2148002 METHOD AND MEANS FOR DETERM NI NG THE SUBSURFACE POSI TION OF A
BLON NG VELL W TH RESPECT TO A RELI EF VELL The invention relates to a

net'hod and neans for de- ternining the subsurface p05|t|onn2f ﬂ} ng @
well - fromwhich fluids such as oil or gas escape in an u an@ %\é\h

manner - with respect to an adjacent relief_well. 5 is known in
the-art to stoptheflowthroughablovmn vveII by driIIingarellef wel |
frokea surface |ocation nea Rl klpE I%Grellef well is

drilled with the intention of 1 nterceptl 1_S._the ovm ng wel |, preferably at
a subsurface |ocation neaTBEnSUBSERRACH BOSITION OF A/ BJO¥ING at 10  which the

fluids enter at high vel ocigkyr Wiy WskBOr @0 A REtnEVIwELL he i nj-ection of
wat er and/or weighted fluids via the relief well into the blowing well. It

is furthermore known in the art to make use of sound waves emanati.ng from
t he bl owi ng well to Thei titienthen delitesngo b methhid end imeansfforrhde+ el i ef wel |

towards the bl ovm rginvi%a 'E}’eu§“*)§*t”gﬁ %ggﬂ%hc#i ogl%i%ﬁ%gﬁﬁ 3 Ioses an

acousti.c-wave rece|V|n ower e to arelief well to
detect acousti cM@bﬁhﬁ%&thﬁsf pbknoanswjeam 1p| aniepeenteEplleadn order to

obtain informat igghn &N BERWPREsgdceNEo Qb Adfacukt Ir'ilz&lf wel® ative to each

ot her. US pa%ent specification 3,722,605 disclqgse nst ; r
finding the Padial ditr &8tKR9WR G £he) aFhi FRy %@?It%\ﬁl ? ébﬁ%’@%‘ g‘j’qﬁ“ i ef

wel | . The instr w@eDtbyc @pylliagsa xepief akil froh £ @oxsidec lo@rdbnarearnount ed at

various tangenti lL}}/]Iowga%?d#lO%chon§e9$e@w2ilf)lisar qug! Hg’ch 25

ousing is inser R e A-rotating ari string
I ted in the riskemtfioncéd in%frmnm ithe btlowing weldli prefensbdy afoend waves

emanating from tstlﬁs@f%% n%c‘ﬁ%ién lf Rie! 85026014 alsbﬂrc%”af&iﬂgﬁ §evers an

|nd|cat|on|s obt aln adial orientation of the_ bl ow ng well
rel ative tol®he whieh ghezfluidgsnter at high velocity the wellbore, to

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
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 finding the radial direction of a
= blowing well with respect to a'relief well. The instrument
: comprises a plurality of acoustic receivers mounted at varioug
tangentially spaced locations on a tubular housing, which
25 housing is inserted in, or forms part of, a non-rotating drill |
string located in the relief well. By comparing the arrival
~ times of sound waves emanating from the blowing well at the
tangentially spaced receivers an indication is obtained of the
radial orientation of the blowing well relative to the relief
30 well. ' '

.



-2 - Although the known instruments may provide useful infor- mation on

‘the position of the blowing well, these instrunents are not able to
indicate the position of this well in a suffici ently accurate manner. 5
: Oojf of the present invention is to provide a nethod and neans for .
-acc ely determning the position of-a bBlowng well relative to an
adj acent -relief well. The nethod according to .the invention conprises the.
steps of (a) deteailicheught the pdnumlﬂneynnfenh:eoﬁyl provide ongefuheidfengi - 10 ’Ei_/"‘g.-
tudinal axis ghe}dleoholdeeh L UBL LR Ve P URLL Sl Al § U051 A0
| ocation of t oW ng P eterm nin fe erence 1n trmes of

“arrival of t hermSalale $ai i-;‘fldé-%#%ﬁ |the spnsdstion o athignwellda #b) detecting

~the waves at gupﬂgﬁhtiyyaegu,_tﬁ@gﬂﬂngal |y spaced | ocat i ons al ongsi de the
bor ehol e Il 15 _ of the rel ief well and neasuri n %acoust ic intensity

resul ting 1rom t hObJaSe ofathe ERseRt %‘é‘f‘?ﬂ‘ti‘%d@nf? &cBethodcat i ons. The
means accor di laﬁdtﬁahbefdrnledﬁrlaeélycﬂﬁpénﬂﬁingrtharﬁﬁitmén afoudlowifigcei vers

carri-ed by an_elpn ort 0 ers being connected at
predet er m ned" |#1fer%\i/13 iye gnagj1 ?ﬁieaﬁegﬁgﬁnal neﬁl\iém s of the :support, and a -~

~frame carrying an @smeﬁhbsl gricogdings to cthee invantiom mhisesnahm@rtepmat each
sensor is mV%?'fa)' ﬁe@e&!ﬂét&nh' ﬁ‘idrﬁliﬁd'ofl 1682k 8644 Q@oﬂ%ttﬁerfo%ﬁ%ct to a

central axis of frane. Re 1'nvention na e carrired into
“practice 1 athdinsdr aghs \Réy%heoﬁfutﬂfe“%]&eéF?‘ﬁfiénﬁY(ﬁsnﬂﬁmﬁHs £58® be .
expl ai ned by wayumrembeawohhof eherwweng GrelllD CariliC @€@¥RANIAY) tHEAW NQS, i N

whi ch Fig. 1 rEy el evation v ew art o i nst rument-~ -
according to ﬁ ﬁ-&%‘hfﬁ“ hime_s % g‘?{?&’{? vfﬁﬁaﬁffﬁ‘}g | ower par t's~’
of an instr unspeceab&ocahings,t @nﬂhéb)l deeeuuioa thei gavezz showplaraidtyi cal

section of a Beiddunbiithy Yhetl Pckeli allgsshl MY Glkehdge Waghr urent of

Fig. | 1s suspende
15 of the relief well and measuring the acoustic intensity

resulting from the waves at each_of_said tangentially_spaced
locations. ___. o S _ | _

The means according to the invention comprises an array
of acoustic receivers carried by an elongate support, the

20 receivers being connected at predetermined intervals along the.
longitudinal axis of the support, and a frame earrying,an
‘assembly of acoustic semsors in such a manner that each sensor
is movable in a substantially radial direction with respect to
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
which } . |

. Fig. 1A is an elevation view of thefupner part of an
30  instrument according to the invention; =
Fig. 1B is 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- Fig. BAillustrates the difference [err] in arrival tinmes of acousti
waves ori gi nat i ng fromthe blow ng well between two acoustic recei vers@
I's

the instrument in the position thereof shown in Fig. 2; 5 ' Fig.

a diagramin which the neasured tine dif- ferences At are plotted versus
the depth position of the instrunment in the relief well; Fig. 4is.a
h’oiiazont al cross-section of the relief wefl” taken along line IV-1V of Fi g.
2;~&nd 10 . ggp ' [

sanpl ed by the acougﬁc?’éejhsé’gg gn#é]d%%%}ﬁé%? ig%r%%&al Q?,SQSS her eof

shown in Fig. 4a¢onsplomases ofiginatingfram theebbgp@s weldt be#ween twest runent 1
according to thﬁcdumff@tr‘eggivéﬁ‘g'@f‘tﬂ@rfns(tgmdtsfé A g&gﬁxo@fghw&facous- 15
tic receivers H_ and . The receivers are nmounted in protec- tive cages 2
that “are shapedSIH‘J’naPH F’-ﬁ entralizing the receivers in a borehole (not
shown) . Eacls cage 2regimBi s€a afegigfein eaﬂctseaarﬁaasérwdme laager end
section 5, whicph secti Qs &I e |§£g rconnec% cATBans on ogrﬁ_‘ehol | ow r ods

6. The cages 2 encet e At l?&e G VET el 385 I"e~3 in such a
manner that theilnsscunensy in-ﬂheandlildlflw@lrle arranged at a predetern ned

interval along the bP@.g'at Hﬁ'a”ﬁlarf‘i&hﬁai cQBséJL%cEPJH £ 3the P@lﬂfpi?é’flt cable 3

i ncl udes various power - nal - transmssion lines (not shown), which
Iines pass throEEfI‘F“tﬁJé’“zSu“eci of\Fig.t B @@Ad sections 4 and 5 and the

rofls 6. kTher pacoust i gig egsewﬁr_giﬂrﬁanﬂh Hhiclﬁrtﬁ_e[)e&ﬁ:ﬁtﬂ q&taasa:?yﬁr ophonetS_ of

a e known per_s | rophones are sujtahple ansduce acoustic

vvavgg det ect eg ?ﬁ?@ﬁ&%y}r ﬁg% %8??%5%8?%"@ ﬁéh??ﬁ‘@cg‘f‘ﬁﬁl én r‘%ﬁe way in

W‘n’ch el ectric pasjudbrs thevehfceboB0in Mig.t helsr ptettedis H and HII are, after
lif t dt 1S Ig I

ampl i fi cation’ and gansThsad HCLBle Yhee WPCar HBEhildne P Heistdlg! | nes,

processed in order to ‘determn ance between a blowing well and a
relief well wil¥osBecinyenrinngd whidh pettccerprises m grray? of JywoaAeows.

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 borehole (not.shbwn). Each cage 2 comprises an
upper end section 4 and a lower end section 5, which sections
are interconnected by means'of four hollow rods 6. The ceges 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
eupport cable 3 includes various power- and signal-
U | 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 plezo-electric hydrophenes
of a type known per se, which hydrophones are suitable to’
i transduce acoustic waves detected thereby into corresponding
electric signals. The way in which electric sdgnals produced
30 by the receivers HI and HII are, after amplification and |
transmission thereof wvia the eignal-transmissioh lines,
processed in drder to determine the distance between a bldwing
well and a relief well will be explained with reference to
Figs. 2, 3A and 3B.:
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P

meﬁ?rl“‘aﬁi tleéJl% Shﬁ-.frkoé%n -arh!?orleﬁMfé sTﬁpe@%;e.vw szmgnection
by nmeans of an as

col |l ar

rod aslid
can be act bated? tg”(?eaii‘f Figy él 85¢ zfd:ea ?é‘lpaﬁ %Fotbceﬁ'§°§i?é'f’9t nglgy neans
of a suitable aehhédted waﬂaammﬁmge S0M8MIP. to a collar 17 which is

20

25

_simultaneously from a_retracted position towards an extended -

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. lB) 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

| position thereof by neans of an assembly'of levers 20. Ihese

30

levers 20 are each at one end thereof slidingly connected to
one of the arms 15 and at the other end thereof pivotingly
connected to the shaft 13 The 1evers 20 are in comnection by
means of an assembly of rods 2] with a sliding collar 22,

which collar can. he actuated to be axially displaced relative '

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

shown)



Wen the' slidi ng collar 22 is noved upwards relative to the shaft 13, t/ﬁe\
arms 15 are pivoted sinmultaneously to the extended position thereof, l
whereas the arns 15 are sinultane- ously retracted in case the col | ar 22
noved downwar ds '5 relative to the shaft 13. Each arm 15 contains a

si gnal -transni ssion |ine (not shown) for row ding an el ectric connecti on

bet ween the acoustic sensor SIl or ST carried thereby and signal -
anQlification nMeansu{Ro g % a ?ﬁl dURg toSEection
11A. The acoustic sen:gfo%'%es ? g E&ﬁ%ﬂ} 1ga'%éel'eet ri-axi %I acce er orret ers of

" a type known pethesshafithiZh the cammer Hherernivated sdmnltaneonsdly £ thef| exi bl e,

vibration absoréa&:eﬂdénaaaﬁcﬁa tHaQesH rr&h&s”eaesaw a#fis B Ef@%dﬂﬁﬂ&neﬂ an
el astoner) to i de- acoustic deco I|n en th celeroneters

and. the arns 15’“3 Feippeheds 19 fased FFs B ved b %‘frﬁ’é‘§ % he actuator
mechani sm f 6r Sdelldtiv@ thecheokhafit P2, - a rrechanl smfor rotati ng the shaft 13

over any desired an@cﬁagﬁptli% éJﬁ%a%% Liﬁ{H-E'?a%@ﬁ];sq &%urdl&g the angul ar

di spl acenent of the's per frane section
11A. The upper shoumk forcproyhdinmgAah slektrid gorastsdon hs@mshenot shown) for

measuring t he Chrcbﬁé‘éﬁt bQﬁthth e%fIIV\S:t Brff%aﬁﬂedt ehéfedy B QUggalli € d of -the
earth. It wll ggremate nbi ni ng the data provided by the

‘conpass with t H’é‘PH apicn, meaRs By%aﬁ ""Fﬁeéﬁ?’%d 1g gheupper, f?ﬂj‘et he angul ar

di spl acenemd ofsetbforshdhi The &dcuat{diskasovar 61] rTar 4mf SDIT iaxepr ovi ded on the
azi mut h posi - tlgn of -the Zhaft 13 agd of thgqacoustlc S&NSR' S SI-Sl
y 2 REr

Garried thereb Fﬁiatlhﬁc ﬁﬁ“bgrtef%a HRdPHG 8o ¥ bserved that 30
\n¥this speci f iacaelenomaters are le@ch| sdcozed Ha azﬂheuﬂhleof vtbmttmr i s defined

as the angl e megg ﬁ‘i‘x | Barfhe @ﬂ%heréﬁggwq'suﬁgtakhmege %Jngaﬁ Sal between

the orthogonal pro ec |on 0 e vector on t he orthogonal
proj ection of telas W &0 pEGde acqussie %eﬁblrinSanW&?—n fihgne.

15 accelerometers and the arms 15.

' The upper frame section llA houses, besides the actuator
mechanism for sliding the collar 22, a2 mechanism for rotating
the shaft 13 over any desired angle about the axis I and means
for measuring the anéular 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

25 for measuriﬁg the angular displacement of the shaft 13
straightforward information is provided on the azimuth posi~
tion of the shaft 13 and of the acoustic sensors SI-SIII.
carried thereby. . ' '

. For the sake ef ready understanding it is observed that

30 in this specification 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 orthogonal projection of the

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



-6- Fig. 2 shows a blowing well 33, through which well 33 fluids such as

Oi I?(Qﬁ\ gas flow in an uncontrolled manner from-a downhol e source |ocation
S‘to\;[‘_? earth surface 32. Arelief well 30 is drilled froma surface

| ocatton near the blowing 5 well 33, with the intention of ihtercepting
the blowing well 33, preferably near the &curce location S, to enable the
|nJect|on of water and/or weighted fluids via the relief well into the -

bl owi ng wel | 33. AfFig. Restowal a Gfloving oell|33ngtirovehbibichrablt B2 rel i ef 10@

wel | 30 the ins )‘luligg\';&ncix &4 oEigandlﬁ%éI?lP@eﬂi IaQ"@fc%ﬁtrJﬂletﬂn%eWeﬂo 30 at

-the support cab ch 1 s suspe roma reeling drum 31 -at_ the earth

surface 32. Durd dgvebpiel WPnbOWEE%(ﬁJFE thecearths ssgﬁece - fheedefne 11
“are in the retraateso RASEFi10Rd fromt Besutitheetlotst SA0HEaY Rh&EitLowng he

nst rument 15 the o rte tjon wt a inthe e ded
oot ton suth crekt $Hhe A 108! Bietfudy Setd etttk o BRelal voft £ Pho

borehol e wal | 33, bneferabbaseanfttangotmcealomim@)t tofenahke ithet rument 1 in
the borehol e oryREARe C ok NGarkViilay b AL GREGH r201dkl Bud SOt aigd alpalive to

t he upper frarres" are retracted again to avoid
danmage to the stﬂisoﬂ!# bipelagnwekluddnt is centralized in- the relief well 30

such that the axis Aféa‘r bdYoviall SEF ttﬁsrarimﬁgclagsanwyt&amehé Qagies t udi nal

axis of the relief wel The poi nt _of oseséﬂegproa h be&v&en the source S
and the axi'@ | ¥eil |?1%I|t5‘5t%‘tf"ég”ﬂfe 18; o epncioered Intenthdsying X at
whi ch the di st w2 S@citothd enpbonmtemnaeotchicheiamuspéndeﬂ Fomnted at a depth

wh t t depths » -~
[err]. uhor 0ns LU OGOl ook SEAE Bebles?Ss, BiLuff Gyh BN SePt e
be expl ai ned hamnmeomhwazmsrbﬂeﬁetrﬁ:éh#ofﬂmgsll argrih Ihe (regopeted err]

gnd * ggu'rieggt h séEﬂ?n I3t ARCEIUARESE dowd'fh @legerznwaqnbvnmﬁu{strurrent 1
y lg’ 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 11B is rotated relative to the upper frame section 1l1A
20 ~ the arms are retracted again to avoid damage to the 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 § and the axis 1 is indicated as the - .-
25 distance vector ﬁ The point X at which the distance B -/

~vector B intersects the axis I is located at a depth |

Zgs wher:as the two acoustic receivers HI and HII are : T
located at depths zp and 2z 11° respectively, in the relief
well 30. " .
30 . As will be explained hereinbelow with reference to Figs.-
2 and 3 the depth Zy
D are determined by the instrument 1 by measuring, at

S
various depth positions of the instrument 1 in the relief well

and the length of the distance vector

30, the difference, if any, between the times of arrival of
35 acoustic waves W originating from the source § at the two



various depth positions of the instrunent 1 in the relief well 30, the
difference, if any, between the tines of arrival of 35 acousti c wav W
originating fromthe source S at the two - 7 - axially spaced rec<§§grs
H and HI. As wil be explained thereafter with reference to Figs. 4 5
the azinmuth of the distance vector i_s;determ ned by the instrument 1 by
maasuring the tangential distribution alongside the borehole 5 wall 35 of

thE acoustic | BLE3) { 9pal 88 ek brls RINdHAOIHMAVRS MABYbRABEasi! N LhI oo

tangential |y spaced’ acoustic sensors SI-SITI. The violen | ux of fluid
from the reser ¥RfTeaf % Vi He TpEFTasGPet B T1g8- thand oy the azdmuth 88 theyi ves rise
to acoustic 10dist\éﬁiiesve\%61hdis wm&eﬁi&eamyouua insersmnithl b¥he acoustic

waves Ware, after et tlonthe recgive

transduced i nt B%3FUE ?? St ErS a‘il'ﬁ sb%lié Pc? ?“&ﬁ%'?e Lﬁn °5u§%JCF in a
certain intder ve4lloBStofinghe drpustic dlppmsitnwsubtinul frams thewageer ed in the
Upber o80T am §f deifls c¥iend tncedliShgaR ity YREL lubpdldldbedspapsduced 0

the same inter omer r‘ecel ver I's represented in the
I'ower di agram 8F-5%g: 3A As |IIustrated in Fig.: 3A t he shapes of the

signal s obtained frravidEedteaBEUSY O Fhue'adfﬂdhl :1@4 Qesémoliarin:lauehé here 20
gxists a time d{_ﬁ At,.bet enthese Si naI %lme del ay _g¢an be .
det ermi ned acct® éF?/ 1y atr ss?:"cfrcf"'e} ﬁ ‘é?sgﬁ t8b?%ﬂ‘%é§°f rom t he
recei vers 14 awavesl W.thBiteptdpagatie|thyough ehmalasthhd’hehédoese:tmaaves 8rrival
tiges of the a P&S%EEeé"@XP&c\%&‘tthw&f % eéﬁ’eefrg Qﬂ'g %Chlt §q Girif, er ent

\di_st ances bet ween coustic urce he recelvérs H and
H 1. Wen the txangduced datesleetrig eignalse Thecelpcsripradgngh- tion c through

the earth fromidaasesd a8 asc"thiiheiﬁﬁ%QC@E tiMENS byl eran@pgdd . it will be

understood that said tlrre g |s pr ortional to the diff rence I n
di stance Ar beFgiedmendiit Fhéeg @ MPRebrdipgran af figer and Hi I,
si nce 15  whereas the electric signal trsnsduced_in_the same_ieterval 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 betwees these_signals which time delay
can be determined accurately by cross-cerreiating the signals
obtained from the receivers HI and HII._The time deiay At.
equals the difference in arrival times of the acoustic waves W
' ' at the receivers due to the different distances between the
25  "acoustic" source S and the receivers HI and HII.
N | When the acoustic waves W travel at a speed of propaga—
tion ¢ through the earth from the source S to the two recei-
- vers HI and HII,.it wili be understood that said time delay
At is proportionai to the difference in distance Ar between
30 the source S and each of'the_receivers HI and HII, since
Aﬁ . l.; Ar_. : o - ) (1)_
c ,
In case the axial spacing between the two receivers HI
and HII is defined as 2Az and in case the depth of the



[err] In case the axi al spaC|ng betmeen the two receivers HI and EIl is
defi as [err] and in case the depth of the -8- instrunent 1 in-the
reli |1 30 is neasured by nmeasuring (by neans of a depth meter at the
reel ing drum 31) the depth [err] of a reference point Mlocated at the

m dpoi nt between the receivers H and FWIS the dlstance di fference Ar can
be 5 expressed in ter nula for .

-rectangul-ar trljé‘ﬁlj?‘g'?“t r‘?‘@eﬂLT glghe é\ﬁl Ohi? omrer?u %gg?r'an?etaﬁurn&gm tude of = =

“the distance ve(bwomeam@ @Hrbidepttt oatex atothmhraeli(nk) dewwd 3L 2)thgi dexrh [err] In
formula (3) th SE&Jen&:? @oiserﬁ%eazeé Qe iy m&ﬁisk Petweed S MEASUT ed

by nmeans of the ept net er he reeling drum 31, and the

termAt is det e PReeivers @%pﬂﬂ FFEH’ Héﬁe‘?#ﬁ?é?%? éliffﬁreé‘ﬁ'-es%‘ &8R 8% ating the
[Slgni’vlls gbtgl n]eai Eéﬁ@d})h@de@ﬁ@ldfeb Hl ahlhIAz E];beryﬁhb agérafser[]rs to wit go
err] and [err], are, syubsequen on the basis of the various
tinme differencé® amg CL(?& %}éﬁ t'rFZ“Pﬁ uﬁgthct *1 is located at various
depths in the rellef well 30. Plotting of the time difference At neasured
when the i.nstrument,,l W\Mthln a certain depth inter- val
in the relief well %O (slkh that fwe re erence point Mis 25 | ocat ed at
various depths [err] will reveal a plotted diagramas shown in Fig. 3B, in
whi ch diagramthe plott¢gE RO(A < £ 11 @z - Wi th sone scgfyter - on a
section of a single curvesC §Bbs uently, the curve C that best fits to
the plotted points P is calculated on the basis of fornula (3) by means of
in which formula D. is the magnitude of the distance vector

Ds
10 -ﬁs.

Combination of formulae (1) and (2) gives:

bt = % { ?_’17§+ _(._zx -z + 4z) 2 -

/E§,+ (zg - 2 - Az)’j} @

. 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 ternm At 1s determined, as explained
hereinbefore, by cross-correlating the signals obtained from
the receivers HI and HII. The other terms, to wit c, Ds and
Zgs are subsequently determined on the basis of the various
20 time differences At measured when the instrument 1 is located
at various depths in the relief well 30.
?lotting of the time difference At measured when the
instrument is lowered or raised within a certain depth inter-
_ val in the relief well 30 (such that the reference point M is
25 located at various depths ﬁu) 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 calcnlated on the basis of formula (3) by means of

x

g -

o ®



-9-.a known iterative calculating procedure carried out by a conputer. Thi
cal cul ating procedure reveals accurate values for the terns c, [err] an
[err] In the above manner the magnhitude of the distance vector 5 [err]™
and the depth [err] at which this vector intersects the axis | are

determ ned on the basis of the various differences in tines of arrival of
the acoustic waves at the two axially spgbed receivers H and H|, when

' O&,tlonlng sald a d al duet ellef wel |
50.10 R R S T L i R AL et
array of two rGGEPW-'GFS ﬁiSamqqllatiqsherqmtzm#emals aesuusse ayadyepr ovi ded

With an array @heliHeSees BDIL bRED YErs. It will be understood that the
use of three or nore receiver& has the advant%gfe,ﬁt at ,several points P of
o)

the curve can be 157 Fh®3Pave JeRptE ihe FREEPFRFSSFOT ai si ng
the instrumént D), amd the duptn et%icﬁhmmevénn&rfnttedséafmlm ng the

magni tude of thg,dista Ca%:?é?&#n%d > 8a% 18 o f%ﬁ&ra{){%gg\?i‘n%&‘f;k%%}_(f for the

si tuati on of avertlca para
be appreci at ed irhtimeshef mertval eﬁrtheeamusyibevaarpplateahc ri:wgu axialilyns of

non- paral | el Orsﬁﬁéléd/%gcbi%fe‘%gcﬁleaﬁ&“ﬂﬁeswheﬁrWéi@@%i&&%aidﬁﬁrwwe of the
relief well is known. The procedure f find |n9_ zimuth of the distance

a
vector [err] byeReLiess At f’HEi"l“ﬁsfl‘FRﬁ?én?n £hei Feligb\iedd expl ai ned with

reference 10 Figs. 12 ddsired, Sinskteégd of prdAing ¢heéSthste@idn@nl twvillkBnarl ong
line V-1V in FEi

rt th st runment 1 t he | evel of
the acoustic s@ﬁg%yr {:""SlrFfeiofﬁ% é;"flﬁ%d %[Iartgl_e ngLrument enH%tb osition
thereof such t ladso torovidadswith 8h- Sivay of ¢hree mwacherd re@fiversalltcontact with
the borehole waki13n dé:%EQ@cf"thQ& dh@t@éevéksuﬂeel@moﬂ‘ere%ﬁmoﬂéé

projection of the earth magnetic-field vector on the plane of cross-section

i s indicated a$hpeadvpntage Fh%ﬁ @FY?R?&OH%\#“&BJQ?CFPWF“E‘FG £23BoB¢ t i on vect or
[err] on thbs phafed Sidildekedudly ASvikRéud 1dGériRgSse Iraﬂsmcmé R
instrument 1 in the borehole 30.
The method for determining the magnitude of the distance
vector ES 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 borehole 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 5.

' Fig. 4 shows a cross-section taken along line IV-IV in

T

Fig. 2 of the lower part of the instrument 1, at the level of
the acoustic sensors SI-SIII. The arms 15 are in the extended

S

position thereof such that the sensors SI-SIII are in mechani-
30 cal contact with the borehole wall 35 at tangential intervals

of 120°, The”ofthogonal projection of the earth magnetic-field

vector on the plane of cross-section is indiCated as N' and

the orthogonal projection of a position vector R.s on this

plane is indicated as R' The position vector Rs



- vect

-10- extends fromthe intersection of axis | and said plane ' to the source

posi S (see Fig. 2). ‘Wth respect to. the direction of the position .
@err] i.e. its projection on the plane of 5 cross-section-the

borelfele wall 35 rmay be divided in two halves: a "front area" "35F which is
oriented towards the source S and a "shaci@w.area" 35S which is oriented
backwards with respect to the source:S. If the frequency conponents of the
__'acoust | C waves e¥tanise et aml tby iﬂt?ﬁﬁeafiohhﬁ 2805 Ar andlsadl|plahe@ to xhe
restricted, e. el egt.ranj Llteri means,to a frequency band of WhICh
the correspondlg %/lﬁa\?gfgﬁé’f’hg (a?eeﬁ e order of the dianeter of the
‘relief well 30, thdiizborespectitat ehsldtiyegtiam ehchsopasisien WeLroB5 resul ting

fromthese wavegs WisS 2L4Q¥s gdtgghfﬁ-cggtéﬁé beddiebgi N the front area 35F
than in 15 the §F1adowarea % t® a distinct nmaxji numin the direction of

the project?on ?E??jseSFi‘t%éhﬁ&"i”PP@rF VE-H or. ma% bg divdded 4MEFRof ¢t he
acoustic int enwalyed:ekr Trroat esdeat! IBF fvhﬁcl’ﬁ@.ewﬁeﬁe&s&bwﬂds thdi ch is

| ocated in the front are 35F S Si | a n coustlc
intensities J SEREESES o IS éﬁfﬁgifﬁlﬁ'@ eﬁs%é]% §%" Hid SI11 that
are | ocated i nwihie elsaelmtarehe 36Sxcel §. t¥e the ofipeguensly Folgmt@ntswfacoust ic i
intensity J detﬁeeﬁoﬁgtpé’wﬁ%;wpﬁetéﬁeaeé}s% d ePbid sedhaona drag ver !} cal

axi s, whereas the tangential position ) € azl muth of 25 t he .
sensors, i&0pl @FectrsaFbRrpdshe. trobY AlecaFonde) Sllsering Seansytant Wien :

~indicating the f&éﬁtﬂﬁ&?llﬂndpaﬁlviﬂieﬁ tHe toresbbndingonirilesittel atdiogsensor

nbly by it the t t f the qth
Sancors)St] andudiqRies ot [i5e disenbey BLA e Pla BatL D et el T L, 1) a0
‘respectively. 3Smbeefizgnd lat the basemﬁel vallf 35 eresmising -beﬂlIthlese nawesed by
rotating the | WE 41 si%%%ﬂ:? %yB’la%gu:C'lncél{er l£ESnd Qﬁeé%%%%&n gglative
I-on

to the upper f raime sec

the shadow area 355, with a distinct meximum in the direction.
of the projection Ré of the position vector. As a result
‘thereof the acoustic intensity J.. detected by the second
sensor SII, which is located in the front area 35F, is
significantly larger than the acoustic intensities J, and

20 J.4p detected by the other sensors SI and SIII that are
located in the shadow area 35S. .

In the diagram of Fig. 5 the ecoustic intensity J de-
tected by each of the sensors is plotted along the vertical
axis, whereas the tengential position, i.e. the azimuth €& of _

25 the sensors, is plotted along the horizontal axis of this . _\~J
diagram. When indicating the tangential position of the first
gsensor SI of tne sensor assembly by its azimuth OI, the -
tangential positions of the other sensors SII and SIII of the

~assembly can be indicated by (eI + 120°) and (GI +:2407),

30. respectively.

Wit

_ Subsequently. the assembly of sensors SI-SIIL 1s rotated
by rotating the lower frame section 11B, which carries the
sensors, relative to the upper frame section 11A (see arrows



Il in Fi gs. 1B and 4) over a limted angle, whereafter the acoustic

intensities [err] -detected by the sensors Sl-SIII and the novel azimuth

positions thereof are plotted in the diagramof Fig. 5. 5 By . N\

repeating the above rotating/plotting procedure several times a diagra 23
d

shown in Fig. 5 will be produced, in whi cg di agram the sequentially plotTe
I ntensities J detected by the sensors SI- r‘||-||e on a curve Swth the

mexgpum t her eof frogaigg ¥ 211820 4) W 3 n};&ee@zahgy& Nuhiddeed? enel US found

indicates the azinuth Orientation ectron R of the position
vector. [err] onaFﬁ'e"ﬁ-lcaﬁeﬁeaﬁig-eérﬁfgﬁgc‘HtGﬁ §hbEnthe ¥eR8PFS |n the
situation shown girisfiIgand thBendvRlli £fimaeh Ipo%@tidizssmaeghtarel pléttied £ tuation.
the azinmuth of tﬁ cﬂgﬁtanc %(Fect gr 15 [err] i.e. of its orthogonal
projection DS &A® B3R 0F| ¥#8s°t dentical to the azinuth [err] of the
posi tion vecsor [er By repaatdmﬁg ithe ghoveendtiating/plofting ptomduta/- V. It is
observed t hat I U t

o030 Hiig € 46l ds il Y Y. S adE U0 plod it

determned in th ove an responds to the

azimuth of the @#Bs¥hdichndissrenrtir semytiaﬁlrlvaqute%imena&qiﬁﬂt% of the

di'stance vector gpgédded! by Whb! sdi@o2dBTESI A 2de tdhak butveh@lwishidtalion the
azimuth of the distance, vecgo D c n _be deterg)}raed Tl & S sé %ghtforward

manner on the bZ&F thereo [aérf‘} 3zl my s (-1 ning the
course of the rehﬁeffoundIinamcégesnew\azmﬂ:epvimetimggfrlgxeopmjatci:wts' or by
| owering or raigin EHP% 0 SU th.in the relief well 30
that the sensor il&s(gfetﬁggyﬂ%ik Q&O]EI g&a% g{q ]Tqﬁg J(;tept h [err] at which the
disvance vect or cress-isectiton {pkane I¥rdVdentral axis of the 30 well 30, such

that the vector [er rﬂnCQhéle'id@&i\&htéhowEe{:{ F1BY ?Qﬁblﬂlﬁgf tWag1i 5 @gnati on
t hus obtained by neans of the assenbly of tangentially aced sensors

S
-SI-SIll on the &H‘Pﬁﬁhﬁ ofn this (ﬁ%‘?%?@é Vl?ct’ﬁ*‘m{‘e‘r 2 thﬁﬁ‘i *apee (VAFE?Tmat i on
obt ai ned bynsreamg of . et hef a&seéﬂﬂhygmalagxt@elcympageah pEekd VErs -

IV-1V is identical to the azimuth e;

is, i.e. of its projection Ré on plane 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

R may differ from the azimuth of the distance vector

of the position vector

s’
38‘ It will be appreciated that in that situation the
azimuth of the distance vector D_ can be determined in a

S
straightforward manner on the basis of the azimuth aé either

25 . by determining the course of the relief well 30 by means of
separate logging operations or by lowering or raising the
instrument 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 ﬁs intersects the central axis of the

30 well 30, such that the vector D, coincides with iS‘

By combining the information thus obtained by means of

s

S

the assembly of tangentially spaced sensors SI-SIII on the

azimuth of the distance vector Bs with the information

obtained by means of the assembly of axially spaced receivers

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

S



35 Hand HI I on the magnitude of the distance vector DS and -12- the
-deptdtferr] at which this vector intersects the central axis of.the reli ef
V\BI@he posi.tion of the source location S has been determned in an

accu e manner. It will be appreciated that by detecting acoustic waves 5
~in an appropriate frequency band al so acozistic waves emanating from ot her -
“distinct acoustic sources in the blowing well. than the source-location S __
.can be detect edxebylepﬁalz - af whiteh ithdé rvectpenintérsedgshtih sl acoustic  w3s
- sources may Copgdd Lf‘tﬁxeof:ei’iaelfvﬁén,c.‘:ﬂé’?,wiﬁ%n' Bt [hE Yhilree fR3kGh @NdS, oOr

ot her flow 10 restrictions hi's manner the 1 nstrunent can al so
"be used to finkas Reemieterninedsin antaccyrate@apast-ef - el | above the source

location S. It wil tt fv#irlflhﬁ‘é apfredidecstenat Byabredtiingafdoustic wasés£ad of
usi ng .a sensor asseg életh hr ee seqﬁors al so assgrrbl ies 15 th any

ot her nunbér of® &8 reAuency -P3ad Also pequstie WaXRS fmana ver, has
t he advant age fi‘tﬂi oeﬂaeodistncbw@l&etﬂc mﬁfcmmamheculmingrms. sioxt | on

always a good JECHERlERY.EANLAY (6ATbdReERiAR | by Wb e REQ 3ER. 0T LN

sensors and the bor e under st ood
t hat instead dﬁeﬂmﬂmtsw dintinet pcoudticapoynioeg mave corgtdspte 9L S| || on the

lover end of t{g k! SurdSrdddat 16 ¥hel Rl 1l Nead18gCindR), SoHlothkt .£1bke frame may
al so be nounted on anot her, separate, wreline that can be run nto t he -

relief well0 whESPLTRELifnEe|§hGe L0 th)s MPORAE the Lagrepments can 4lspybe | 5 [empyed ;
therefrom In iéuds:martﬁdw@oetaimhmmqﬁrﬂmoﬁfcméleemmm abotr@e di stance
~vector [err] by, nmeans o t’E onaﬂgent ially spaced sensors SI-SlIl can be —~
.carried out seé‘f SPRTE TN the determinati on, by -neans of the array of (-
axially spaced recétwild fyrthet beofmdlmtm@mhaadé-foﬂesmdisolnstd#ét ance

vector [err] @Ms&{;f agsgﬁéhl sgémeaf WECEhdedl SenddRTh Od1doNh 4B LSS  NE
l.ongi tudinal axis o erelie
15 _ with any other number of sensors may be used. The use of three

' sensors, however, has the advantage that also in a borehole
with non-circular croséfsection always a good mechanical -
contact can be éstablighed between each of the sensors and the
borehole wall.
20 . Finally, it will be understood that instead of mounting
the frame ll.cgrrying the sensors SI-SIII on the lower end of
the wireline that carries-the receivers ﬁI—HII, the frame may
also be mounted on another, separate, wireliné that camn be run
into the reliéf well when the wireline carrying the receivers _
25 HI-HII is removed therefrom. In this manner the determination _ _\—/
of the azimuth of the distance vector Bé by means of the |

\.l..'

tangentially spaced sensbrs,SI-SIII can be carried out sepa-
~ rately from the determination, by means of the array of

o

axially spaced receivers HI-HII, of the magnitude of the

30 distance vector B and the depth z, at which this vector

s X )
_intersects the longitudinal axis of the relief well.



-13- CL Al MS 1., Mthod of determning the subsurface position of a

blowing well with respect to a reli.ef well, the nmethod com -prising the

steps of (a) detecting at a plurality of | ocat i ons

| ongi tudi nal axis of the relief well acoustic waves emanatl “&,Em -
e i

subsurface | ocation of the blowing well and deter ni n”wmmm !“
tiges of arrival of the waves at said amé?l'y spaced

det BCt | ng the waves at a plurality ?:f taag&gil ally.10 spaced | ocati on_s
al ongsi de the borehol e wal |- of the ' l. and nmeasuri.ng the acoustic

intensity resulting fromthe waves at each of said tangentially spaced

| ocations. 2. 1TheMg@gJaogfatfugs aceg tl[oca%ﬂurpf;ce %g{&og &k_} det ection of

acoustic waves at sald axi al lons 1s-carri ut by
means of an ar r'é:!;"‘ﬁf‘gafﬁi&sﬂ@ F%ii@ic\‘ieF%a rekiefoeellycthe Dthng sa@rpended at
pr edet er m ned |pi-fymgla1eal;qu bhe longi - tudinal axis of the relief well.

3. Th thod as claim erein_the si duced by each
of the (rae(r:rgi vgrs i n??g‘%‘é %803% ﬁel’g'é'?gg ﬁca_tiB?gégBﬁgt'ﬁ%E waves is
tFansmtted3to hout;tud#mdceslsl ofj thei teliief wdmchcota):;tt havas gﬁahaﬁugd?cgd by
' ' ated in
each recei ver '&Jntegoétﬁ:PSQrBQe wé‘a*:iw@ gm% :g%ff‘ipgr&:%%gﬁgﬁs 25

order to determne on the basis 1 me weeh These s
t fie dif f er encesth dafferenre dnygimess of Wé’réﬁ)bgﬁ the\mgves at sdid vari ous

receivers; c) tmadu_ﬁtg:paeed hekyeras hghanel I s is calcul ated on the basis of
t he. arrlval time di f%)erences thys determ ned., 4. The method as clainmed in

any one of clainms 1<% dfheTHRE vayef af A ddpraiityiof cansmtdalies at said
tangential 1§ spspaeed| ratiomss alongsade ivhd botiehbye maansminamasssmbl y of

%FFSJ{ ic sensoréellhgﬁd %Qsdﬂngoﬁl QLod’Mttih :It.nr?:%n tryeggéu ting frgL 1':[hhe relief

waves at each of said tangentially spaced locationms. _
2, The method as élaimed in claim 1, wherein the detection
‘of acoustic waves at sald axially spaced locatiohs.ié carried
15 out by meané_of an array of acdustic receivers, the receivers
being suspended at prédetermined intervals élong 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: _
_k,/ o a) the signal.produced by_each receiver 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 cdntact with the borehole wall of the
relief well,



- 14 - 5. The method as clainmed in claimd4, wherein the—aziruth of the
location of each of the sensors is determ ned and he intensity
of stic waves detected thereby in order to fi r”"Wim, ﬂi’"ﬁctiqn of
. the wing well with respect 5 to the relief welt. 6.t W|or

determ-ning the subsurface position of -alél-oning well with respect to a
~relief well, the neans com prising an array of acoustic receivers carrie.@

by an el ongat e510 Themepbed ast ptaimedclny slaimhép gharsim bttt det er ni ned

interval s al ongyd Rgeh g b4 Eabg! o khé dehsbhe 18UPRRThinadnd dellat®i carryi ng
~an assenbly of ‘acoustic sensors in s each, sensor is

ch a rra%ner tdh
nmovabl e in a st®dhanintenpity & %ﬁ°‘_’ﬁf‘$‘éé‘ﬁ’|"8ﬂ CBRES egé%"& i & central axis
of the franme. ¢& find.the FTh€idlrditectdon |ofi tisel bilowixdgawall witharegpect he
“support consists t?’f a_SURPOL; cable, the frane being connected to the | ower
‘end of the suppdr e EFHEETRM  hat 1he central ax s of the frame coincides
with the |ongi 6udi Maénsmfos defterhiningykhe subsurdpce positdamorf £able. 20 8.

~ The means as chalying JuCkAHalce ro WIREIdE UBEL AGRYSaeshi Cedudcel ver s are
- hydr ophones. 9.7 . e neans as clainmed in any one of clainms 6-8, wherein. ¢

the acoustic sBF¥P8 are accel eronmeters suitable for nmeasuring

- accel erations in tRpegeriyt ofldchudtichogauiversiicaseiédby. aR®longsdke The neans
as clainmed in any one qf '

and a1 oweld {r EFRPEEe: then FedeiRr hetd SnBaltas By SRR ORI ° OF B0 CBRET -
ot her about the¢ntexvalalalangsshet hengisudinalr axis ofctheomupparitucfy a plural it y—~—

- of pivot arns, eactl-gﬂqecg“&igg %p_ag mg,i &¢ §%g§§gicaggh§3@_gng, 34ch | pi vot al \ew

. in a plane of rotation traversed by the céntral axis. 11. he s as

- clained in cl aenmargervihatepsch sensdde Bqvahie é@c?i%’r‘?’f‘?&"li&ag‘s ?Higj;'arrrs

bei ng pivotal iy Qe3BESw1th F&paetldOR édtirensanitengt ahahfmimeer at angl es of

Lerr] 15 7. The means as claihed in claim 6, wherein the éupport'
consists of a sﬁppért'cﬁble, the ftamé'being'connected to the
lower end of.the'suppéff cable such that the central axis of
the frame coinéidéé with the iongiﬁudiﬁai'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 hydfoﬁhones._ )

9. The means as ciaiméd.in any one of claims 6-8,_wherein
the acoustic Senéqrs are accelerometers suitable for méasgring'
accelerations in three mutually orthogonal directioms.

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

" the frame cbnsists of an upper and a lower frame section, said

Y

sections being rotatable relative to each other about the _
central axis, the lbwer frame section including a plurality‘of
pivot arms, each arm carrying an acoustic sensor and being
30 pivotal in a.plﬁne-of.rotation?traversed by the_cen;ral axis.
 11. The means as giaimed in claim 10, wherein the lower frame
~ section inéludgs three arms being-ﬁivotal in planes of rota-
tion intersecting each other at angles of 120°.



- 15 - 12. The neans as clained in claim 11, wherein the al'llb are near the

| ower ends thereof provided with bodies of vibrati

the acoustic sensors being enmbedded in said bodi esmm "r"i'

claimed in claim212, wherein the upper frame section |cnc u and

-nmeans for neasuring the rela- tive angl ﬁﬂ'getween the frame sectlo_ns, sai d

rTE.ggjuri ng neans and corrpass being in comtdnTcation with neans for

- de™&rm ning the,azi 05|t| nof QuSt i 0, [ dbythe 10
| ower frane seggi‘orﬁu neé:(rilai'? &Qectl%rg%u% n's;h %ggsée S%Jacg position of
a bl owi ng wel | neat h:hueebqye@;t ends ah¢m|oteﬁrqnéﬂ¢d gﬁbbt@#@ealdfyviabsfaaé%rl bed

i th ref er ence g godp18s nater ¥l thie choamcaséﬂymarwemg%b@aw gs. 15 15.

A nmethod for determning the subsur f ace position of a blowing well with
respect to- a r&tidPoddes- substantially as described with reference to Figs.

2, 3A and 38, aBd tThehhdims s @0didedofintdlRif CINNPREVLIAGLHE apperdErame

section includes a compass and means for measuring the rela-

ks : tive angle between the frame sections, said measuring means

and compass being in communication with means for determining

s the azimuth position of the acoustic sensors carried By the

- 10 lower frame sectiom.

14. A means for determining the subsurface position of a
blowing well with respect to a relief well substantially as '
described with reference to Figs. 1A and 1B of the accompany-
ing drawings. ' _

15 15. A method for determining the eubsurface position of a
blowing well with respect to a relief well substantially as
described with reference to Figs. 2, 3A and 3B, and to Figs. 4
and 5 of the accompanying drawings.

0 oA



