ‘15 and at the other end theteof pivotingly

connected to the shsft 13. The levers 20 are in connection b&f

means of an assembly of rods 21 with a sliding collar 22,
which collar can be actuated to.be axially displaced relative

to the shaft 13 by means of a ‘suitable actuator mechanism (not

shown) ..

P

3

aft 13. The



V\/mch col'l ar can be "actuated to be axially displaced relative to the shaft

13 by nmeans of a’suitabl e actuator nechani sm (not shown). -5- Wien the
sliding collar 22 is noved upwards relative to the shaft 13, the ar :
are pivoted sinultaneously to the extended position thereof, wherea e

arnms 15 are sinultane- ously retracted in case the collar 22 I S nove
downwar ds 5 relative to the shaft 13. E'éc":h arm 15 contains a
-signal -transm ssion |, an- el.ect ri connect i on

not own) f-or VI di n
between the acoustic déh@ﬁs'g ld}%lﬁ DT ERREPE R AR %ignal -
anplification neahe ghaft lsihowh# aa:msalrﬁgedemivphed lsppettahamylﬂo thsect ion

11AgThe acousti %x%%%%rg ﬁuoéléhew&k ShhdreéakCrid 'arﬁﬁ('lgl a?&%%ﬁ&gﬁlers of

a type known per se accel eroneters.are each secired a tlexible,
vibration absor biotglyreesercted imeage rihe1soXlagct2 48 W’énﬁ@ﬂ’m’ﬁ@’ in an
el ast oner) tosprglm@cey%hcsMOml ing between the 15 accel eroneters

and the arns 15. The Ber grre sec¢tion %ﬁé houses ﬂl}ﬂ f he act uat or
mechani smfor slidi ngéjat‘: arth 1P Gonsaing, a afdnal-transpi rt‘ﬁ‘e shaft 13
over any desired shegd)e fabmxtovldltmsaan&necaﬂtt rerneetion beewssn l:lng t he angul ar
i aplacement of Lag.SA Ledkds! £ 5512 % shi¥ Skl di"EndiARE old BiERaSEC! T ON

11A. The upper f 2B sectTon I nC e€s a Co shown) for
neasuring t he oriaspltfiicapiqmaeans (M"t isheen) azrangedt fre thagrepercidame| d of the

earth. It wip bgeaPyeiil edetat&hs@yc GeRRir Qﬂ lshe &l s1pr @yeded by the
conpass with the data prow gﬁﬂé’tsal d:_means for neas I’IFg t he angul ar

di €pl acenent of tHe-THat ol Pgrﬂ\/a'ry(?el *H"B’Pn%ﬁ‘? 8fs i ovi ded on the
azhptit h posi - ti Qaceiertohetaisaare kachrgkcated ia a(mesibh.se:tm:soﬂ -S|

carried ”‘ereby ab85et1lg SsGr Vo 1HE Lind "I (b Us"BY ehbbdarRSH %gd that
T . elastomer) to provide acoustic decoupling between the
15 accelerometers and the arms 15.

The upper frame section 1llA houaes, beaides the actuator
mechanism for sliding the collar 22, a mechanism for rotating
the shaft 13 over any desired angle about the axis I and means

.'for measuring the angular displacement of the shaft 13 rela-
20 tive to the upper frame section 11A. The upper frame section
"~ 11A further includes a compass (not shown) for measuring the
orientation thereof with respect to the magnetic field of the
earth. It will be appreciated that by combining the data
provided by the compass with the data provided by .said means
" for neasnringlrhe angular displacement of the shaft 13
straightforward information ts provided on the azimuth posi-
tion of the shaft 13 and of the acoustic sensors SI-SIII
carried thereby.
For the sake of ready understanding'it is observed that
30 in this apecification and in the claims the azimuth of a
vector is defined as the angle measured in a plane orthogonal
to the central axis I between the orchogonal projection of the
 vector on that plane and the orthogonal projection of the
earth's magnecic-field vector on thac plane.-



-~ well 30 the instrunent 1

30 in this specification and in the clains the azimuth of a vector ts.
iped as the angle neasured in a plane orthogonal to the central axis |

'_m_t he orthogonal projection of the vector on that plane and the

Jonal projection of the earth's magnetic-field vector on that plane.

- 6- F|g 2 shows a blow ng well 33, thsrgugh which well 33 fluids such as

. o0il and gas flow in an uncontrolled manner from a downhol e source | ocati on

'S to the earth surFfigce 3Rowsh ar blowtingvwdll 39, ithrough kel mem. a@3surface

| ocati on near h bl ow n 3 h i ntercepting

t he bl ow ng wehl %su‘%ﬁ e?era fa%nr#es ? ?ﬁgﬂﬂs’ou&r g‘gc?&c}tcrg?i gn?r 2 efabl e the

i nj ection of nad@wnhahwsoprmllgmwnf qujshemrthesqréacemm|re|lhei> the- -~

bl owi ng wel | Gd11 Al &5 dreipule-bh tberfyctl 132185 $REP! thd BOMinge relief %'
been lowered into this well 30 a ;

the suppor® c¥ptk33. té‘h“i‘% ié‘g%‘tféﬁ&e%ﬁ AnEatcerring thy RiowinrgFedl t he earth:
surface 32 Dasj rpg-etbﬁﬂlgo\rﬁa:ngwrsaeedurlecm&nas;r&ol%lﬁeOf:hé he franme 11

th d t he | t
o | < A A o U e e B gl LS, e
posi tion suchiatmttheelowdog steld Zt'iansors Sl -S| I | are in contact with. t he
borehol e wal | 35, Al?.t'ér 43 o?ftl‘én)irm:lﬁ% tfr% ,_Iht;e éﬁ&tfrument 1 |n_ §
ron S

t he borehole or in case t ower fram-se is~rotated relative to

t he upper!®raWelk St fim i!!imnt k R€ Eigyslhas been devexpdadntn this avoi d
darrﬁgteht? mewsrnsolrst dibesuﬁst-f WEB1k 3 %hi&ﬂtirsabngp%Sﬁé{\ rftrbiﬂ deli eI \ével | | 30 -
suc a e_axj,s e instrune i nci des, W e l ongi udi nal .-,
axis of the rgf?iélngv\%ﬁm B? ?rﬁarB g§%§t3 apPrTaerE bt?ellﬂ%“eﬂnghe sourceNgs -
‘and the axi s procedunelithat erhsaslSMﬂaoiSthe dramenld careedhothe E&E#actdthe point X -
B ol ch Lo SbReABEe MORRETesRuad ACLARAL S 91G. K che' hhrklt 84 A1 2 depth

[ ERR], wher.ea oustic recervers
' 15  in the operative position with the arms in the expanded

position such that the acoustic sensors SI-SIII are in contact
with the borehole wall 35. but in case of any axial movement
of the instrument-l in the borehole or in case the lower.frame
. section 113 is rotated reiative to the upper:frame section 114
20  the arms are retracted again to-aﬁoid_damage tofthe sensors.
| The instrument is centralized in the'relief well 30 such
that the axis I of the instrument coincides with the longi-
tudinal axis of the relief well. The point of closest approach
between the source S and the axis Iis indicated as the o
g The poiat X at which the distance ' S
vector Ds intersects the axis I’ is located at a depth _

25 distance vector D

Zgs, whereas the two acoustic receivers HI and HII are
located at depths z; and zII’ respectively, in the relief
well 30. : :

30 . "As will be explained hereinbelow with reference to Figs.
2 and 3 the depth 2y and the length of the distance vector
Ds are determined by the instrument 1 by measuring, at
various depth positions of the instrument 1 in the relief well
30, the difference, if_any, between the times of arrival of

35 acoustic waves W originating from the source's at the two



| ocat ed- at depths [ERR] and [ERR], respectively, in the relief well 30. 30
As will be explained hereinbelow with reference to Figs. 2 and 3 the de
[ERR] and the. length of the distance vector [ERR] are determ ned by théﬁL
i nstrunment 1 by neasuring, at various depth positions of the instrunent<#
in the relief well 30, the difference, if any, between the tinmes of arrival
of 35 acoustic waves Woriginating from{he source S at the two -7-

axially spaced recei.yers H .and Hl|. W, | e,explained thereafter with
reference to Fi g?ia&}(’énsd’a%e? &< sfeﬁﬁt@fcﬁndt%Iellzdﬁt‘é%geb?/%?%%nbgi s

det ermi ned by t hehéresfremwith rebsremsasta Fihgss heandiigehr iazlmetibs bf i dhet i on

al onggide the DOiERahEs YectdP Y, £ dltediiGed iy Ehi dobBRGRRE! Y pyesul Ling from

the waves Wby neans of the thBee tangenti al 'y spaced acoustiC sensors
SI-SII1. -The vivgasyringthextaggeryiglqdistaibytion, elamggide thatherehelael | bor e

33 at the soUr CewydACy$ idi the UcvlSticl $Rrdnd1 o HeshlEingOfronVeNE WaVés hiat
propagat e througlgth he earftl'h Tge acous%fa ves V¥ﬁare, after detection
thereof by the r2t&e@Rf SEhe, fhTes \fangenrtalty SR2F4 BSMaFdF 38R9%8FYnal s. The
el ectric signal $¥«8%3Huced in a certain interval of time t by the upper
receiver Ell is repr - ' _upped:. dj : ol , wher eas
the electric signal 'ﬁﬁﬁgg%deﬂi%gpggafﬁ{ogﬁg rg%%viogné\ %thgyﬂfehe | ower
receiver H is regddboemidddat itheheourgaclocatien Snsdnesrrige 3a ageystiq ystrat ed

in Fig. 3A tilde shaRaswthathgropagied shiRighi B0 ehEHD The d86etichavdd wand H |

are simlar, but there 20, exiSts a ti del ay At, between these signals
which time .del ay®%®mn?® fdé?'é"rﬁ’ri‘ﬂ‘é&“&‘c’%‘tﬁ?e‘f*g? \Elﬁcﬁ”ﬁ’s'%-q;oﬂ“éluéﬁng t he
si gnal s obt ai nedefansduddic ines electrdicHignalls HThe dlvettideigedlny At equal s

i ot pronce, PPt 1 4TS e B R Y P8y WAl ecelvers

. . receiver HII is represented in the upper diagram of Fig. 3A,

15  whereas the electric signal transduced in the same interval of
time t by the lower receiver HI is represented in the lower
diagram of Fig. 3A. -

As illustrated in Fig. 3A the shapes of the signals
obtained from the receivers HI and HII are similar, but there

20  exists a time delay At between these signals which time delay

can be determined accurately by cross-correlating the signals
‘obtained from the-receivers BI and HII. The time delay At
‘equals the difference in arrival times of the acoustic waves W
‘at the receivers due to the different distances between the

- "acoustic" source S and the receivers HI and HII.

- When the acoustic waves W travel at a spéed of propaga-
tion ¢ through the earth from the source S to the two recei-
veié HI and HII, it will be understood_fhat said time delay
At is'ptoportional'to the differénce in distance Ar between

30 the source S and each of the receivers HI and HII, since

A't-.-%.Ar ' R (1)

In case the axial spacing between the two.receivers HI
and HII is defined as 24z and in case the-dépth'of'thg o



25 "acoustic" source S and the receivers H and H . Wenh the acoustic
W travel at a speed of propaga- tion c through the earth fromthe
E&\B.to the two recei- vers H and HII, it will be understood-that said,
timeNddiay At is proportional to the dlfference in distance Ar between 30 °
the source S and each of the receivers kl_and HI I, since [ ERR] "I n -case the
axi al - spaci ng between the.two receivers H and HII I s defined as [ ERR] and’

- in case the dgpih,glad fie%n thbnlsémmlllsa s Readuslell &y méuéﬁ I's measured
by neasuring y neans o th meter at the reeling drum 31) the depth

[ERR] of a reflst agars péi ﬁtd%‘:?‘d%%ﬁ&d“atthﬁh‘?e#’éﬁ)&‘m‘ t fRedePER receivers
H and HII, tbe o stﬁfeeeﬁhe‘ i,ei:&nmemm mlﬂhbﬁniapoitﬁ%ﬁé&&f‘eﬁd in terns. of

B LY ol Sl R A DY ARG U B Licharoul ar
vector ‘105 [E&lﬂessﬁ)rﬁm namnsonfcn‘ ,faf taacx It 3 byndfytlﬂggogas'es [ERR] In -
by momns of + FEhh it Skt SpElhe (iRl PL T [T, 10 o reashred

termAt is deternined, as explained hereinbefore, by cross-correlating the

.signal s obtained fA{.qm,«Sﬁe.,."r(Q”'ceJ.v,;eMrs hH%and H . The other terns, to wt c,

[ ERR] and [ERR], are suﬁsequ@ntl det ermi ned on the basis of the various 20
time dlfferences At nmeasured when the instrunent-1 is | ocated at vari ous-

depths in the relief [+ 3@, - Boetda)d of the tine diff@)ence At measur ed
when the instrument is owered or raised within a certain depth inter- val -
‘inthe relief well 30 (such that the reference point Mis 25 | ocated at .

vari ous dept hin [wiReh )foxnula Dgvisnithe pAgmitede afa%#a@nshomtpn F| 9. 3B, W
- vvh| ch di a,gjanﬁthe pl otted points P lie

Combination of formulae (1) and (2) gives.-~

At -%{ ﬁ)?-l-(zx - zM+__Az)?.-

/n'g + (_zx - -?u_-‘ ¥}y @

_ In formula (3) the term. Az is a constant, the term zM
15 is measured ‘by means of the depth meter (not. shown) at the
reeling drum 31, and the term At is determined, as explained
.hereinbefore, by cross-correlating the signals obtained from
the receivers HI and HII. The other terms, to wit ¢, Dg and
Zgs are subsequently determined on the basis of the various
.20 time differences At measured when the instrumen: 1 1s located
. at various depths in the relief well 30.,__ .

* Plotting of the time difference At. measured when the
1nstrument_is lowered or :aised_within a certain depth inter-
val in the relief well 30 (such that the. reference point M is

25 located at various depths z ) will reveal a plotted diagram
as shown in Fig. 3B, in which diagram the plotted points P lie
all - with some scatter - on a section of a single curve C.
Subsequently, the curve.C that best fits to the plotted
points P is calculated on the basis of formnla_(S) by means of



all - with sone scatter - on a section of a single curve C. Subsequently,

the-curve C that ‘best fits to the plotted points P is calculated on the.

basis of fornula(S) by means of 9 a known iterative cal cul ating ;
procedure carried out by a conputer. This calculating procedure reveal’s .

accurate values for the terns ¢, [ERR] and [ERR] In the above manner fhe

magni t'ude of the distance vector 5 [ERFQ “and the depth [ ERR] at which

‘this vector ‘intersgects the axis e determ ed on {Lr? basi;s of the

_various differe oy, it Fﬁ%’s""&fcﬁr"’r‘i%ﬁngo\“%"ﬁ %ﬁ:(‘)"ﬁ?f MY EY &t the two
axi ally spaced respuver.sThis asdcdﬂatinmeocemb.trmamg aanrh@r valuesf

rece.r&/_ers at var%c}ugh%ietgwg I n tha%fl IFI ief well 30. 10 | f desired,

i nst-ead of provi SWwith an array of two receivers H and
H 1, the instrunent lnrm; #EW&I manngF othieduegniitude af the djstancehvestonr nore

receivers. | t5 Wig] ahe dlied&épi:thOQd dthahidnenits Gelior HhEers@btdhe ecei vers
has t he advant agéthat seyer al %e nts P f t he_curve can | otted

si mul t aneously, 3iBhbATe BHkaTRIREd, PO thes ﬂ’bist RE ?hr?sl'ﬁi'r?ﬁﬁtdjf]fleﬁe 9¢8
borehol e 30. Theinmetiex of cdrrdeakrafi ché Qchtisr itbgiidsude thle twe agisllgnce

vector [ERR] has.egh Aeser e NhelfboNs, bRk 4R 1ah100,01cA verti cal

relief well parasf to a OW nhg € appreéectated that
't he nmet hod can rmdﬂstSbetapp'ﬁ-ow d#ntf!ﬁ ftoatheomelisf weldl 3@ral l el or curved

bor ehol & coses, b gl ddiokadehs DU 6r ok Nha Sdcthaytl ]y Liuikagun. The

procedure for finding the azinut di stance vector [ERR] means of

t he i nstrunent 13W7I°§16Wb’§°2§verseﬁblaaﬁn§i[wxﬁ’&‘ﬁ lngreyment ol t“’GYF‘?‘i;s 2, 4
andL 5. Fig. 4 showe sroviaeswAeRidmoariaker fire@Uot mbee lndckitdra.Fig. 2 of the

e P e o b5 SRR cohe Bt 6H S Bhede B R HGREE S, e
sensors SlI-SlII. tixeeadvammahst several points P of the curve can be
15 plotted simultaneously. without lowering or raising the
instrument 1 in the borehole 30.
The method for determining the magnitude of the distance
vector Ds has been described hereinabove for the situation
of a vertical relief well parallel to a blowing well. It will
20 be appreciated that the method can readily be applied in
situations of non-parallel or curved botehole_courses,
provided that the course of the relief well is known.
The procedure for finding the azimuth of the distance
vector Ds by means of the instrument 1 will now be
25 explained with reference .to Figs. 2, 4 and S.
Fig. 4 shows a.cross-section_tsken along line IV-IV in
Figﬂ_z of the lower patt of'the instrument 1, at the level of
the acoustic sensors SI-SIII. The arms 15 are in the extended
- position thereof such thet'the sensors SI-SIII are in mechani-
30 cal contact with the borehole wall 35 at tangential intervals
' of 120‘ The orthogonal projeetion of the earth magnetic-field
vector on the plane of cross-section is indicated as N and
| the orthogonal projection of a position vector Rs on this

- plane 1s indicated as Ré The position vector Rs



30 cal contact with the borehole wall 35 at tangentiadl intervals ofr -
"[ERR] . .The orthogonal projection of the earth magnetic-field 'vector.on the
0 Ccross-section is indicated as N and the orthogonal projection of
[ERR] on this plane is indicated as [ERR]. The position
10 - extends from:thkelBntersection of axis | "and said,
plane to the source position S (see Fig. 2). Wth respect to the direction
of the positiextendgtixon| ERRintersection ofr tfiscliand pERRIplame ttoethd ane of 5-

~ cross-sectiong bos£hels qble 30 be divided in two halvés: a "front
area" 35F whi 0%1 |§g§3|qent ed. tovxe/ar grnt%r?e source. S and a "shadow ar ea" 35S

which-is orient ed VhER |EREPRRE \RPt‘H‘er dirpation pf; fhe PogtEiPnsveshor; e frequem}z -
conponents of R} hd. acmtstpfbj\uaum i, 0l ehéeglang dfans of the sensors SI-3edl.

10 are restricted oni | ter] ns,_tQo 2 f requency
band of wh chCT9RE E%ﬁﬁ‘iép ﬁﬁe Sereh g% %e %I"nf?%eedséf‘ ° of the

di aneter of thelvesk i ef"fredd aSés" 358 vehi@hsis (orienndstovgardsathet he borehol e
wal | 35 resul f the | [ ger in the
front area 35F 'Itl%ané %hgdlg %aﬁwgaa%\{)v?/% gra‘gm&g &Ea#eg:ag%%ﬁa%g% maxi mum in
the directi onvitf TesRecs &g eteeu sAnreerRky %fth%érmsrmvweeew ofis- a result

thereof the agmiiskbéstint eivdst ¥ ddtBbtedloyondad b thicséoen bIsSEDr SI |,
which is |ocated in the ront : grea, 35F %"écéég ﬁ{}Ilcantl Larger than the

acoust i c ot ef%8 FrAtTifted, ¢. EO by flectfﬂﬁ h&? Xensors SI and
SIIl that areftegnatexd bnndtdﬁewhiﬂdoheanrmeeﬁﬁdingl utahelehgags aaveobfFig. 5 the
acoustic inte o] S al ong the,
vort:cal axi S&?A\/\#déz ‘1% eeetﬁgﬁﬂeeé%%é Srra‘ijﬂe i#ﬂ? é&ri 5’6 zhé Q&%‘é%ﬁé’[ ERRY 9 of "
25 the senstptensity d| ettfévs mmrgle H@lﬂro33f Eeﬁvbﬂinxf@ﬂoﬁhﬁﬂ wvavesigram -
Wien i ndi cat i pgd Qﬁwéﬁngfﬁﬂfitamlea%roin tthe frontlaf@NISF tBhnOfn the

sensor assenbl its azimuth
o 15 QQ shadow arearyé R Jith a distinct maximun in the direction

of the projection Ré of the position vector. As a result

thereof the scoustic intensity JII detected by the second

gsensor SII, which 1s located in the fromnt area 35?, is

| significantly 1arger than the scoustic intensities JI and

20 JIII detected by the other sensors ST and SIII that are
‘located in the shadow area 353. '

In the diagran of Fig. 5 the aconstic intensity J de-
tected by each of the sensors is plotted along the vertical
axis, whereas the tangential position. i.e. the azismuth 8 of )

25 the sensors, is- plotted along the horizontal axis of this ' fk,)-.
diagram. When indicating the tsngential position of the first .
sensor ST of the. sensor assembly hy its azimnth BI; the
tangential positions of the other sensors SIT snd SIII of the

_ assembly can be indicated by (6 + 120‘) and (6 + 240’),

30 respectively.

o Subsequently the assembly of sensors SI—SIII is rotated
by rotating the lower frame section 11B, which carries the

.sensors, relative to the upper frame section 11A (see arrows



t angent+i al positions of the-other sensors SlII and Sl -of the assenbly cgn

be i'ndi cated by ['ERR] and [ERR], 30 -respectively. Subsequently the
assenbly of sensors SI-SIII is rotated by rotating the | ower frane se ﬂﬁ
1 B, which carries the sensors, relative to the upper franme section 11A
(see arrows - 11 - Il in Figs. 1B and 4),over a limted angle,

wher éafter the acoustic intensities [ERR det ‘ected by the sensors SI-SlII

and the novel azigufhep 'tiho LYesRefa angi PlOLLEH | Bndhiasdiaghgm of Fig.

9.5 - By repeatln t he ove rotatln E)Afottln procecfiure sever al
times a di agram é§°‘§r$éﬁ/niq'=ﬁnﬁ'§°351nm’ﬁ1 b’é B‘F%Eﬁécf e $ERMTBh di agram t he

sequepti al |y pl obteStITNidiIShé idvel 42QheEH 9dsbmhbec1ﬁeaspra&e$1o‘£l:éa in e on a
curve S with the Xj,mum th of Located at ‘an azinuth [ERR].- The azinuth
[ERR] 10 thus Fgﬂ BT Egt§§ ® azinuth orientation of the projection

[ ERR] of the 5o0sitioByvesteatijg-RRp above rﬂtptmg#pmétumspsmceéus)n (pl ane

this & tuation ¢ heriiat GOl usaBeds dn dhoked S45° 5 WELY bl plcushd® B7; 11
‘orthogonal proj eé®iGdchoiiagramshe\saquentialds ploshed tietmétae# Muth [ERR] of
| observed that i e e e o en. e i ERR
thgrfne:l\e/g in t KB &‘ed'égf: osated 8520 2ALRUR dei#‘ ’gﬂ'?"% honds to the
azi muth of tige pemid ifomd/anumatlas ‘they aglichithr offeatation of ithetprojectiom
o e 1ot ST e helbion B ARTASGREL AN i (1L % U ion Lhe
maknér on the basmﬁsoﬁeﬁtmnaénln‘%h“[{m either 25 by deternining the
course of the relief :weéﬂe 3&@&18@%%&9“1::%@&“ 3t gnd %ﬂiéﬂw@l??ra@t igns or by
| owering or raISIrgiight. In this situation the azimnth of the distance vector
15 'Es. i.e. of its orthogonal projection Dé on plane
IV-IV is identical to the azimuth B' of the position vector
Rs, i.e. of its projection Ré on plsne IV-IV.
It is observed that in case the relief well is curved,
the azimuth eé determined in the manner described above and
20 which corresponds to the azimuth of the position vector
Es, may differ from the azimuth of the distance vector
Ds._It will be appresistsd that+ip that situation t#e
. azimuth of the distance vector Ds can be determined in a
straightforward manner on the basis of the azimuth 8g either
by determining the course of the relief well 30 by means of
separate logging operations or by lowering or raising the
_insttumsnt 1 to such a depth in the relief well 30 that the
sensor assembly SI-SIII is located at the depth zg at which
_ ‘the distance vector Ds intersects the central axis of the
. 30 well 30, such that the vector Ds coinci¢ss with RS'

By combining the information thus obtained by means of
the assembly of tangentially spaced sensors SI-SIII on the
azimuth of the distance vector Ds with the information
obtained by means of the assembly of axially spaced receivers

35  HI and HII on the magnitude of the distance vector ]

s and



’ §
instrument 1 to such a depth in the relief well 30 that. the sensor assenbly

~.SI-SILI _is located at the depth [ERR] at which the distance vector [ERR|

i nt -A:;;s the central axis of the 30 well 30, such that the vector [ERR] 5 .
Coi W with [ERR]. By conbining the information thus obtained by neans * °

of tke assenbly of tangentially spaced_ sgnsor s SI-SIlI on the dzinuth of

the di stance vector [ERR] with the information obtai ned by neans of. the

assenbl y of - axiygl J“?" ngpeﬂ &ngﬁ.l VﬂssvéctéiSintﬂsg@@g il c V\ﬁ{é:&be magni tude of

t he di stance vecto he dept h this vector

i ntersects th@xdgmf Pea%léeﬁf"e%e '-'rhél P‘é’f’-%‘l‘l“ Fh% sﬁBE‘F‘E ilgR2ekon fe sour ce
location S ha%ahﬂﬁi&nde&ﬁl’:ﬁlﬂ&ﬂ inNafRcaGfdtedhsnasroner. |t wll be

ted that t te .r"
B ency band ai o HEHE.5e BFhAELERR Sl seadtesrifh AR RRREP' S s o
~sources inst hdnbhmﬁppgopﬁlatetmnudmw band @ésd) acatstit Savemn ebanatdhgct ed by -
means of the ifdshdinel=iiaclncOdtbustsd! blircedCa!thi HIMMLES SRLITRRSRONST i tute

of val ves, curvatures .in ~caslng en
restrictions, thecsourgetlgcatiomScran be derpcteddin means af sthepdnserad to find

the position glenpar,! sus dibeide! aeéuswélso&bewdabec&@um&é ggation S, It
wi Il further. be_ understood that ired, instead of usi a sensor o
assenbly wit h FhTR §'éﬁ?(ﬁ"§e%161§odé’s§§§g? j52810g; end§) OF ArRer ?ﬂ nunber of -
Sensors. ey beesseibtidme, ese. dh this easens che, insormene, cdmalshdeadvant age

el oo 0 BB A ahes Y B R b BB B B B i 9000

mechani cal can ween eac € sensors and the. Yo
bor ehol e vvaII theQsource loc@rfen ISy, it will- be understood that instead of N\o/ -

mounting the framerd by eALYERGE bEUIIBRSEIcY Shay Lt QB1bDE, hAWEIagend Of the
wireline that carries the receivers H-H |, the frane may _
_ of using a sensor assembly with three sensors also assemblies
15 with any other aumber of sensors may be used. The use of chreg
sensors; however, has the adv;ntége that.also in a borehole
' with non-circular croésésection always a good mechanical
contact. can be’ established between each of the sensors and the
borehole wall.
20 Finally, it will be understood that instead of mounting
the frame 1l carrying the senso:s SI-SIII on the lower end of
" the wireline that carries the receivers HI-HII, the frame may
also be mounted on another, separate, wireline that can be run
_'. into the relief well when :hé wireline carrying the_teceivers o
25 HI-HII is removéd Eherefrom. In this manner the determination | ~r
of the azimuth of the distance vector ]

S .
tangentially spaced sensors SI-SIII can be carried out sepa-

by means of the

rately from the determination, by means of the array of

axially'spaced receivers HI-HII, of,the magnitude of the
30 . distance vector Bs énd ﬁhq!depch zy at whiéh_this vector

intersects the longitudinal axis of the relief well.

-



al so be Tounted on ‘another, separate, wireline that can be run into the
relief wel] when'the wireline carrying the receivers 25 H-RIIl isr ged
therefrom Fn this manner the determ nation of thﬁlmmmrmlﬂmltm

vector [ERR} by neans of the tangenti.ally spaced man be™
carried out sepa- rately fromthe determ nagtion, by nearts 8f fhe*array of
axially spaced receivers H-H I, of the Tagnitude of the 30 di st ance
vector [ERR] and the depth [ERR] at aMf.' Xhl EQSS vector intersects the
~.longitudinal axis of the relief well= - 1. Method of deternining
the” subsur f ace position of a blowing well wth respect to arelief well,

t heg[et hod com ypri %g&ao{x% akefaid {ng( @Le%?gﬁf]e ¢ smm wfa!.' ty of

| ocat'i ons al ong .t he axl| s acousti c waves
~ emanating from PLeWRRFeRE & FBC@PPB?F &P & rrelpebedds \ﬁemmeﬁ#a R8®ST v ni ng
tthe difference |p|}151ﬁ§3$hafsuap§|oﬁal of the waves at said axially spaced

| ocations, and (b) d ting,the waves of ,tangentially 10
spaced | ocations alo ﬁ c&ﬁgg 55 & uéai,%ﬁy' Qt E{%@I ? gwgﬁe and
nmeasuring t hB adongituiinal existof theulelief) w[ei.bmctohet:wavmsatemmmgf sai d

t tiall h
\Aﬂggglnnl ?hedeFe%%tgﬁoin%g?L‘g%%Ee %ca\ﬁ/jé‘;\gegfantmesg?ﬂﬁ§§ lnggd ggég&?oca%l ons is

carried 15  outthsydififgrencer iatimes Af srrivaduet | “é‘er‘é%'eisv%‘F $aldhe receivers
bei ng suspended ,a‘gamyedgiammibﬂﬁ £anal s along the longi- tudinal axis of

th i ef [ hod d wh th |
prﬁgdlrjgeljebngach of g’r?e PEREE] Qgr‘s‘g;s#"reglsg%ﬁslgﬂf‘?ﬁ% %ef%‘??%;g#\% © SI na

adquisti ¢ ‘waves |s$at¢¢1rlsuatitoad 4longsilid aherterebsiengallhiof, then rebiefh: a) t he
stgnal produced Jayy CAa" nLRHE1NE "ehle SaddiBRLE Wteddich "Fosti1 U1 %:w%eobt ai ned

are correlated inor
" waves at each of said tangentially spaced locatioms.

2. The method as claimed in claim 1, wherein the detection ,
~ of acoustic waves at said axially spaced 1ocstions is carried

15 out by means of an array of acoustic receivers, the receivers
_being suspended at predetermined intervals along the longi-
tudinal axis of the relief well., '

3. The method as claimed in claim 2, wherein the signal
produced by each of the receivers in response to the detection

20 of acoustic waves. is transmitted to a data processing unit, in

~ which: ' ' _ N
_ ‘a) the signal produced by each.reeeiver is recorded;
b) the signals thus obtained are correlated in order to
' determine on the basis of time delays between these signals

25 the differences in arrival times of the acoustic waves at the
various receivers; '

_ c) the distance between the wells is calculated on the
- basis of the arrival time differences thus determined.
4. The method as claimed in any one of claims 1-3, wherein

30 the detection of acoustic waves at said tangentially spaced
locations is carried out by means of an assembly of acoustic
sensors that are in contact with the borehole wall of the
relief well. '



determ ne on the basis of tine delays between tmﬁ‘s\t—he o

t he a al - tinme differences thus determned 4. * Tl laimed in°
any ome”of claims 1-3, wherein 30 the ldetection of acoustic waves at said
tangentlal |y spaced |locations is carried out by neans of an assenbly of E
acoustic sensdrs tThet meghodi as cdalmed ini¢daimhe, wberdisl chevazimeth pifie rel ief -

vel I, - 14 :he51°ca:1&? olfeamdoe&hsl SédRAs! s qhaémiﬁedvmﬁr Gilhdelle azinuth

of the | ocation of each he sensors is determned and related to the

intensity of &CotR& |iet9&f\?'é¥ Ao BEREICt YRNaSLTeTartet dReTRRY fArneFdefe radi al ™,

direction of tdaeffdd)%eg_-auchi m&&foesaewhe&low&ﬁg tRalreidhetesprick. 6. &,{, S

Means for deterninin surface position of "a blowing well wth
respect togia r@nbé? %&T}}e%#{g means com prising an array of acoustic

_receivers car i.ed Megnanfcs! detgrminicg thsl.qsqbeutf,acehuomwn wdr 8 bei ng. :
connect ed at %&Wg&rimf%m%%x@é %on% %Jl?ngihteuﬂéélél céud s of the

support, and a carrying an asse acoustic sensors in such a
manner that .e®XEhSE¥Esor is novable in a substant ially radial direction with

respect to a centrg ag¥ds off adduseid &%eiv]e'is c&riedﬂ?eam%& @ce Claimed in
claim6, werein the S, port, consists of a su‘*)por ﬁe frame bei ng

connect ed' Yo HRPIRSMeFD r’r‘&cﬁ‘"trﬁeb'siﬁﬁp‘é‘ﬂ“&‘éﬁ 8tsP ?ﬁlaefﬁ’a‘finf e central axis
of the frane dotmad.esalonghthmdohgnydﬂ.wm axis ofi shofsuppaﬂ,omd part of the

support cabl e. o EREHIRARS ey BEhdllefloluBhbodd! of tr i n the

acous- tic recel vers are ophones
of clains 6- 8a paRnes; phat each sensor is movable in a substantially radial

- direction with respect to a céntral axis of the frame.

15 7. The means as claimed in clainm 6, wherein the support'
consists of a support cable;-the frame being connected to the
lover end of the support'cable such that the central axis of
~ the frame coincides with the longitudinal axis of the lower
part of the support cable. _ |

20 8. The means as claimed in claim 6 or 7 wherein the acous-

| tic receivers are hydrophones.
9. ‘The means as claimed in any one of claims 6-8, wherein '
the acoustic sensors are accelerometers suitable for measuring
accelerations in three mutually orthogonal directionms.

-dlffer es in arrival tinmes of the acoustic wav jous ’
recel; c) the distance between the wells is ﬂ"ﬂ”ﬂ@ﬂgﬂhﬂm basis of .

3

as . I'n any oneu

25 10. The means as claimed in any one of claims 6-9, wherein O

‘the frame consists_of an npper and a lower frame section, said o
sections being rotatable relative to each other about the
central axis, the lower frame section including a'plurality of
pivot arms, each arm carrying an acoustic sensor and being

30 pivotal in a plane of rotation traversed by the central axis.
11. The means as claimed in claim 10, wherein the lower frame
section includes three arms being pivotal in planes of rota-

: tion intersecting each other at angles of 120°.



—_—

the acoustic sensor’s are accel eroneters suitable for neasiring

accel erations in"three nmutually orthogonal dir ecy .am 1NE MEANS
as clainmed i‘n any one of clainms 6-9, wherein the”'mﬂw, HI silltf an g?{
ti to )

y

and a lower frame section, said sections being rotatable ne q
ot her .about theé central axis, the | ower jrlgrrg section including a plurali#
of pivot arns, each armcarrying an acoustic sensor and being 30 pi vot al
in a plane of rqyatigQ &é&‘é%?ec‘ia@{eé § SQOh" A, BHisuinlihe aHIE JTGANS as
clainmed in claim10,”  Wherein the [ower frame Section I nc L3ES” three arns
. bei ng pivotal |meprhesloferr gnde thexnef| pravided mish heddns afhetbratiemgl es of

[ ERR] .- 12. ThEsHRARE dastetisl,"RHe idtots@ld sddsoryEdRigNede@dad M are near

t he N-Oower ends ther-eof “provi ded with bodies of vibration absor bi ng
material ,- the acd4dthodi®®nsors being enbedded in said bodies. 5 13. The
means as cl as med3in THeamédnb2as dlatwéd) thhelaippk?, whereinselnd upper fehngles a
conpass and neans [ ring the relas ti ' e t frame
sections, said r?r?ﬁgfﬂnl gggfr?gﬁgﬁsaqéﬁap%gnﬁ%%geﬁé?nf’gggig'lrlleacsg%?g%tﬁgﬁ W th
means for det er rtilme rapglachexween tthe pirame| sgctdpns heatd oeasuningemradss carri ed

by the 10 'Omﬁhdféﬁgﬁsf%ﬂ‘e&h?% ¢nmut1 ERARA th HEddd BbPidaletdig agbS U f ace
position-of a bl ow nzgﬂl\éve |l wTh f well substantially as

respect to a relie
described with rt8ecszdmeeh poskrinn of fhe acopstic semgorg caFTiadyLY ith8 dr awi ngs.

15 15,  Aloret hedef Frafi@tsRetisti.ng the subsurface position of a bl ow ng
voLL et reonet. % dupdl il ARG AL W itrlle SRRRSSLD
di\awi ngs. . blowing well with respect to a relief well substantially as
' described with reference to Figs. lA and 1B of the accompany-
~ ing drawings. '
15 15. A method for determining the subsurface position of a
blowing well with respect to a reliéf well substantially as
-described with reference to Figs. 2, 3A and 3B, and to Figs. 4
. and 5 of the accompanying drawings.




