An Integrated Coring System Technical field [0001] This invention rel ates
to extracting formation cores fromthe side of a previously drilled well.

I n parti cowbabiddsessonventi on relates to an integrated copPCmREPBANGITRS t O
carry out this process and the downhol e anal ysis of the core obtained.
Background art [0002] Formation coring is required for the detail ed study
and analysis of a vertical section of reservoir or other rock |layers. To
retrieve the core as intact as possible, it is cut fromthe rock by an
annul ar core bit. The central colunq of rock passes through the centre of
the coring bit and, as the bit cuts ‘deeper, is received by a hol | ow
cylindrical Core Barrel above the coring bit, where it is protected by a
series of rubber baffles. Wen the bit has cut deep enough to fill the core
bar r el ,Andntegrajed@eEng SYséeMt he hol e and the core is renoved for study. By
doing this the actual sequence of rock strata can be readily identified.
[0003] Teshicakfigldest extent as possible, core sanples are taken in an
undamaged, physically unaltered state. The formation material may be solid
r ock, ?[DDQ el hig twention (platee taestractingcionsationl aored feamdss sidealf agpraviessly

gunbos, or cl 4 i | al, in use tpd can _be seen in
W0 2007/ 0276857 ﬁﬁ?@%@?@%@ tﬁ%iﬂ"%ﬁw‘)g‘?%% 1OV W%%%da%%l"@ YRR can
be obtai ned dodaslysut this provess antehe aowhRorcHlysis obkadore bbt4ims.t 0
retrieve the tool to the surface for analysis. [0005] O her exanples of
cori ng Backgrouad &ar¢ found in US 2007/ 0215349, US 4,714,1 19 and US
5,667,025. Disclosure of the invention [0006] This invention provides a

syst em[0002]c Farfatian dofiegrigregaited dormbel @stafied SQYIERG shalRi€BP hevertical
conprising: - a tool body that can be positioned i'n the borehol e near the
formati on t o S56tienfyeseheirt eorthrsdipcklayers np setrisverthe easeaas intact @shead

connect ed t0 &Py cut from the rock by an annular core bit, The central column of
rock passes through the centre of the coring bit and, as the bit cuts deeper, is
received by a hollow cylindrical Core Barrel above the coring bit, where it is
protected by a series of rubber baffles. When the bit has cut deep enough to fill
the core barrel, it is withdrawn from the hole and the core is removed for study.

By doing this the actual sequence of rock strata can be readily identified.

[0003] To as greatest extent as possible, core samples are taken in an undamaged,
physically unaltered state. The formation material may be solid rock, friable

rock, conglomerates, unconsolidated sands, coal shales, gumbos, or clays.

[0004] A typical coring tool in use today can be seen in WO 2007/027683. In this
coring tool only relatively small core samples can be obtained and also only
one core can be acquired before having to retrieve the tool to the surface for

analysis.

[0005] Other examples of coring tools can be found in US 2007/0215349, US
4,714,119 and US 5,667,025.

Disclosure of the invention

[0006] This invention provides a system for coring an underground formation
surrounding a borehole, comprising:
- a tool body that can be positioned in the borehole near the formation to be
cored, the tool body including a motor;



- arotary tool connected to the rotary drive head and one end and carrying
adrill bit at the other end; - a drive nechanismincluding an operable
anchor f owoanohsos4ng in the borehol e and an axial drivePCoOmRR20082000478g t 00l
body and the rotary tool; and - a guide for urging the rotary tool

| aterally fromthe borehole into the surrounding formation; wherein the
rotary tool is a tubular coring tool conveying an annular drill bit. [0007]
The rotary drive head is preferably operable to allow the axis of the
coring tool to deviate fromthe axis of the tool body, and can include an
adj ust abl e connection to allow the geviation of the coring tool axis to be
varied. [0008] The tool can also include neans to direct the deviated axis

in a predeterm ned di F&g,tyi on. 4fy@009] L4y one cenissiédrent tot he thet ar ynator;ve
head has a fenal e connector to which the coring tool connects, and. a holl ow

shaft ext endi-regraiarytopl eennasted ta theyradaindivecherd and angeeRbaNdKEHRY NI R t hi s
case, the not can connect to thejouter sunface of theuhgl | ow shafdpd:o
drive the rotdﬁly drive E)itad. The gaytstem may tg so further conprise an

angul ar posi t-izodriveemeohariism ineludioy iangopdrablaranchar fos@sichong f thethorehwle ow

haft, which preferabl i t t hal f
ShofL, i bretershly Geri Ve USSR ook PRSH, dnd g Py B4R b
radi al | y- ext engi gaideafiﬁ whyisd tRBORASN heolbRiteraly efroval thentenetesie | intd etet o

anchor the tool body in the borehole. The axial drive can oper?te to act
agai nst the SuEYNHIRG force provided by the pads when activat ed®MAlYhe

example,  the doth (EGHRY BB RURIERSANDYSBIRehBypY Shamnuldiariagie and the

axial drive conprising pi’s s to which hydraulic fluid is

provid h ri i | : : ds
i oh 4880Te R R HRe 8 a5 lerdhaF SPREIAE R Aok TRE anfs A8 CBrRY (BT e
directi ?n fil Qogdé\h@tebfroehdj’neﬁi;x[s()@tl thé tltnt)bLib@dpam:dcaal{aélhgluge e?e'adg@'t?lriah' ': he
coring tool comprises an outer, rotary ctube carrving ar dri it,
and connect eONBeEiRN foAloW L rqe\)'@t'ﬁgaﬁi;h%ﬁan%f%rlu@g'sé ﬁga\\%gg el for

SUppor t[l()888]a 'Igh%rt%o?cr:érll lan% iLE:I?J etrrrlleearfsotro |Fe|c?t eb&e\t/igﬁadc aoxrié Wa predetermined

direction.

[0009] In one embodiment, the rotary drive head has a female connector to which the
coring tool connects, and a hollow shaft extending away from the rotary drive
head into the tool body. In this case, the motor can connect to the outer surface
of the hollow shaft to drive the rotary drive head. The system may also further
comprise an angular position sensor for detecting the angular position of the

hollow shaft, which preferably derives the rotary speed of the hollow shaft.

[0010] The anchor typically comprises at least one set of radially-extending pads
which engage the borehole wall when activated to anchor the tool body in the
borehole. The axial drive can operate to act against the anchoring force
provided by the pads when activated. In one example, the drive mechanism
comprises a hydraulic system, the pads and the axial drive comprising pistons
in cylinders to which hydraulic fluid is provided. The drive system typically
comprises at least two sets of pads which can be alternately activated to allow

the tool body to move in either direction along the borehole.

[0011] It is particularly preferred that the coring tool comprises an outer rotary tube

carrying the annular drill bit, and connected to the rotary drive head; and  an



tool. The inner core barrel nornmally does not rotate with the outer rotary
tube, and can be connected to a shaft which extends through the rotary
drive heaw0 2p00E&40AN orientation reference coll ar surreamiiuzgosidoes7s haf t
can be provided, the collar and shaft being provided wi th inter-engagi ng
formations to prevent relative rotation. The inter-engaging formations can
conprise a key and groove which allow the collar to slide relative to the
shaft. The collar is preferably noveabl e between a first position in which
it is held against rotation relative to the tool body, and a second
position in which it is held against rotation relative to the outer rotary
tube; such that in the first position, the collar and shaft can rotate with

the tool body.relative to the outer ro Y, ' d jtion
can rotat e w Irer reteBpt! b subyo Ehaa takl B8 ot i PpldiBpdi e it

6|heC]E r Oﬁagneétoﬁﬁlrrhbginﬁépyd)@e@b_ rtél?tormllpld?ﬁagi_oa rbt@teTwri;th thb:i)lut@i ?ﬂryttebween
the first and second positions. |In gne enbodi t, t coll ar, has an

i nclined sur fawkcarhbgy Can'?:%ﬁt?@gbaﬁ&?ﬁd"h'%?ﬂﬁ@g‘gE}HHFQQ&%W?'H(%'V? &4%vi ded
on the tool body; such that when the collar is in the first ,Boiihi on t he

ef fect BI012bnhaefieniation seference srller audiownfing tssshaft e3n Beinspidedhdhg egliar 1 o a
predet er m ne r It e t tol nedl | ar
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drilled core fromthe formation. In one enhodi
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further conprégeba providddothapuspopegabiel fo aviedtrar colfal béteveen the first and
second positions. In one embodiment, the collar has an inclined surface, and a
corresponding inclined contact surface is provided on the tool body; such that
when the collar is in the first position the effect of contact between the inclined
surfaces is to orient the shaft to a predetermined angular position relative to the

tool body.

[0013] The collar and outer rotary tube can also be provided with inter-engaging

formations (such as a tooth and recess) to prevent relative rotation.

[0014] A pinching system is preferably provided at the end of the inner core barrel
near to the drill bit on the outer rotary tube, the pinching system being operable
to apply a controlled movement to the inner core barrel to break a drilled core
from the formation. In one embodiment, the pinching system comprises one or
more axial cuts :in the end of the core barrel, and inter-engaging sloped
surfaces on the inner surface of the outer rotary tube and on the outer surface
of the inner core barrel, engagement of the sloped surfaces being effected by
relative axial movement of the outer rotary tube and the inner core barrel and

the cuts allowing reduction in the diameter of the end of the inner core barrel.



drill bit. I'n some design, Wiere the coring tool conprises an outer rotary
tube carrying the annular drill bit, and an inner core barrel for

supporti nyoaomarsaes4dri |l | ed fromthe formati on, the punp ®PERARDEYOETS puNP
fluid down the outside of the rotary tube to the drill bit so as to return
up an annul ar space between the outer rotary tube and the inner core
barrel. A cuttings processing device can be |ocated near an outlet of the
punp for processing cuttings retuning fromthe drill bit. [0016] The guide
typically conprises a guide surface ghat is inclined relative to the axis
of the borehole, and a guide anchor that is operable to | ock the guide in
pl ace. The surface may inclined 3-20 relative to the borehole axis,

typi cal out 6. [0017 he anchor can coppr.i at | t. .one t hat
can be tﬁbég’ii ﬁ@%f%?’Of’{ﬁé“ﬁ%*%%f&O{Rmfisetaop%‘ekWrﬁeﬁgﬂﬁﬁé@ﬂﬁﬂﬁ56%‘."5)0?-% pad
can al so act §@l Bslh $dife Gk, agMmieRs the dingotoehcdraphedd ath outepebtary tulbe
pl ace. In one enbodi nent, the anchor is operated %ﬁla%%draul I ¢ system

i ncl udi ng a peaffyintdhe eseplasidrili Ritt ard 3o nneh Fpre eQURRPTHNG 4GPt by
a hose . In t [ f | f '

noves wedges a&h%}égﬁﬁ%@tthggﬁ?ﬁ%%ééie ? gmr%ég&ta ﬁg t?ﬁ?ﬁaq)m@rdeﬂr?meewg&{bhe

gui de. The nuof tharrotary tobate thé drilinkifnso a$ to metusmupran aoollar spacabetyaerbei ng

provi ded on the cqring._ tool whi ca .0, CQr ] ; A on
Phe nut t o al e gt Brnthe ThE M PG 2BReBalrd! - & IR Bl REeSRE B e
gui de can be eanpedcated Aedhen batdt dfaby pspafol preessipigcutiirigaaktamitg from by
means of a bar slidably nounted in | atches on the tool body, the | atches

bei ng operabl@et@'ll%“ek the bar to the tool body to hold the guide at a
predet er mi ned_di stance fromthe tool body. [0019] A posiftion sensor can be

provi delPX16] nEhe @uides bypigadly i eampiisasna aifQ)sUFfReanthatist ipelineghgatiiepto Beanpl e
a sensor that e I ' tgq,(,‘(igrﬁp- t or
sliding bar. [%’ggéﬁﬁ%gbﬁgﬁ%@r g&e@%%?@aﬁn%r%} i%gp%%bﬁfde)rrﬂcﬁggésyst em f or
di recting t heplgoé.dd@he surface may inclined 3-20° relative to the borehole axis, typically at

about 6°.

[0017] The anchor can comprise at least one pad that can be urged against the
borehole wall to lock the guide in place. The pad can also act to push the guide
against the borehole wall to lock it in place. In one embodiment, the anchor is
operated by a hydraulic system including a pump and reservoir in the tool body,
connected to the guide by a hose . In another, the anchor is operated by
rotation of a nut which moves wedges which act on the pads to move them
radially relative to the guide. The nut can be rotated by means of the coring
tool, formations being provided on the coring tool which can engage in
corresponding formation on the nut to allow rotation of the coring tool to rotate

the nut.

[0018] The guide can be connected to the tool body by a telescopic attachment, or by
means of a bar slidably mounted in latches on the tool body, the latches being
operable to lock the bar to the tool body to hold the guide at a predetermined

distance from the tool body.

[0019] A position sensor can be provided to measure separation of the guide from the
tool body, for example a sensor that detects the position of marks on the

telescopic attachment or sliding bar.



surface in a predeterm ned direction. The orienting systemcan act to turn
the tool body so that the guide surface faces the predeterm ned direction.
[0021] A wewehmtsisan system can al so be provided for det @CERU20G5/00ES
position and orientation of the tool body, typically conprising

magnet oneters for determning position relative to the earth's magnetic
field, and/or inclinometers for determ ning position relative to the
earth's gravitational field. The systemnmay further conprise nmeans to
determ ne any offset between the posjtion of the guide and the navigation
system [0022] Where the orienting systemconprises a collar on the guide
t hrough which the coring tool projects, the coring tool can be provided

with fo ' whi ch can_.en e with correspondi forgmtions on the. collar
0.t hat (P8Pt | 5h S6 T S AP R SRRl oe ab SlPr N dar duspie fos Bick

pr edet er m neds ¥faiceGhizPprede@ititedPdRedtionTOhe SErRingrsYyststh @as ddiad tamnthee

I ntroduced into the coring toal to protect the bottom of a core obtained

from t he for rf@elRefy seidak yiglp serfaee taceg the grdsterayned dyeciotyl e coring
tool, a core &rot ector can be positioned between each separate cgre.

S A
pr ef er r 99211 brin nevigadion r S certh Bisoe e apreMidef cfok delermipipg e PESIHRR AN at e
I ntroduction ] e ré-ng I n LIRET ; (o rfe%}h y fh the
coring tool, (%r%?%ticfﬁ egﬁs)tﬂqgnébgfe)a?o{)g gg‘ﬂ%@@f ﬁ@sﬁlgnﬁ%r ngéL?r aceé?fr ét kfldéln
coring tool. deteoniaingniusiiorerdlativeh® thecartl ® magnetic dieldy @ndasiinglinomeiers
conprise inter-engagi.ng fornations. (sych as_radially .ext | bl-e C s and
a groove int OMF%HQ‘I'WBQC%S% srertf%tﬁ;eptéop'@c??rt@gﬁai’%ﬁio)??ﬁgg@ﬁgc%sﬁg@an be
hel d secur el ymh{ fidtRGecdmpiidee nfinsg detetminbOARADffdetibet@Bh ehe Pusition sfyst em
can be connected to the interior of the coring tool and operable to

mai nt ai n t he Heasida and s RRVIgHIONHEIHY- t ool at a predet erni ned | evel

irrespective of the anbient pressure around the coring tool. [0025

Pr ef er alfI022] t\Whegr theeorigmiingesystimsonyuises aeQlaa tf‘@&ib@%ﬂ]reug%wlb‘%&@ct ors
to be introd i ] 0fi.i.N | : ' RhCWOr i se
an operable f@"gg‘g @hgp{:dg%t%g{hf o%cfrh@gilor?lg kggygggrgﬁg%\?\d "t"@'@%%ﬁ@?a@%g

mechani sm of térgageapith ocarsespondingnfarhationsprt thermelar ke thabirelation sof the

available to éof}ﬁ]gctgg e?cQS to turn the guide to the predetermined direction.

[0023] One or more core protectors that can be introduced into the coring tool to
protect the bottom of a core obtained from the formation. Where multiple cores
are obtained in a single coring tool, a core protector can be positioned between
each separate core. A preferred form of separator comprises a chamfered end
region to facilitate introduction into the coring tool, centralisers to hold it
centrally in the coring tool, and at least one seal to contact the inner surface of
the coring tool. In one embodiment, the protector and coring tool further
comprise inter-engaging formations (such as radially extendible catches and a
groove into which the catches can project) such that the protector can be held

securely in place in the coring tool.

[0024] A pressure control system can be connected to the interior of the coring tool
and operable to maintain the pressure inside the coring tool at a predetermined

level irrespective of the ambient pressure around the coring tool.

[0025] Preferably, the guide further comprises a storage receptacle for protectors to
be introduced into the coring tool. In this case, the guide can comprise an

operable trap, the coring tool being engagable with an operating mechanism of



tool, and to close the trap to allow the coring tool to enter the
formation. [0026] A transm ssion shaft can be used to connect the rotary
dri ve heasotoidsaes4oori ng tool. The transm ssion shaft caoTha2bdsaddiBe
conpared to the coring tool, and typically has substantially the sane

| ength as the coring tool. One or nore stabilisers can be nounted on the
transm ssion shaft. The guide will typically have a contact surface that is
substantially the same |l ength as the coring tool. [0027] |n another

enbodi ment, the coring tool conprisgs alternating rigid and flexible
sections. In this case, the flexible sections can be nornally permanently
bent. [0028] Sensors can be provided for neasuring nmechanical paraneters

A | . . Lk Ler:
(such as wei ghé t@p édghs[t%gfgnetgaquwfo Fridike tﬁé ﬁ?@t@%%aréfdvgg%pg o th& BFihh! i ng

process during coring. ensors can al so be provi I measuring
par aret er s oftoely and &jclese thegap ébalow g ewringnigot tecenter thedopmaii@ss, such as
cutti ng[ size which may be determ ned by ultrasonic, density and/or
filterilf926ledstiarsmission Shadidwdn baiusedto senmnsst the etalyariveddadiele thercoring

e typi cal |y P aheatrpsbetal Sl b B ekp eiBriiio e bR ol ARG
det ect or f ur tiyicallyohps issibs@gntialfjathea same kogticas theecgiygreod. apneeas aiorand

ama ray sourcge.can be positioned on gpposite side the core so that a
Igi ne con%ect iStRPlliseLs s8R ”QHH?%BPJEGJ%@”Hﬁ'O’bégQﬁtﬁ%%@ﬁ”q%@’"bg’ﬂ Yof

the core. Thezg8aSntadGubabe Gfat G BulBStAREIGAns QaRRABAGH RSthbR@riRgtSoll S
rotated. First and second gamma ray sensor$ can be |oCated at a different

posi 1 92711 I B ottt Unbolif B34 KBlikg 18] oMYSREARMARGNJ MY et o

for noving the core laterally to a second position In t 1s rotated
whi | e the sereotionsdh tusicase, dheflaxible sHedone aanbedocmally permanerdly et be
used in a tonography process. [0031] Further sensors can be provided for
measur i[6g28]hSetisarsecan bé provided fansimgasutinrg coechanitad oparafrmtersx ésysheaan

ultrasonic hani cal..or el ectrjcal,. sepsor.[0032] hey..sensors can .be
bt ovi ded £ or WRAD AT ki Tordtes Abplsk eteh S BePerstanfas e Sl achsf Alrinde

coring tool abfnghe systemcan further conprise a heater for
[0029] Sensors can also be provided for measuring parameters of drilled cuttings
obtained during the coring process, such as cutting size which may be

determined by ultrasonic, density and/or filtering measurements.

[0030] Further sensors can be provided for measuring a parameter of a core obtained
using the coring tool. The sensor is typically located in the guide. The sensor
can comprise a gamma ray detector. further comprising a gamma ray source.
The gamma ray sensor and gamma ray source can be positioned on opposite
sides of the core so that a line connecting the sensor and source does not pass
though the centre of the core. The sensor and source can arranged to operate
as the core is rotated. First and second gamma ray sensors can be located at a
different positions in the guide. Alternatively, the system can comprising a
system for moving the core laterally to a second position in which it is rotated
while the sensor and source operate. The measured core parameter can be

used in a tomography process.

[0031] Further sensors can be provided for measuring the diameter of a core inside

the coring tool, for example an ultrasonic mechanical or electrical sensor.



applying heat to the core. [0033] In another enbodi nent, the system

conpri ses sensors for sensing the force required to shear a core fromthe

f or mat i orwo2ntgsvdse coring tool. The coring tool can sheamr/Riheisooodsby
applying a torque to the core, the sensor nmeasuring the torque to determ ne
t he shear force. Another sensor can be used to sense the maxinumtensile
val ue required to detach the core fromthe formation. In this case, the
system can conprise nmeans for gripping the core, and for applying tension
until the core detaches fromthe fojmation. [0034] The drill bit can
conprise concentric rings of teeth. [0035] The system can include nmeans for
pl ugging the hole fromwhich a core is obtained. The plug can be arranged

to seal against a casing suyrround; t he hor. : S f her
conpr i 4@0:%%@“‘%%3%}3&5? %?ﬂg’ece?oé( 'CHAOH{ meeasgjé'ﬁgﬁbgtt%%'{ﬁ?al[%%%%]%ﬁg&gr?féneans
can be provi dgd frRideSt Eothgl B dndl Meesystemtdan hpthicatdonprist 4 heatgrsfoem  An
electrical link can be provided to communi cate data fromthe operation of

t he system t epplyingsheatie éreeorehe borehole. This invention provides an

integrated coring systemwhich conprises a coring apparatus and an
i nt egr 40838] tygnothes yarakediment, dbarivstam £ORRFises NSPieTYR.0sHG H1SHIC¢ r om

the coring apparatus. 3 e :cor di 0, | | iRgve
several feat E&é’éregﬁ@) a'g%n%]gagé;ﬂgﬁ%maﬁ ﬁ%gggﬁi%hr@gtr}r%t %%r!]? %dgy'ggﬁépg??gg?ned
as will be appiircantshieanthd berefln) hpplying astomgue {0 the0dse] theysansat MaESHFAgng t o
the invention all ow extraction_of |ong cores fr [ an
exi sting wel the qigue Hsf‘eéméﬁ‘%&eeswggﬁ?sn?‘é‘°ﬁ?§?%]Shg&%%’{ géﬁgegg%ﬁgg?onger
than the di aggt siax@hufRidhsiehhlud RR3REd Ao idetedT e carei fagmsiiistfematiusl. ddi ng a

gui de deflects the coring tool towards the wall_ of the V\ﬁ | . The ﬂ i]ple
setting in tHesvease, dbeesystemt fen COMMisec Beans plor r PHARE ithe Rty A a %he

gui de can betaggfylinrg hkRGhiPhd S5reRtddMsRIRE BRSTorMatibAe gui de unset. The

can be repea one trip
[0034] The drill bit can comprise concentric rings of teeth.

[0035] The system can include means for plugging the hole from which a core is
obtained. The plug can be arranged to seal against a casing surrounding the
borehole. The system can further comprise means to eject the core from the

coring tool.

[0036] Memory means can be provided for storing data related to the operation of the
system. An electrical link can be provided to communicate data from the
operation of the system to the surface of the borehole. This invention provides
an integrated coring system which comprises a coring apparatus and an
integrated logging system for downhole analysis of the core obtained from the
coring apparatus.

[0037] The systems according to the invention have several features and advantages
and allow various methods to be performed as will be apparent from the
following summary.

[0038] Systems according to the invention allow extraction of long cores from the
lateral side of an existing well, involving a single conveyance method. The core
can be longer than the diameter of main well.

[0039] A integral coring system including a guide deflects the coring tool towards the
wall of the well. The guide setting in the well-bore and the coring can be



[ 0040] The tool-face of the guide can be chosen before the guide setting,
t he conveyance can be a tubing or drill-pipe or a coil tubing, and a
down- hol ewexbevsosan mechani sm can i npose di spl acenent decrmy2eavioodgs [ 0041]
The invention provides an integral coring nmachine that can be operated via
a wreline cable, and is capable to extract core at an inclination fromthe
main well between 1 to 45 degrees. [0042] A crawling systemcan be used to
di spl ace the machine is the well-bore, and the craw i ng nachi ne can i npose
WOB for coring. The crawl er Typicallgy i nvolves nore than one set of pads.
[0043] The guide is supported by the coring machine. For exanple, the guide
support is telescopic. The guide can be oriented by a rotary el enent of the
coring machi nearformene oasarpl Ehe ybidercandreysat) felftewediby the coring procegssand.
Alternatively, the rotary_el erregt IS thﬁ.rota Llng coring assenbly and head.
The coring t dbe Skide WselqlheFR PRirePealef i,005 "R-s bot t om whi ch can engaged
nto a EADESPRNIGEkAEECEPYRS| Quide dde paULHEserTR Y dRe Qb eetg, bihe
ydraulic

radi al system where a hydraulic hose transmits setti nng%ﬁssure

from the coricapvaseimenean e Metupingier drijavag of @ 608 Whingdiangne, 8% de
The di st ance LARHEN AL APBIRBEF RO SigaCemBrt o, TA Ol e or

the di stance € neasure we coring machi ne or
t he depjio4of Dhe ifvention Ipeoviges anddtefoal moring rdaghihe dhatt ¢an hadipienated\(a@45]

The coring too] s raotated by a down-hol e tor _such. n e tgical.
not or . [0046]W5&el|’\90%€?0blﬂoﬁﬂd H%l‘;épe?'%@el %tﬁa&g%gﬁFgr%nc'ggﬁq)ag'oﬁ'r%@ﬁdtbs r&%mt he
machi ne and iell Beficher t£45 tiBgleekhe | ocal down-hol e circulation can be
reversed node. A cuttings processing system can be instal] edwg@_gr t he

ci rcul ald04a] phrasawiling systarpean Recined; tegdisplase Hep maphing s e 8%y
[0047] The | nSr S, PEHAE S8R Mol SIO8] Br LoD ITIC Klaft, Timisaly
correct pl aceinbyivedmore than one set of pads.

[0043] The guide is supported by the coring machine. For example, the guide support
is telescopic. The guide can be oriented by a rotary element of the coring
machine. In one example, the rotary element is an orienting sub. Alternatively,
the rotary element is the rotating coring assembly and head. The coring tool
can be equipped with a key at its bottom which can engaged into a
corresponding receptacle in the guide. The guide can be set by radial hydraulic
system where a hydraulic hose transmits setting pressure from the coring
machine to the guide.

[0044] In one embodiment, the guide can be kept at constant distance from the fixed
pad of the crawler. Also, the distance can be measured between the guide and
the coring machine or the depth of guide can be measured form the depth of
the machine.

[0045] The coring tool is rotated by a down-hole motor such as an electrical motor.

[0046] A local down-hole circulation system can be provided by the machine and it is
preferred that the local down-hole circulation can be reversed mode. A cuttings
processing system can be installed near the circulation pump, for example a
cutting cruncher can be the processing system. The processing system can
also perform cutting size analysis.

[0047] The internal tube of the coring tool is preferably held in the correct place by the

machine, but can be moved slightly upwards inside the coring tool. The core



machi ne, but can be noved slightly upwards inside the coring tool. The
corecan be pinched at its tip under request. The internal tube of the
coring towb2eswshsrol ocked onto the machine or onto the @®OTIRIOISHDEd7y Syst em
[ 0048] The tool-face of the internal tube is preferably inposed to a
constant direction when | ocked onto the nmachine. Al so, the tool face offset
between the internal tube and the nachi ne can be neasured when | ocked onto
the machine so that the tool-face of the internal tube of the coring too
can be known during coring. [0049] The gui de can be equi pped a bore and a
sel ection nechanismfor coring tool displacenment towards either the bore or
the formati on. Separating elenents can be stored in the guide bore so that
the coring tagn l@@pmhe@lauggeld Lwidkah r@qmt eTheirdeatab tubeTbictheeqoaing ttoe! ¢amn

preferably eﬁﬁe@ﬁ h sea a(it tF s. .Thus, t he ftl ow channel fromthe
machi ne to t 5 ‘f]\&n SUTEE ‘B%%BEot G &PYNg LQRLY B¥PIeMder request. [0050]
In one Bg'Tf%,nioollféh% §pthleriaterm§|huaé |§?rbfafabvlygunﬁme@0troea iconstanf dizectionder
pressure. 051 he cori n%]too is pre

erab kept rall el ? uide
surface dur i n(gh%lbiQQKQd onte the machine: h@'SPoih&rS?Ohf?é’& et bet V&%Ffﬂjﬁ'lee'él‘ qrg
th I
lext bl o ¢ r anaBe arRTRBmEHRTRR b ifeaRibdidiooke B fepHaqRAe soinse: 2
coring tool ahdtbblfacebhthe intamal tBbexf fhel cm:rlngdnolr(zan beksowadugagicasnad | ed

2 succellofgh e BLERGERAC FueLe bolk Ak SeREf fRERefier! REf0h &3 17

have a | engt hyisplatément fovdies Bithee tisabbas er tmmmatm CSepdrdmngeelements
straight, the core in the rigid section of the coring too

undi st ur bed. gar0Bestamsd i |t6@<|%'!<te berer $& Hhatthe Garing deelean L’%’i ligged with e
of a bellows, (ﬂ'@dsélﬂé??tﬁ %BQHatWi@%r@%rébl?L&ﬁﬁﬁ%@Wltﬁfséde'aﬂdﬂﬁﬂ;h@@”d

secti ons. The I nt the coring todl can be equi pped w bent
sections in oﬁwq)tlmﬁﬁowmhamnehﬂos'e thee miichinet to thee cesing teell carube. pasitivehy s

case, the first i d. . sec | nposes buil d-up angle for the cored hole.
The first sec‘??'@ﬁqugnﬁfﬂﬁéléﬁqy | ess than half the

[0050] In one embodiment, the coring machine can bring the core to surface under
pressure.

[0051] The coring tool is preferably kept parallel to the guide surface during coring.
The tilt of the rotary head can be adjusted to insure the proper parallelism of
the coring tool to guide surface. Also, a flexible transmission shaft (flex-joint)
can be installed between the coring tool and the rotary head. Flex joint
centralizers can be installed on the flexible transmission shaft.

[0052] In one example, the tool is made a succession of rigid and flexible sections.
The rigid sections typically have a length similar to the guide surface. Where
the cored hole is straight, the core in the rigid section of the coring tool can be
undisturbed.

[0053] The flexible section of the internal tube can be made of a bellows, and the
coring tool made as a succession of rigid and bend sections. The internal tube
of the coring tool can be equipped with bent sections in one plane which
impose bending to the external tube. In this case, the first rigid section imposes
build-up angle for the cored hole. The first section is typically less than half the
length of the other rigid section. A small near-bit under-gage stabilizer can be

used and the cored hole can have constant curvature.



| ength of the other rigid section. A small near-bit under-gage stabilizer
can be used and the cored hol e can have constant curvature.[0054] The
coring towmb2eswshsroa chain of straight segnments, and thectmroismoodEse of
successi on of nono-bl ock, unperturbed cores, separated by spacers in the
bend. The nono- bl ock unperturbed core can be curved. [0055] The coring tool
can be kept straight in the main well-bore thanks to proper mnechani cal
gui dance of the coring nmachine. [0056] Spacers can be installed between
unperturbed core elenents. [0057] Th® coring machi ne supporting can support
a logging systemin the vicinity of the entrance of the cored hole for
| ogging the core as it passes in front of this | ogging system The |ogging
syst em [0p5¥t aThg caring\ieoll caygba@ diaimaf straight) sagerenis, endstieosprefis trhade of e.
Shi el di ng can i a i L cinj of. _t he - r tector to
reduce the ba%lgcigfgﬁhdyngﬂ?g%ggu @%ﬁ@gdrﬁgrésﬁﬂi%ﬁ%% dt@%isg)éF?% ﬁjagfee of
heavy netal . Oéwedl. Tdekmgnodbistknoipeetueisat dsreicantbeaturyedeasur ed wit hout

so, that this noise can be suppressed fromthe final

resenc f_ the core,
P oo o] ' B GrRRIPE! S s Rt HEaiga o theo et JSIEBSTa: LABRD. (61 roRe"

core. The neagldbRAMBAl JUidRRIS StAB GoRNg ARhinkcat tering ef fect when source
and detector are at the sane side of s%he core. Where the neasurenent is

per f or n¥PS6) Ppgcars £askesiesialed belwann unneriebed core ele®edts. opposi te si des of
t he cor : f i ' t,00l .S

ot at ectOphL T SO HRnE Sudordia cah Kot bl SRieAtn B8 ity of
preferably nothepardsanee dfithe lveredt holer foolodgivgy ther eoreTdeeit asees iparbht dthig he
ganmma-rays can be two, different . cords throu the core. [0058] In another
axanp! .t he BERBORaHDe Tt DadE sy YREaly plkn BodindSEFatr SR or o
barrel can bergjebpighidh &fame the. GHREEMY Bak i BE URSANSNGE HaNVieRt tHeed by
t he change of gap between the two tubes of the coring tool. A pulsed-echo

ul trasoni c t r@gdsMAc@EY dedectpetoysdyce therpagug@Undoifes Mepswemeastt. Hag shield
SrOLLE" aoraciis P B AP RLRLTR BlotGRundl RERel k'S Al o
measured without presence of the coré, so that this noise can be suppressed
from the final measurement. One example allows gamma-gamma density
measurement of the core. The measurement is performed by back-scattering
effect when source and detector are at the same side of the core. Where the
measurement is performed by ray transmission, source and detector are on
opposite sides of the core. The measurement can be performed while the
coring tool is rotated. The direct path between gamma-ray source and receiver
is preferably not passing by the center of the core. The direct path for the
gamma-rays can be two different cords through the core.
[0058] In another example, the core diameter is measured. The circumference of
internal core barrel can be deformable and the change in circumference can be
measured by the change of gap between the two tubes of the coring tool. A
pulsed-echo ultrasonic transducer can be used to measure the difference of
gap. In another case, the external tube is deformed by the internal tube,
allowing direct detection via this external change.
[0059] One embodiment of the invention allows multiple short cores to be taken in the
long coring tools. Also, at least some of the core elements stored in the core
barrel can be ejected form the core barrel down-hole if they are not needed at

surface. In one case, the ejected core(s) can be placed in the cored hole.



[ 0059] One enbodi ment of the invention allows nultiple short cores to be
taken in the long coring tools. Also, at |east sone of the core el enents
st ored i rwoheloosos0barrel can be ejected formthe core Pparmal2owsmms7Bol e if
they are not needed at surface. In one case, the ejected core(s) can be

pl aced in the cored hol e.[0060] The core can be |logged while it is
retracted out of the cored hole, and when it is in the main borehole,
preferably by passing the core in front of the |logging system [0061] It is
al so preferred that the coring teethilare capable of cutting netal, cenent
and rock, allow ng coring behind casing. [0062] An integrated process
conprising the invention involves the plugging of the cored hole in the

si de wal0068] t €he corenean be dagahd Whikadit isTietraciedealit tof the mdﬂmlmlan@g&blemgt is

vl | abl e mat 0 1 1y Bt bRTRGBICPr s Eing ik adteRin Bab 6 1S Sbaipo o
using a hardegmém or settable fluid. For exanple, cerrent sI urry can be
used to yor t taII fill the cored hol e Speci al. | oggi ng
or oceduliBl o in s pistpied Yoaichg CoBnodEE pim GR6AHIS O QYRR CATBBbei al
coring fluid ganrdk, BlIGWREY @ringRenfRéRd.ate interval in the main wel |
before the coring process begi ns. | 0064] The down-hol e el ectro-nmechanic

system &Q@ZH)eAﬂdﬁ'tetQ@?ﬂedcme@ﬁﬁﬁ sanfpdisingvihe invadtien dvelvesi the pligging of the
o ! : |
muni cat i on (ﬁor rre lhhtﬂe é?g%'vvzﬂl %ﬁ%rt ﬁrﬂatsobé&? &ﬂé%@héﬁcﬁé@ o:le cagt e

preferably per V|a a ca 0ggi ng 1 oo
down- hol e nenplugged ywdiecliorcaf @ spesial \pitigein they corzerr hole; withng pluddivbRing

0065] Th hi f er abl des_down- hol ts of
Coring. 1o qucsWaIRE eRal ik (e BRMaMOS  Eshacy. SMFRSPIL BRI o

det er m nat i onydlhg b%d@ﬁ%lé@r‘éeﬁé&@qlruid or eIQﬁp@rcbﬁfbn@Eﬁ#yr&rP@é‘ué'ééfb
allow the core to be | oaded torc1ue and/or axial force, and to neasure

the | oad (torRRiERIaRE @[taHY(ﬁH)”\e eThe coring systemcan also allow the
detecti pihed] EhsBAPSYTY 6raéé<§’dre9rcan be used for special or deep information

gathering. A special coring fluid can be placed at the appropriate interval in the
main well before the coring process begins.

[0064] The down-hole electro-mechanic system can be controlled from surface via
remote communication. Communication between the logging system to the
coring machine is preferably performed via a cable. The logging tool may also
store data in down-hole memory, in which case the system may operate using
a battery.

[0065] The coring machine preferably provides down-hole measurements of coring
torque; axial force (WOB) (in both directions). These allow determination of
rock mechanic properties. The coring machine can also allow the core to be
loaded with torque and/or axial force, and to measure the load (torque/ axial
load).

[0066] The coring system can also allow the detection of displacement (axial or
rotation) of the core which can be used to obtain a direct measurement of rock
mechanical properties. One example is to determine the Coulomb failure
diagram.

[0067] The cutting teeth can be arranged to cut the core with a cylindrical step at the
extremity to help in this determination. A pinching mechanism can be set to

select to pinch on small or large diameters of the core tip. This can be used to



rotation) of the core which can be used to obtain a direct measurenent of
rock mechani cal properties. One exanple is to determne the Coul onb failure
di agram WwOQ6ijosds3e cutting teeth can be arranged to culrCrTiru20@v®06Bthh a
cylindrical step at the extremty to help in this determ nation. A pinching
mechani sm can be set to select to pinch on small or large dianmeters of the
core tip. This can be used todeterm ne the nmain conpression stress

per pendi cular to the cored hole axis. The neasurenents can be performed for
multiple cored hole drilled in diffgpent directions in a the sane
formation. At |east six independent neasurenents can be taken, allow ng
determ nation of the principal stresses in the rock. Young's nodul us can be

obt ai ned by higtdhing tii@inhaln ecopiprassionstreds apmro@rrdmaeto Usd bered<h@lk dx@adi ng
on the core i.p the core l%?rrel ased on Eulers' fornmula). Poisson's ratio

b
can be obt ai MERSWEMENTS R P r@“@drf%lmé'llt'm%&ﬁl'f‘?ﬁ’gh‘ﬂﬁ driflad i differrtween
two opposi te didiichs RONMREESmEASHn It Iéé%fjslkﬁn&élﬁdo%gf a0 ats: cgh00681

A coring process according to the invention 1s prefera based on
rotation of thgetaken, a.llvao@|dab@rnanaimmoﬂ1tb:eepm3ameé@ﬂre§smtmth$mh Xoung'Sbyno

notor. Prefer h h case
a full-bore vrﬁﬁé\l/%u%tgﬁﬁbdgbﬁ@fﬁqd%t@ﬁh '@%EGZPRW-@@:&&S&%@%& Cﬂ{f)'su%fﬁgovx/s a
full- bolr e chazx;t&l Ioégmg]hbhethﬁorcerd)amrthb toret herrbbr(bﬁéechhm clznlwitshcfb@nuna) or. g
It is also preferre at the core ¢ as the drilling notor an
that “the. cor QS P RETISGIRALT PHE BINGUHE [HeSRRIRE POEEHOTha
system accor @eﬂﬂeé@tﬁ&@pbéﬁ(@%d@ﬂcéﬂ@c@%éﬁ Sxidl Ibad(i’éaﬁﬁﬂiéd% tR8Qbfe. at the

bottom of the well. The deviation angle for the cored can be set to
zero, 4PPERE Wycaiindipwsess iageordingeto hetaventioaris arefierably dasewonfthe etatiah n

wel | or at ftblfltngquogpé%sl b[/d%%%lmn': 6|EW it (ia%feﬁ%é%onogu&{]l O:}Q\é\?g\érkoo%oo\r’f%{m ngs

apparent fromt oW ng”descri p I on. Scrrp

[0071] Fi gur @réfessiuiysthe rgetoemal itsi eamsohissibe arehioliowaippahishussscchilldiorg t o

the inventi Valve can be installed in the motor by-pass hole. This allows a full-bore channel
from the core barrel to the top of the down-hole motor. It is also preferred that
the core can pass through the drilling motor and that the core can be fished by

~ slick line through the tubing.

[0069] The system according to the invention can operate with deviation angle at the
boitom of the well. The deviation angle for the cored hole can be set to zero,
allowing an under-size core to be taken at the bottom of the main well or at full
hole size.

[0070] Further aspects of the invention will be apparent from the following description.
Brief description of the drawings

[0071] Figure 1 shows a general view of the coring apparatus according to the
invention;

Figure 2 shows the rotary head of the coring apparatus of Figure 1;

Figure 3 shows an axial pushing system;
Figures 4a and 4b show a coring tool;
Figure 5 shows a fluid circulation system;

Figure 6 shows a coring apparatus with a deviation guide;
Figures 7a and 7b show an alternative construction to allow axial position
control of the deviation guide;

Figure 8 shows an orienting sub to allow correct orientation of the deviation



Figure 2 shows the rotary head of the coring apparatus of Figure 1; Figure
3 shows an axial pushing system Figures 4a and 4b show a coring tool;

Fi gure 5 wbaes/@ofsbui d circul ati on system Figure 6 ShoRETARU2008/000578
apparatus with a deviation guide; Figures 7a and 7b show an alternative
construction to allow axial position control of the deviation guide; Figure
8 shows an orienting sub to allow correct orientation of the

devi ati ongui de; Figures 9a and 9b show an alternative design for orienting
t he guide tool-face; Figures 10a and310b show a design to all ow angul ar
referencing of the core inside the core barrel; Figure 1la shows the core
barrel containing a core and a spacer/protector; Figure 11b details the
spacer/ pr ot eq@uide;bl ock; Figure 12a shows a nodified deviation guide with a

t hol . K i h in: Fj 12b sh the trap key rin
const Puct L on IRVER Shant ob el 8 Aiyatis deblinpE ARt a Medddsiondattie
storage hol e;Fifinger f0al ang MOBSside aCGééi?ﬂ t6 MoneBERISH rdfBrdridfh S bPIRIEORO! €;

Figure 14a shows a nodified core barrel to permt a pressuriZed core to be
retrieved at 'P¥iesurface; Figurée4b shows a pl uggrewhi ch can be udagreln

e
of the rotaryigesd tilt11bFi gur eded@ilshows thecor i ngpacel/pmitédton conbiloek;i on
the ext ernal OBS 135 SVBURG SRAIRShOS et aTISBvLh GueiaRe BRiser §pebRe bend
section of athering tool with flexible gRebioOns; in;
Figure 12b shows the trap key ring construction which enables the coring tool
to open the trap door to the storage hole;
Figure 13 shows the coring tool engaged in the storage hole;
Figure 14a shows a modified core barrel to permit a pressurized core to be
retrieved at the surface;
Figure 14b shows a plug, which can be used in place of a spacer;
Figure 15 shows the coring apparatus whilst in operation;
Figure 16 shows a modified apparatus that avoids the adjustment of the rotary
head tilt;
Figure 17 shows a coring tool with a combination of rigid and flexible sections:
Figure 18a shows the oval deformation of the external tube in a bend section:
Figure 18b shows the shape of the bend section of a coring tool with flexible
sections;
Figure 19a shows the coring tool can be used to steer the cored hole away
from the main well in a curved trajectory;
Figure 19b shows the shape of the pre-bent internal fube inside the external
tube in the situation shown in Figure 19a;
Figure 20 shows the diameter of the core and the natural bending within the
core barrel;
Figure 21 shows the installation of a spacer into the core barrel when flexible
sections are used in the core barrel;
Figure 22a shows the downhole logging tools used for analysing the core whilst
in downhole conditions;



Figure 19a shows the coring tool can be used to steer the cored hol e away
fromthe main well in a curved trajectory; Figure 19b shows the shape of

t he pre-beotointsessnal tube i nside the external tube in rhe/R20082000678 Shown
in Figure 19a; Figure 20 shows the diameter of the core and the natural
bending wthin the core barrel; Figure 2 1 shows the installation of a
spacer into the core barrel when flexible sections are used in the core
barrel; Figure 22a shows the downhol e | ogging tools used for analysing the
core whil st in downhol e conditions; gure 22b shows a cross section of the
same shown in figure 22a; Figures 23a and b show net hods of determ ning the
core dianeter within the core barrel; Figure 24 shows the coring apparatus
used for enapigurg 22orshdwsshd ngody sddtiok bf nige; sEMgurshops dmofigurg éaa'ph

showi ng the Coul o failure criteri i ch defi t rg i | a of
he T ock:  anbioFTeRAaa Acch shneaRsdd edliNiod e e (HEhUEE i Bio
experienced py.the core. Mde(s) for carrying out the invention [GaTd]
Figure 1 shows a general view of one enbodi mag)td ofakhhe“i nve %\lonb TE
coring appar Biguse 24i shawsdthe eoringvapparatugryseskiog e P%hc%rﬁﬂ% K PY i} &Eori ng
tool 3. The g'ﬂ s, Ng apparatus is also equipped with a neans to generate

axi al force "di spl acenent. This is preferabl é fpgarfor[nec_l by the crawling
system 4 of Fhpre @5 sippweal grapheshowrirg tike Gaulomh fBdursueieda syhieh Wglineht o

the formation by the deviation quide 5. This guidg. lsS sup .ed by
cori ng machi ﬂl? via t PWfHport teﬁ'gni sm 69PI n a iérst i rrg?%ﬁrient ati%'lr;\t?3 t he

coring systepdite idbs5RdWEdhé raréde inwlhict? inéitu strebsed bree expdilienced byitse cabl e
al so feeds el ectrical power to the coring tool, as well as insuring
telenetry bet®®en the tool and the surface unit

Mode(s) for carrying out the invention

[0072] Figure 1 shows a general view of one embodiment of the invention. The coring
apparatus 1 includes a lower rotary head 2 which supports the coring fool 3.
The coring apparatus is also equipped with a means to generate axial force
and displacement. This is preferably performed by the crawling system 4 of the
coring tool. The core barrel can be pushed side-way into the formation by the
deviation guide 5. This guide is supported by the coring machine via the
support mechanism 6. In a first implementation, the coring system is installed in
the well 9 via a wireline cable 7: this cable also feeds electrical power to the
coring tool, as well as insuring telemetry between the tool and the surface unit
8.

[0073] Figure 2 shows the rotary head in more detail. The lower rotary head 2 of the
coring machine 1 is driven by a motor 10 and an optional gear box 11. The
rotary head may be inclined versus the main coring tool axis thanks to a tilting
system 12. It can also be a permanent bend sub, similar to the construction of
steering motor used for directional drilling application. The azimuth of the plane
containing the axes of the lower rotary head and the tool can also be imposed
by a specific mechanism 13. This mechanism can orient the bend sub (which

creates the axis inclination); another solution is to use a tilting system which

can operate in all planes.



8. [0073] Figure 2 shows the rotary head in nore detail. The |lower rotary
head 2 of the coring nmachine 1 is driven by a notor 10 and an optional gear
box 11. TWe wmm@nssohead may be inclined versus the nai nPCOMUHSI0OOd78 axi S
thanks to a tilting system 12. It can also be a permanent bend sub, simlar
to the construction of steering notor used for directional drilling
application. The azinmuth of the plane containing the axes of the | ower
rotary head and the tool can al so be inposed by a specific nechani sm 13.
Thi s mechani sm can orient the bend gub (which creates the axis

i nclination); another solution is to use a tilting systemwhich can operate
in all planes. [0074] The internal torque transm ssion systemis designed to

b | bl th t d
e hol KaiAndng el abB i et SUaiBh B Udporeto6 Compao B iSRRG,
shaft 15. TheagHbl¥éndihtien iof teohead. | Theprotarydieagl istellout mq/taﬂmlneée@@y a

t toth tsid f 6 ,0of this. hoallo 7
angUl ar posi FBAeoMIea 1dndf o EXerBRdred B RS T dPar TGotiE iotehi o,
17. This maﬁHgﬁQfﬁ/“é\ﬁd@%ﬁnMé rdthfy BRAREHY tcdnnbEtdh W tHe betskiepduataved16 afer .
[ 0076] Figure an ‘axi al pushl ng system or "crawer". The crawer 4

of the cori nthisshohdwehaftconsi sts at | east of one set of pads 20 whi ch can

be pushed radially against the well bore, thanks to the radially extending
syst em[@075] Thesangudatspositian of theeshafhimmegsured By the @ngylar Hosition sansor

the 1 over parlt- Ereghessiseegt BBl pehetis i fumh ualabtagl 207 o7

barr el e core. ,This S gene ot ligcenent
of 't he (8078581 S shoheerhaR BuishinGgyifomP B Phaiic  Ifie Brhillerth BPliRe

i nvol vi ng hydbang infachine 2Zonaitat IES@[ObffmTe setodf adsp2G erhiohean baguekednsi on
mechani sm has reached full extensi
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e "ot BB A T B ss@g‘aﬁit?gs?2'3@“?&?0;%;@;%mﬂﬁﬁnt“e
mechanism 22 allows a push/pull effect on the lower part of the coring tool,
including the rotary head, the core barrel and the core. This push/pull effect
generates the axial displacement of the coring tool in the well-bore. An
hydraulic pressure system, involving hydraulic oil 23 can be used for such
purpose. When the extension mechanism has reached full extension, the pads
are retracted: the weight of the system is then supported either by the coring
tool engaged in the formation around the core or by the wireline cable or by a
mixture of the two. The extension mechanism is then contracted; the pads are
re-opened against the well-bore and a new pushing extension can then start.
The system is used in such a way to generate the required “weight-on-bit”

during coring.

[0077] It should be noted that with such typical system, the forwards push for drilling is
delivered by the crawling system, while the upwards movement can be
achieved by pull on the wireline cable. However, the crawling system can assist

the upwards pull of the core out of the out of the tight cored hole.

[0078] For efficient operation in highly inclined wells (or horizontal wells), a second set
of pads 24 below the axial extension mechanism can be installed. With such a

construction, the system can then move forwards and backwards with no

dependence on gravity.



re-opened agai nst the well-bore and a new pushi ng extension can then start.
The systemis used in such a way to generate the required "weight-on-bit"
during cowDrg10/4seé7] 1t should be noted that w th suchpPCymweds/egesem the
forwards push for drilling is delivered by the crawling system while the
upwar ds novenent can be achieved by pull on the wireline cable. However,
the craw ing system can assist the upwards pull of the core out of the out
of the tight cored hole. [0078] For efficient operation in highly inclined
wells (or horizontal wells), a second set of pads 24 bel ow the axi al

ext ensi on nechani smcan be installed. Wth such a construction, the system
can then nove forwards and backwards with no dependence on gravity.[0079]
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cutting teet fhawell (arwdaldeicsroan be alsahe arpliediby thewcsawieby the | ower rotary
head of the coring system as descri bed above. The external rotary tube is
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when the coring tool enters into ormat1 on er hal
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thin tube. The cl.earance between the external rotayy.tube and the | nternal
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to slide upwards into the caring There is typically enough friction

to keep the ¢HPEAbRGIERATS! @3tsw@pphggl:ﬁe]gbreséthwh@nttbgéprin@ tadlengars e dle
sol ution, thigmdioR 4%/ This internal barrel does normally not rotate. This internal static
core barrel is made of a thin tube. The clearance between the external rotary
tube and the internal static core barrel is quite small (typically in the range of

millimetres).

[0081] In the normal design, this internal static barrel 33 allows the core to slide
upwards into the coring tool 3. There is typically enough friction to keep the
core engaged in the internal static tube. In the proposed solution, this internal
static tube 33 is connected to a shaft 34 which extends inside the bore of the
rotary head 2 and its hollow shaft 15. This extension shaft can be held static by
a control mechanism 35 inside the coring apparatus 1. This feature allows the
internal core barrel 33 to be held in a stationary position. In particular, the
internal core barrel stays static even if rotary friction is generated on its external
surface (for example direct friction due to small bending of the coring tool).

[0082] In some designs, this control mechanism can impose some movements onto
the internal core barrel to detach the core from the formation and retain it in the
barrel. This can be achieved thanks to a core pinching system 36 at the lower
extremity of the coring tool. The application of a controlled movement to the

internal core barrel allows the core to crack from the formation at the tip 43 of
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[0085] The coring tool may be constructed of sections of normal tool design separated
by more flexible sections. The purpose and construction of such a coring tool

will be described below.

[0086] Figure 5 shows the fluid circulation system in the coring apparatus. The coring
machine 1 includes a pump 45 driven by the motor 46: this motor is normally
powered by electricity (as being inside a wireline tool) but other motor types
could be used. This pump can be, but is not limited to, a Moyno-type pump.
The pump circulates well fluid from the main well around the teeth of the coring
tool. This fluid circulation insures the cooling of the core cutting teeth 21 at the
leading edge of the coring tool. The fluid circulation also transports the cuttings

47 away from the cutting zone 48 into the main well bore.

[0087] In conventional fluid circulation practice, the fluid is pumped downwards to the
cutting face in the small annulus 49 between the static internal tube and the
external rotary tube; the fluid then return to the main well via the annulus 50
between the formation and the external rotary tube of the coring tool. However,
in some applications, it is advantageous to use reverse circulation, compared

to the previously described path. This can be achieved by reversing the rotation
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[0090] Figure 6 shows the deviation guide. It acts as a typical whipstock and insures
side push of the coring tool towards the well-bore wall. It consists of an inclined
surface 55 (inclined versus the well axis). This angle can be in the range from 3
to 20 degrees, with a preference for an angle in the range of 6 degrees. In an

8.5" well, the width of the inclination/deviation guide can be in the range of 6.

[0091] In figure 6, the guide is equipped with a mechanism 56 to allow it to be locked
in a static position during the coring process. The preferred embodiment
includes a pad 57 which pushes the guide to one side of the well-bore. In the
preferred solution, the guide is pushed onto the opposite side of the well-bore
to that which is being cored. With such a method, any side force created during
the coring process reinforces the contact with the wall. This increases the

capability to resist an axial sliding effect as friction is then increased.

[0092] The control mechanism to set/unset the radial pads of guide can be a hydraulic
system. A hydraulic hose 60 is connected to the coring machine 1 and the
guide. Oil is forced into this hose by a pump 61 from a reservoir 62: the
reservoir is sealed by a volume compensating system such as a sealed sliding

piston 67. The normal hydrostatic pressure is applied to the external surface of



[0091] In figure 6, the guide is equipped with a nechanismb56 to allow it
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[0094] Figures 7a and 7b show an alternative construction to allow axial position

control of the deviation guide. It is based on a modification of the telescopic
mechanism. In this version, the guide 5 is supported by a set of continuous
bars or tube 70 which extend above the crawler. These bars 70 can be locked
onto the coring machine by the latches 71 and 72. Only one laich is acting at a
given time. With proper coordination of latching and usage of the extension
mechanism 22, it is possible to increase or decrease the distance between the
coring tool and the guide. In particular, during coring, latch 71 is locked when
the extension mechanism 22 is pushing the coring tool downwards, as a result
the guide and the pads 20 are not moving. When the extension mechanism
reaches full extension, the latches 71 and 72 are inverted, and the pads 20 and
24 opened. When the extension mechanism is then collapsed the guide will
remain static in the well bore. A particular advantage of this method is that the

load on pad 20 is reduced by the axial load of the guide.

[0095] Before the setting of the deviation guide at a given depth, the guide must be
orientated to the proper azimuth (or tool-face as it is commonly known in the
industry) so that the core is taken from the desired formation. Figure 8 shows
one of the preferred designs for doing this. It can be achieved by the use of an



given tinme. Wth proper coordination of |atching and usage of the extension
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nmeasure the angul ar offset of the orienting sub, for exanple, via an angl e
sensor 80. alfowing the determination of either magnetic or gravitational parameters.

[0098] In some embodiments, the navigation package can be above the orienting sub;
in which case, it is important to measure the angular offset of the orienting sub,

for example, via an angle sensor 80.

[0099] This use of orienting sub can be combined with multiple type of guides and

guide locking systems (in particular the proposed designs described above).

[00100] Figures 9a and 9b show another design for orienting the guide which does not
require an orienting sub. In this design the coring tool 3 itself is used as the
rotating mechanism for the guide. The external tube 30 of the coring tool is
equipped with an external key 85 on the bottom external surface just above the
cutting teeth 31. This key can engage in a complimentary groove 87 in a crown
86 attached to the inclined surface 55 of the deviation guide. The engagement
of the key in the groove is facilitated by the usage of large chamfer on the
extremities of the key and groove.

[00101] This engagement is only possible when the telescopic system is fully extended.
In this position, the tip of the coring tool is in the recess 88 of the guide 5.
When the coring tool key is engaged in the grove of the guide crown, the guide
turns with the rotary head until reaching the proper tool-face.
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with a key 90 which slides in a groove 91 of the core orientation reference

block 92. An axial movement can be imposed on this block 92 and it can either
be held rigid with the machine body 1 or with the rotary shaft 15. The axial

movement can be imposed by an electromagnet 93.

[00105] The locking of the block 92 to the shaft 15 can be achieved with a downwards
movement so that a tooth 94 engages in a recess of a disk 95 attached to the
shaft 15.

[00106] When moved upwards, the block 92 is linked with the machine body, following
only one tool-face. In a preferred embodiment, the tool-face of the internal tube
33 of the coring tool always engages the same tool-face, before and after re-
linking to the tool body via movement of the block 92. This unique tool-face
orientation can be easily achieved by using inclined contact interfaces 96 for
the shoulder between the orientation reference block 92 and the machine body
1. Such technique is commonly used to impose a single orientation to fishable
“measurements-while-drilling” apparatus (such as SLIMPULSE by
Schlumberger). It should be noted that the angle of the inclined contact

interfaces needs to be sufficient (probably above 45 degrees) for proper
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protect the HahiomE3aRrodt thBSHARINE of a core. After retrieval of the core out of the
cored hole, the core 41 is contained in the core barrel 3. In some
circumstances, it can be highly beneficial to protect the bottom face of the core

with a separating/protection layer 110, for example a stopper below the core

(figure 11a).
[00109] Figure 11b details the separation materials 110. This separation block has a

large chamfer 118 on its top to facilitate installation into the coring tool. 1t is
equipped with centralization mechanism such as bow spring 119 to keep it
centralized in the bore of the guide hole 112. These bow springs can become
flush with the outside surface of the separation block owing to the recesses
120. A seal 121 would protect the core from the well fluid after the insertion of

the separation block 11 into the internal tube 33 of the coring tool.

[00110] As is shown in figures 12a and 12b, the deviation guide can be modified to
include the separation materials 110. This material can be stored in a hole 112
in the guide. The bottom of the coring tool 3 can engage in this hole. For
example, the coring tool is equipped with key or tooth 85 and is pulled
backwards in the “trap key ring” 113 of the crown 86. The “trap key ring” 113 is
equipped with grooves (or teeth) 114 to allow engagement with the key or tooth



Wi th a separating/protection |layer 110, for exanple a stopper bel ow the
core (figure 1la). [00109] Figure 11b details the separation materials 110.
Thi s sepawvetzomvsid4ock has a | arge chanfer 118 on its topcr®Ri2ewidoid7at e
installation into the coring tool. It is equipped with centralization
mechani sm such as bow spring 119 to keep it centralized in the bore of the
gui de hole 112. These bow springs can becone flush wth the outside surface
of the separation block owing to the recesses 120. A seal 121 woul d protect
the core fromthe well fluid after fhe insertion of the separation block 11
into the internal tube 33 of the coring tool. [00110 As is shown in
figures 12a and 12b, the deviation guide can be nodified to include the
separ ati on me5eof thiescarin@. todhiEhisepestiugtion allops tbediatiom of theheore harrelita t he
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its hinge 11 e rotation o trap key ring" 113 is transntted to a
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coring tool be/thelength of the separation ) . )
[00113] Figure 13 shows the results when the trap 115 is opened, the coring tool 3 is

engaged in the guide hole 112 and has captured a separation block 110. The
core 41 has moved upwards in the coring tool by the length of the separation
block 110.

[00114] Figures 14a and 14b show a system for retreiving a pressurised core to the
surface. In this case, the core barrel can be plugged positively at both
extremities. With such a technique, the core will lose no fluid during the trip to
surface. The pressure surrounding the core also stays at a higher level. With
such a method, the properties of the core (pore and facture) as well as fluid
content will have minimum change during the trip to surface (as well as storage

in the core barrel).

[00115] To achieve this objective, the separation material 110 is replaced by a plug 125
with strong seals 121. The internal pressure generates an axial force which
tends to eject the plug 125 out of the coring tool 3. The mechanism to support
this axial force is composed of radial dogs 127 which engage in a
circumferential groove 129 of the internal tube 33 of the coring tool. These
dogs are pushed radially by the springs 128. This plug would be installed in

guide hole 112 in place of separation material.



bl ock 110. [001 14] Figures 1l4a and 14b show a systemfor retreiving a
pressurised core to the surface. In this case, the core barrel can be
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will lose no fluid during the trip to surface. The pressure surrounding the
core also stays at a higher level. Wth such a nethod, the properties of
the core (pore and facture) as well as fluid content will have m ni num

change during the trip to surface (as well as storage in the core barrel).
[001 15] To achieve this objective, 2he separation material 110 is replaced
by a plug 125 with strong seals 121 . The internal pressure generates an
axial force which tends to eject the plug 125 out of the coring tool 3. The
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he tub tr, er for this pressure-containing function. [001 17]
|Tt ei sup&f@qﬁﬁi %%e Bgﬁégﬁggtph'@qn ﬁ@sgﬁe@guwna@lesw ewedbaseal radla ldesmecfjlealueed
al ue. For thg i ' # val v . OWs
\r/mni toring of F?rhgﬁsgﬁ}gggg?'eéspgé%%ﬁ%cfi%rqg&'?ﬁg{ g(%r%é\.' H‘% g%\{r\{%rgi@&gl ngﬁ%r"}%g
coring machi ndedquassige strovatling the covep® peiatpe 130 instay tHeossriref mACRBRW

[ h ' h re out of the || due to cooling effects.
Lot 18] The eoeEliBedls bBREERES AL Ak 1955 tioReps e ihoE BRI ek
15). If this d¢wenat of henesil éde tdeosipgeefRictsa rigid formation can be
fractured by the bending effect, while rock froman unconsol i dated

f or mat i [PO196LTIee bevingbet Sholatundensd nd i lirfitddfoen@imPiisire 159, Wik 56; t he
chances of t hriegpgggg ?I?é rclzgfe E)fh g ri%Ci)J Ifonr(r“:]nattigglcan be fractured by the bending effect,
while rock from an unconsolidated formation would be reduced (at least
partially) to powder. To minimise the chances of this happening, the coring tool
3 should move in a straight direction 136 which should be essentially parallel to
the surface 55 of the deviation guide 5. This can be achieved easily by the use

of a short coring tool (less than 6 ft, for example).

[00119] The deviation guide does not need to cover the whole well-bore. At a
minimum, it must support and guide the coring tool near the entry into the
formation. Its edge 138 is typically at a distance of one diameter of the coring
tool away from the wall of the well. With this distance the cutting teeth 31 of the
coring tool 3 are not in contact with the guide 5, avoiding mutual damage.

[00120] The new coring machine can insure that the rotary head is always kept properly
aligned with the core barrel, even when the coring machine progresses on to
the deviation guide. This is achieved by substantially continuous adjustment of
the tilting mechanism 12 of the rotary head 2.

[00121] Figure 16 describes a method to avoid this adjustment of the rotary head tilt. A
transmission shaft 140 is inserted between the rotary head 2 and the coring
tool 3. The shaft is primarily bent in the zone 141. This point is initially close to

the coring tool at the beginning of the coring progress, and it is close to the
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shaft may be edﬂ pped wth stabilizers 142 to insure proper alignnent of

t he two axes cdring baplt he coring process. [00122] Wth such a configuration,
the transm ssion shaft should be as long as the coring tool. Al so, the
devi at i[00123]Thecrewfinvérdiogupeienitshoales toebeasxtranigdatiomhdeepsri (iadiathpmore
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[00124] The primary element of this solution is a coring tool made of two sections. The
bottom section 150 (up to 10 feet) is rigid as with a conventional core barrel;
the upper section 151 part, however, is flexible in bending (typically up to 90 ft).
The bending flexibility can be either flexible over its length or by alternating
rigid 152 and flexible 153 sections (such as a knuckle joint). The length of the
rigid section 150 and 152 should be equal or less than the length of the surface

55 deviation guide 5.

[00125] With such a tool, the coring tool is always properly aligned onto the deviation
guide before entering in the formation. This insures that the coring tool
progresses in a straight direction into the formation, with the deviation
corresponding to the angle of the guide. It should be noted that the deviation

angle is typically in the range of 4.5 degrees.

[00126] The flexible coring tool can be constructed from two thin tubes (a rotary
external tube 30 and a static internal tube 33) made of flexible material (with a
low Young’s modulus). Preferred materials include BeCu, Ti, or composites

(fiber and resin).

[00127] Figures 18a and 18b show the shape of the bend section. The bending
requirement 154 is the angle of the guide over a distance typically of 1 ft. The



bottom section 150 (up to 10 feet) is rigid as with a conventional core
barrel; the upper section 151 part, however, is flexible in bending

(typi cal lwoupiooso®0 ft). The bending flexibility can bePpertRiznosidoests bl e
over its length or by alternating rigid 152 and flexible 153 sections (such
as a knuckle joint). The length of the rigid section 150 and 152 shoul d be
equal or less than the length of the surface 55 deviation guide 5. [00125]
Wth such a tool, the coring tool is always properly aligned onto the
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tube. The bel : > a spiral so that the fl ow between the 2
t ubes can easél @%B?Qﬁ%?lﬁﬂzéeqﬁ’é%g] Wth this enbodi nent of coring barrel,

the Cor[801159]i\mtﬁitﬁllsl é(mﬁbéiﬁ{émtof%rrihagoérrﬁ, the core is initially straight during the
drilling process. However, when the coring tool is retracted out of the formation,
temporary bending is imposed in order to re-align to the axis of the main well.
This bending is also imposed onto the cored element. Depending of the
properties of the core, this can have negative effects such as cracking in the
core or compression of the pores. In the instance that the coring tool is made of
rigid/flexible sections, it may be advisable not to use the core in the bending
section for analysis. Typically 6 ft are kept straight while 1 ft of core is

submitted to bending effect (and the associated perturbations).

[00130] If the coring tool is made of a rigid bottom part and flexible upper part, the
bending is distributed over a long distance, so that the perturbation may be
negligible. However with extremely sensitive rock, perturbation may be induced
over the long section: but the bottom section (typically 6 ft) will be fully

conserved.

[00131] The rigid and flexible coring tool can be modified to steer the cored hole away
from the main well (Figures 19a and 19b) in a curved trajectory. With such a
design, it is possible to increase the distance 135 between the end of the cored
hole and the main hole. For example, with a 30 ft coring tool, this distance
could reach 5 to 10 ft.



drilling process. However, when the coring tool is retracted out of the
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Dependi ng of the properties of the core, this can have negative effects
such as cracking in the core or conpression of the pores. In the instance
that the coring tool is made of rigid/flexible sections, it may be

advi sabl e not to use the core in the bending section for anal ysi s.

Typically 6 ft are kept straight whi?® 1 ft of core is submitted to bending
effect (and the associ ated perturbations). [00130] If the coring tool is
made of a rigid bottompart and fl exi bl e upper part, the bending is
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19b) in a curdeslgnrajectory. Wth such a design, it is possible to increase
the di stance 135 between the end of the cored hole and the main hole. For
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pl ane. Thi s |meaﬁ1u@vgﬁa¢y1eodu0| ng permanent bending in the section 153 of
the previously described design. [00133] Referring to the coring tool with
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permanently 1 nduced bent in the flex zone 153: this tube has the natural
shape 160. [ ob1tBaexigieal rolary tyhe3B sathatibe codng éocé@dmsham RiEnites e Hp t ool
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tool 3 has a shape simlar to the nterna St at
bendi ng, as tlhmos)eddletmdingbgbﬂneaﬁtama;lltsbes38he i nposed bendi ng by the
I nternal tube 33).

[00135] The coring tool would then be in the core hole as shown in figure 19a. The hole

has a natural curve 161, as the bit face 162 is not perpendicular to the hole
axis 163 at the bottom and the coring tool is touching the hole wall at the first
bend 164.

[00136] The theoretical build angle corresponds to the angle 166 (between bit axis 165
and hole axis 163 at the end of the hole, divided by the length of the first
straight section 150. The build angle is very small with the typical geometry for
coring system.

[00137] For example, for a hole size of 2.5”; coring tool outer diameter of 2,0”; length of
the first straight section of 3 ft, the build-up rate in this instance could be in the
range of 0.36 degrees per metre. For a coring of total length of 30 ft, this
change in deviation is 3.6 degrees. This corresponds to double the distance
135, so that it can reach up to 5 ft from the main hole (with a 30 ft coring tool).

[00138] During coring process the internal tube 33 is kept static, so that the plane of
bending is kept essentially constant. The external tube 30 rotates and drives
the cutting process via the teeth 31. It should be noted that the section 150 is
normally half the length of section 152 for proper installation in the curved hole

161. The rotary tube 3 experiences friction with the bore hole at the bend points



[ 00135] The coring tool would then be in the core hole as shown in figure
19a. The hole has a natural curve 161 , as the bit face 162 is not
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diameter 171 of the coring crown made by the teeth 31. This insures that the
diameter of the core 41 is smaller the internal tube 33. A deformable lining 172
of the tube 33 insures that the core does not rattle in the core barrel. The curve
173 may be measured in the laboratory as verification of the achieved build-up

for the cored hole.

[00142] In figure 21, the pre-flex coring tool 180 is maintained straight in the main well
bore thanks to distributed guidance systems 181 attached to the telescopic
structure 6.

[00143] The use of this pre-flexed coring tool needs special procedure to insure the
core moving up the core barrel does not pass through a bent section. Each
time that the coring process has progressed by a length equal to the length of
the first straight section 150, the new core reaches the first bend. The coring
tool then has to pull out of the cored hole and be brought back in the main well
into a straight position.Only in this straight position should the new core be
pushed across the flexible section (which is currently being held straight) into

other straight sections (ideally against already stored cores).

[00144] This pushing upwards can be performed as following:
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- With such a displacement during this push, the cores never pass through

bend of the coring tool. They are also always contained in straight section

of the coring tool. This avoids damage of the core.

[00145] For downhole core analysis, weight-on-bit (WOB) and torque measurements
can be made by the coring machine during the coring process. Combined with
coring rate of penetration (ROP), these parameters allow computation of rock
mechanical parameters, allowing determination of change of rock properties.
For proper cutting torque evaluation, it is important to first measure the torque
when the cutting tool is not touching the bottom: this is the rotary friction torque

due to the small clearance involved with coring tool.

[00146] This method to determine rock characteristic from drilling parameters is more
accurate than the result achieved while drilling the well with a conventional drill
bit, as the cutting only occurs at the same condition (tangential linear speed in
particular during coring; but with a conventional drill bit, the cutting parameters

are dependant on the position under the bit face).

[00147] Reverse circulation can be used to circulated the cuttings into the small
annulus between the rotary tube and the static tube. The flow is loaded with

cuttings generated by the cutting teeth. These cuttings finally reach the internal



Wth such a displacenent during this push, the cores never pass through
bend of the coring tool. They are also always contained in straight section
of the cowprgivosas40 Thi s avoi ds danage of the core. [00P¢BIRUZ008/0desmRhol e
core analysis, weight-on-bit (WOB) and torque neasurenents can be made by
the coring machine during the coring process. Conbined with coring rate of
penetration (ROP), these paraneters allow conputation of rock nmechanical
paraneters, allow ng determ nation of change of rock properties. For proper
cutting torque evaluation, it is inpgrtant to first neasure the torque when
the cutting tool is not touching the bottom this is the rotary friction
torque due to the small clearance involved with coring tool. [00146] This
net hod to detevamiver ofdicd coling &l eCuitihys sfzeamalysis tamgenrirfompedrtsy, bat ABY €

accurate than.the result achieved ile drilling the well with a
con\ljent i onal qﬁ%"?qq t%?ﬁ'}raﬁgn'fslh@\éﬁﬁ?'t %@'Wﬂﬁi?aélﬂfﬁ%‘?%ntﬁtaﬂ%@t@wﬂa asgpeiatadon

(tangential |wigearfispessarifg Risthb&UsalerdH b %s@%bngidsbéa Bk tddndbined for
conventional drill bit, the cutting paraneters are dependant on tﬂe

posi tion unddRotenacerater deteymination of jcuitingsr haractedsiics: iUsing s leaalysisdint o
circulated t 3‘1-9{&-' il al | otary.tube and
the static tli}g)g. Thlgﬂgli§ Ig:l/v@l?g p}eggtc@@ﬁlwlq %ﬁ]%ulgtoﬁd ng'gie\évgﬁ@?’%{b gg;%{’grf%é'oﬁu{;ft I ng
teeth. These roechdnical fropeitieg ofermcks,t bepeatalyr ifithishandipsis d§ ddaeciatsd ngiht ool .

Cut ti i ' b f d by, but not limited to, ult i

ans Saems: SRR a8 o B e Viou S Bttt hoa [1 tor oheani g
t hod. f. th t hod b nbi ned f t

Tt or m RTEVE o B TG P To ek Mt 81 D frenntrtedsmyar Acip8o, distance,

conj unct i on \wvollind dap@betandtmedifitatidn e tﬁ@ﬁ:@fiinbgloﬁxriﬁg'tﬁ@’ﬁlaﬁgﬁ’éﬁpgcrbbgé.at i on

of mechani cal properties of rocks, especially 1f thi§ analysis
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[00148] Wth this coring Erocess, ne cuttings are not transported over a
| ong di st ancdi9UERRRAR rAfidddRgEhasigviationf gwide ican bé indtrursented nuith densorg t he

transport prQg¢ . 60 . f.ar =N | aggi ng of .the core in
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can be i nstr gieterdnedvon lihe ensobefore the core is submitted to the perturbations due to
change of temperature and pressure while “tripping” out of the well, as well as
risk of lost of pore fluid during the trip out and storage.

[00150] For this objective, the deviation guide may be equipped with a chamber 200
which supports and/or contains detectors and associated control electronics.
This chamber can be integrated in the guide; or it can be a small logging tool
parallel to the coring tool when exiting into the main well from the cored hole.
When the core is pulled backwards in the main hole, the core is passing in front
of the detectors, allowing analysis of the core versus the core axial position.
The core can be rotated during the logging process for either imaging or
tomography purpose.

[00151] As detector, a gamma-ray detector 201 can be used to determine the natural
radio-activity of the core. This detector may be based on scintillation crystal
associated with photo-multiplier tube. A shield 202 may be installed on the
back-side of the detector (and even around the core) to limit the perturbation of
the measurement by surrounding rock (which may-have a very similar
characteristic as it may be the same rock). The shield may be made of lead or

any heavy metal. Also, it is advisable to measure the noise background at this



simlar to open-hole | ogging, so that direct |ogging information can be
determ ned on the core before the core is submtted to the perturbations
due to chapgeloafsogdenper ature and pressure while "tri ppi rgT/Rabosm00d7TRE wel |,
as well as risk of lost of pore fluid during the trip out and storage.

[ 00150] For this objective, the deviation guide may be equipped with a
chanber 200 whi ch supports and/or contains detectors and associ ated contr ol
el ectronics. This chanber can be integrated in the guide; or it can be a
smal |l logging tool parallel to the gjoring tool when exiting into the main
well fromthe cored hole. Wien the core is pulled backwards in the nmain
hole, the core is passing in front of the detectors, allow ng anal ysis of
the core ver ggpthtwithaarecevei ialthpasiing dool: Fie noiseccarathepebe subiraded diomhg t he

| oggi ng process for either imaging or .tanography purpose. [00151] As
detector, a H¥nieadingwhen 8 o6t S%lgdnggegg@gg%oﬁ’ p [ ]
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limt the per Ion of the neasurenent by surrounding rock &v\,hi c%h

may- have a vérey psoxiiityr ot fiaulacTisi &pe cofagonirolnisy also wHal WhkE FYU9 T0fhe
shield may be nad e ; | i hrdsSorcdbiiadds: #o
neasure the ﬁ8f'§%ne[8§%ﬁm@gu’g\x@fé] ﬁﬁrcgog%%thﬁ%wgt %eé{te?gu%\}(\)/%reolsis% t he corigng
tool : this ngigigaleasubethah thescdreriataked formothe heopesfetmadionhen a core is
present in the coring tool. [00152] Gamma-ray neasurenent allows to verify
t hat t hgo 53] ThiRmbRaReinekENs f Brdirddh equatityp eontrof naft then pratess: dancags of

critical in conplex or fracture geol ogy.or in. the proxim I Thi s
type of cont r"&ﬁrg)ei%'aéﬁ %eﬁ)@répt‘%ghc%ggHB"\EQHWWCQ‘%%MQIth%gho\rff\%rF?re\Ahi l e
the cored holgyisafli ff HGtiGsle $RVABPeLaredst . it is vital to insure that
the core is taEen ormthe proper formation. [00153] This neasurenent is a

ext ract AR e S BB e Core. cspecral 1y
if nultiple gaomagay eadiaractiveisayreeakippically Cs132), as typically performed wit
wireline logging tool. The density can be measured by back-scattering, allowing
the source to be installed on the same side as the detector (everything is in the
logging tool). However, it would be possible to install the gamma-ray source
203 on the opposite side (in the guide for example) of the gamma-ray detector

204 inside the logging tool.

[00155] It should be noted that the natural gamma-ray measurement may be perturbed
by the presence of the gamma-ray radio-active source. Enough distance and
shielding 205 should be allowed to limit the perturbation.

[00156] With the density measurement, the measurement can be performed with the
core in rotation (by rotation of the coring machine). This allows the anisotropy
and non-uniform density in the core section to be determined. This analysis can

even become a scanning process (tomography) with the preferred design:
- Source and detector on opposite sides of the core.

- The line 206 passing from the source 204 to the detector 203 does not
pass through the center 207 of the core 41.

[00157] The tomography resolution can be improved by using a second illumination

cord: this can be achieved by one of the following systems:



[ 00154] The | oggi ng system can al so be equi pped for gammua-gamma density,
using a ganma-ray radi o-active source (typically Cs132), as typically

per f or medwoizbtv/osbs4el i ne | oggi ng tool. The density can becrrarwsadodry
back-scattering, allowing the source to be installed on the sane side as
the detector (everything is in the logging tool). However, it would be
possible to install the gamma-ray source 203 on the opposite side (in the
gui de for exanple) of the gamma-ray detector 204 inside the |ogging tool.
[ 00155] It should be noted that the 3patural gamma-ray neasurenent nay be
perturbed by the presence of the gamma-ray radi o-active source. Enough

di stance and shi el ding 205 should be allowed to limt the perturbation.

[ 00156] Wth fhe ety . erforned, with
the core in rotat Qgg%{fgymggﬁiqi{:@n%gﬁw? Weilﬁ%Hg}rgfﬁan/gg ﬁnﬁﬁé%@&#ﬁ? Eeé{'?%ﬂ%ed[ he
ani sotropy and nosideway®rQorgetosidgyaphy tdreteor ise pecfoimed twicee colesSoHANRS.

Thi s anal ysis can n becone scanni ng process (tonography) wth the
preferred desi gn:t°§§§ﬁ‘£¥8?@\%‘a‘"a@?'&8%?- on opposite sides of the core. The
| i ne 206 passing from.the sour c§?204 to the detector 203 does not pass

f
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can be inproved byedsirethehts RABMhg Mo MiMHAIBR ©Rddacloll $heastebe achi eved
by one of the foll ow ng systens: Use of a nmechanica ?eature V\/ﬁl ch all ows

the corjona5BpREndify bRedbsRhAGRS Hnde 2R Caft
perfor rr[ed tvmp.cer,] ltélo_rrgspondi nggt c?lntgh\é@mr%)ﬁm nat ?%%Q%ﬁ?hga?e UZ@BSEg%t
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fol l ow ng twogjdyl Mﬁ@gmm&%ﬁ?ﬂﬁé%ﬁﬁfpgtfgﬁg%%re' [ 00158] Density

measur enents and tonography hportant information for core
char act g ebi | i Initial down-hole conditiaons such a
pressur @,bbl 'EE5 gjrr%%(?tg%t B(Facﬁ)té)ﬁ ga pcgcglgnelfcrl%ira%a's . %'a‘f\égf’f%ﬂ??ﬁg‘?y 6'?'8d8¥%’3'°@0\§n e
measur enent porpodiathetsyr (figuses BS&NEHAOR3bE It he ropmalldisappbesd (hatomeesord3a
and 23b). It &S nor mal IQ{ ?u(g)posed that the core
lameter equals the internal diameter of the cutting edge of the coring tool.
However, due to mechanical damage, this may not be the case. Furthermore,
the core geometry may be changing with time (after being subject to wetting
with inadequate fluids), change of pressure and temperature. Analysing the
core diameter at different conditions (for example just after coring, at the
surface and in the lab) is a good quality control parameter for the “aging” of the

core.

[00160] This measurement can be performed by different techniques. In one design,
the internal static tube 33 may be equipped with an axial groove 210. This tube
may be slightly smaller than the internal diameter 171 of the cutting teeth 31,
so that the core has to open the internal tube 33. A conical section 211 helps
this opening effect when the core is pushed upwards into the tube 33. When
the internal tube 33 is opened by the core, its groove 210 is also wider, as well
as its overall diameter. The change of the diameter of tube 33 can be
determined by external measurements. As one of the preferred methods, the
gap between the two tubes 30, 33 can be measured by a ultrasonic transducer
212 (pulse-echo method or decay of resonance): the measurements would
consist of the times of flight for the two acoustic paths 213, 214. The difference
between these two measurements multiplied by the acoustic velocity in the fluid
allows the determination of the gap.



di aneter equals the internal dianeter of the cutting edge of the coring
tool. However, due to nmechanical danage, this may not be the case.

Fur t her nowe,20tomsos0r e geonetry may be changi ng with ti meCrafiters/doai7ag
subject to wetting with inadequate fluids), change of pressure and
tenperature. Analysing the core dianeter at different conditions (for
exanpl e just after coring, at the surface and in the lab) is a good quality
control paraneter for the "aging" of the core. [00160] This neasurenent can
be perfornmed by different techniques3 In one design, the internal static
tube 33 may be equi pped with an axial groove 210. This tube may be slightly
smal l er than the internal dianeter 171 of the cutting teeth 3 1, so that

t he cor ' r ; j ¥ pg this
oponi nlo0r P ARG e dbrehiE idthol 15 Batht of fieuticfite) RAEC I eddon RO e
i nt ernal t ubethB3sadtionpthecitibb\33 isesligbtly oval & igrin cvntagt withdwal protukiegancesas

well as its | di er... Th e, of | .0f b
det erm ned b?@%ﬁ?%f@hgdwgﬁﬁtcﬁ% %%e%?&ﬂ%%?%?étjé)gSFolr':@%ﬁﬁs, %'?hee
gig l(oet \lNeen téﬁﬁe,t WPﬁt ghﬁabeﬁr@ncé?s? %1961 beforraasi ed);]tbmah piper &0oniThet dirastducer
pul se-echo net hod or decay. of resopance): the nmeasur t

consi st of t rietesmipation of Fhegﬂ‘{gi'l%Pf fU(r?'rl? Qgﬂﬁ%@%&%ld?@rﬂﬁ@%ug%z %fﬁezﬁg# t'd|“r"?e

di fference betma@ejs.tgﬁ%vém dREHHhSIEN0F pipd BB HeicHidvRRGaUS Idafr of
velocity in the fluid allows the determ nation of the ga‘p.£h00161] Anot her

Co

measur ement nadistandei(or idigpiaceneniesaasnre & 174 18c attagheskon exqside| af thgi s

section, the 33,1 i I | ta,l ' ' ;

pr ot uber anceséﬁgltgtql%@ﬁgeé qqgh% Br@gﬂﬁﬁttg?lhtaﬁév%lrﬁl rty%%@?%?e%ﬁgﬂca{n‘r’@etu&gg 33 is

def ormed by tIhDT &lidingt ihecantaxt Wi ehasagace 16r déhesamid bensortay dedcribedgusio.

The direct determnation of the ovality,of tube., 33 Ilomrstf)%g)et m'nlethe
og e wsgd

di amet er of t3ROVEuBEEIAY cHifent SERSPTS: § Of e ARPIEALICBnINGeXiena

achi eved vi a gaRabval Sbcibirst ANeftaliPhxid SEJIFGE MiHng GiaRresSlodding, MkScatingached
onto the guide at the opposite dianeter of the coring tool. Several type of

det ect ors carfopk3 wdkk e rolateirsiomlyinhgnithe septiens 265 are i Bonk efcthe dgtectors
ultra-sonic SERSAY §§8_descri bed j ust

[00162] Thermal characteristic of the core may also be logged. For this measurement,
the core temperature is changed by an external heating or cooling action. The
evolution of the temperature versus the application of the perturbation is
measured, the temperature response to the heating step function, allows to
determine the specific heat and the thermal conductivity of the core, supposing
know the insulation to the well bore. This core specific heat and conductivity

are in relation with lithology, porosity and fluid properties.

[00163] A possible design for such a logging is to install a heater for the pumped fluid in
the coring tool, allowing hot fluid to circulate in the annulus between the two
tubes 30, 33 of the coring tool. The core response is measured by the logging
system via temperature probe or heat flux probe in contact to the external

surface of the coring tool.

[00164] The heating effect could be achieved by a current induction method in the core,
under controlled current generation. Current induction in the coring tool 3 and
the core 41 can be directly imposed by magnetic induction when AC current is
transmitted into a static winding attached to the guide. Another method for

current induction is to generate eddy current (or Foucault current). This can be



above, or eddy current sensors. For this application, the external tube 33
woul d have oval sections at certain axial position. During dianeter

| oggi ng, wbeomasisig tool 3 will be rotated sl owy when tPhe/RIRedSi0NES215 are
in front of the detectors 217 and 218. [00162] Thermal characteristic of
the core may al so be | ogged. For this nmeasurenent, the core tenperature is
changed by an external heating or cooling action. The evolution of the
tenperature versus the application of the perturbation is nmeasured, the
tenperature response to the heating3gtep function, allows to determ ne the
specific heat and the thermal conductivity of the core, supposing know the
insulation to the well bore. This core specific heat and conductivity are
in rel ation widhievedthoinstallingtargss stajicamaghetuiehr fhe gaide asd wheditbg]conng
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measured by the |ogging systemvia tenperature probe or heat flux probe in
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the core barrel through two coils: the coring tool should ideally be non-magnetic

and highly resistive. The coring tool may have to be constructed of composite

material (such as fiber glass and epoxy resin).

[00167] With rock mechanic science, the Coulomb failure criteria (figure 25) defines the
rupture criteria of the rock: the required level of shear to reach rock rupture

increases with the compression stress in the plane perpendicular to shear.

[00168] The coring machine according to the invention can allow this determination.
The coring tool is engaged in the formation during any coring process. Then
the coring tool rotation is stopped; the core is pinched (refer to figure 4); then
the internal tube is locked on the external tube (refer to figure 10). The rotary
head 2 applies torque to the coring tool 3, while torque is being measured: The
torque is slowly increased until rupture of the core face 43 of figure 10. After
rupture, the torque immediately reduces. The peak torque during the torque
increase phase corresponds to the rupture torque for the rock. For improved
rupture torque determination, the residual torque at low rotation speed after the
rock failure is measured, so that it can be subtracted for the peak torque (as

being only friction torque).



of the core resistivity. Then amount of heating would then be detected by
t he anobunt of induced current in the core volune. [00166] Core resitivity
coul d be woggmdsosant requires nore nodification of the ®OTIRIZEHONGTS FOr
exanpl e, induction resistivity of the core can be perfornmed by passing the
core barrel through two coils: the coring tool should ideally be

non- magnetic and highly resistive. The coring tool nay have to be
constructed of conposite material (such as fiber glass and epoxy resin).
[00167] Wth rock nechanic science, 3she Coul onb failure criteria (figure
25) defines the rupture criteria of the rock: the required | evel of shear
to reach rock rupture increases with the conpression stress in the pl ane
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After t st test of core shearing, the nornmal coring process can be
restarted forpaintsheart bpetaéendor anoreTaesuragheas walhag sliecy slaterayningsthenay

be performf Opgotential non-linearity of the response of this particular rock.

[00172] A special test can also be performed to determine the maximum tensile value
of the rock. Again when the coring tool has penetrated enough the rock, the
pinching system is activated; the pull force (negative WOB) is applied and
measured: this pull force is increased slowly during continuous measurement
until failure is reached (and the measurement falls immediately to low value).
The maximum pull force is used to compute the tensile stress corresponding to

failure.

[00173] These tests allows full determination the graph (Coulomb’s failure criteria)

shown in figure 25.

[00174] The new coring machine can also determine the in-situ stress. It should be
remembered that full stress field can reduce to the two principal stresses
(oriented at 90 degrees from each other). These stresses represent six
unknowns(three amplitudes and three directions). Figure 26 shows this in more

detail.

[00175] To perform these measurements, the cutting teeth 31 of the coring tool 3 are

modified as shown in figures 26a and 26b with two rows of cutting edges. The



anot her axial |oad (WOB), allowi ng to determ ne another point of the

Coul onb diagram [00171] Nornmally two points are sufficient for the

det er m navoanioafSos4hi s di agram More points can be takenPCOmRUIDISHOGTSUr acy,
as well as directly determning the potential non-linearity of the response
of this particular rock. [001 72] A special test can also be perforned to
determ ne the maxi numtensile value of the rock. Again when the coring tool
has penetrated enough the rock, the pinching systemis activated; the pull
force (negative WOB) is applied and3éeasured: this pull force is increased
slowy during continuous neasurenent until failure is reached (and the
nmeasurenent falls immediately to | ow value). The maxi mum pull force is used
to conput e t Hizstt edgs 160 Iuteap intarnalsgiamtiter; 162 The [secend [e3ge78)1 THissant est s

allows full determ patipn e gr ' S fal Lisherd in
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160 cuts an intern e second edge 161 cuts an internal
di anet er 163 imdsiection of theddrgerdiamaterfcorast di aneter 162. Over a short |ength,
the core has a slightly bigger dianmeter than the core entering in the
cori ng [00077] Afe osd fallitehinssexttionr! 65r(thaniis do phegess explainad abeve) othefegiringr e
during core test, for ,shearing or,.pulling.is at e t.] t
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) 164. 'Phis test gives one set of measurement (WOB, torque) for rupture,

allowing to compute a data point (shear stress, compression).

[00178] This rupture occurs for this shear/compression stress, but combined with the
compression stress in the section 165 due to the naturally present local
stresses in this formation. These surface stresses are most commonly
compression stresses and are generated by the combination of the principal

stresses at this interface.

[00179] Using the theory of Mohr circles, the rupture occurs when the larger circles
reach the already measured Coulomb’s line (determined from failure in small

section).

[00180] By performing this test twice in a similar or the same cored hole for different
WOB, it possible to resolve the amplitude 166 and “tool-face” 167 of this stress
in section 164 (tool-face in this instance is the orientation angle of this stress in

the section).

[00181] To solve completely the problem of principal stresses (three amplitudes and
three directions) in the rock, six independent measurements are required: two
can be performed as mentioned above (same or similar core hole) at two WOB.
Such tests need to be performed in three cored holes oriented in different
independent directions. For this objective, the guide needs to be placed in the

main well at three different tool-faces while the cored hole inclination cannot be



tool is grabbing the core at its larger dianeter 162 which is stil

attached to the formation. Then, a new shearing test is being perforned to
shear theweunfiasaes4d64. This test gives one set of nmeasuPEmRIO(ESWERB78t or que)
for rupture, allowing to conpute a data point (shear stress, conpression).
[00178] This rupture occurs for this shear/conpression stress, but conbined
with the conpression stress in the section 165 due to the naturally present
| ocal stresses in this formation. These surface stresses are nost conmonly
conpression stresses and are generat¥d by the conbination of the principal
stresses at this interface. [00179] Using the theory of Mhr circles, the
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coring tool 3&diisgan’s Ratio).

[00183] For a full solution of the problem, the determination of the elastic properties and
poro-elastic coefficient can be determined in the lab using the core for proper

lab measurement.

[00184] The Young’s modulus can be obtained by a buckling test of the thin core. For
this objective, the core should have a large ratio of length over diameter. Then
the core will not be well supported in the static internal tube 33, either due to a
larger internal diameter above the cutting section, or due to the usage of a
quite deformable tube 33. Then the machine needs to be modified so that axial
load can be applied on the upper extremity of the core. This can be achieved

by one of the following solutions:
[00185]a) short coring tool so that the core reaches the top of the coring tool,

[00186]b) A pinching mechanism is added to transmit a load onto the core at a

certain distance for the bottom extremity of the coring tool

[00187]c) A piston with seal can be pushed down in the coring tool thanks to
application of hydraulic pressure to the upper face of the piston

[00188] An axial load is applied (and measured) onto the core, increasing slowly from

small value, until buckling (EULER formula) is reached. At failure, the axial load



be relatively small, so that the guide deviation angle can be |arge.
[00182] Finally, the stress concentration factor for the near cored hole to
a di st antwonormpsos4or bed fornmati on vol une can be det er m REW/RUBHSHOOGTY
require estimtion of cored hole geonetrical defaults, as well as elastic
properties (Young nodulus & Poisson's Ratio). [00183] For a full solution
of the problem the determ nation of the elastic properties and
poro-elastic coefficient can be determned in the lab using the core for
proper |ab nmeasurenent. [00184] The3¥oung' s nodul us can be obtained by a
buckling test of the thin core. For this objective, the core should have a
| arge ratio of |ength over dianeter. Then the core will not be well
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known, the Yq_gégiesprngmbgﬁ can be cal cul ated. [00189] For the Poisson

ratio, a |load test of the core can be perforned. The basic test determ nes
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sample following its main axis. This makes the rock sample grow readily due to
the Possion effect. However, in one radial direction the deformation is blocked
by the two plates. Then compression contact occurs at the contact between the
rock and these plates. Now the rock sample is loaded so that tensile load
occurs on the axial plane. The axial load is then increased until reaching the
tensile rupture. Rupture occurs at the rupture tensile load (which is know form
the previously measured Coulomb failure diagram. Then the radial contact
force can be calculated. The appearance of this force is due the contained

Poisson deformation generated by the axial loading.

[00191] This formula links axial loading, radial loading, Poisson ratio, Young's modulus,
diameter and length of the rock sample. In this case, the only unknown is the

Poisson ratio, as the axial loading is measured.

[00192] To perform this test, the core is again compressed axially (as with buckling
test). However, it is radially confined against two tangent planes. It must also
be short enough to avoid buckling. In practice, the same tube 33 is used for
both tests. The only difference between both tests is the length of the core. For
buckling test, it must be long (probably L/D > 15) and for the modified test, L/D

is in the range of 1.



relates this tensile stress directly to the radial |oad and the geonetry
(not the elastic properties). [00190 In this invention, the |oading
mechani srwo0modigsned as foll ows: the parallel plates areTsatoisnoeost act
with the rock sanple on the tangent contact |lines. Then these plates are
mai nt ai ned static. Then a force is applied onto the rock sanple follow ng
its main axis. This makes the rock sanple grow readily due to the Possion
effect. However, in one radial direction the deformation is blocked by the
two plates. Then conpression contacggoccurs at the contact between the rock
and these plates. Now the rock sanple is | oaded so that tensile | oad occurs
on the axial plane. The axial load is then increased until reaching the
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conditions.

[00195] Referring to figure 14, the coring machine according to the invention is able to
apply pressure to the top surface of the core. This can be achieved by closing
valve 126 while operating pump 130. A separating plug as shown in figure 13

may be installed initially in the coring tool and could be situated at top of the

core.

[00196] With such pressure applied, the core is pushed downwards out of the core
barrel. This allows to eject the core out of the coring tool, when the core is

considered undesirable.

[00197] The ejection can be performed inside the cored hole: the core is re-installed in
its hole (or any exiting cored hole). This process of core ejection is quite useful
when combined with down-hole logging of the core. If after core logging, the
core is not desirable, it can be ejected to avoid a trip to surface only for core

rejection.
[00198] When multiple small cores are stored in the coring tool, it is critical to eject only

the undesirable core. This means that core displacement need to be controlled.

This could be carried out by a variety of methods, some of which are described

below:



exanple just below to the surface). Wth a correspondi ng design of the
guide, it is possible to pass the coring tool across the guide such that

t he cori ngotzomlospsionot pushed sideways and stays in thePomiRU208/000678he
coring tool can nove downwards and then upwards (in a simlar method as
during coring process), so that the core slides in front of the | ogging
system In this situation, all the |ogging neasurenents can be perforned
again, but at different environment conditions. [00195] Referring to figure
14, the coring machi ne according to4phe invention is able to apply pressure
to the top surface of the core. This can be achieved by closing val ve 126
whi | e operating punp 130. A separating plug as shown in figure 13 nay be

installed initially e I ogl stuated t top .of the
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of the core barrelchieveds all ows to eject the core out of the cori ng tool,
when the core is considered undesirable. [00197] The ejection can be
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for core rejection When nultiple small cores are sto

coring tool, it |0§t|i\ﬁ¢<?l’mﬂama§bln§} ect only the undesirable core. This neans
that core d| spl acenment need to be controlled. This could be carried out by
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out of the cored O‘ogglnglsl,eectlggm toring the change of depth

[00199] The special plug shown in figure 14b can be used for this purpose, as it
prohibits backwards movement in the coring tool.

[00200] A coring tool with special teeth can cut across casing, cement and then rock.
This allows extraction of cores behind casing. Obviously, this process can be

combined with all above special usages, applications and system.

[00201] For coring behind casing, it is required to cut a window in the casing. This
window insures communication between the formation and the well. This may
be unwanted after coring. The coring machine according to the invention can
plug this hole and window. To carry out this process, a special plug (refer to
figure 13) can be taken from the guide and ejected into the top of the cored

hole. These special plugs can insure some isolation by:

a) Use of swellable material on the outside of the plug. This material will

swell after installation of the plug in cored hole.

b) The use of a rubber element on the periphery of the plug. This
element will then be tight in the small cored hole thus creating a seal.

c) The plug contains material which sets under proper conditions (e.g.
time dependent). This allows the installation of the plug in the cared hole,
then the plug is “opened” to let the material come in contact with
formation and make a seal.



of the coring machine. c) use the logging information to determ ne when the
top of the core is passing in front the | ogging system This requires to
nove t he worbmgsvssol so that the top of the core after eremu2008/0066780ttom
cores is just in front of the | ogging section. [00199] The special plug
shown in figure 14b can be used for this purpose, as it prohibits backwards
novenment in the coring tool. [0020000 A coring tool with special teeth can
cut across casing, cenent and then rock. This allows extraction of cores
behi nd casing. Obviously, this procgss can be conbined with all above
speci al usages, applications and system [00201] For coring behind casing,
it is required to cut a wwndow in the casing. This w ndow i nsures
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container inside the coring machine. When the coring apparatus is
lowered down the wellbore by tubing, the special fluid can be delievered

to the coring apparatus via this tubing.

[00202] The coring machine according to the invention allows down-hole logging of the
core to be performed after extraction. It also allows the core to be ejected back
in the core hole. Normally, the primary objective of coring is quality control.
However, the combination of coring, core logging, core ejection can be used to
obtain special logging information of rock without the damage associated with a
drilling process. It is also a method to obtain improved data such as density
tomography or deep measurement.

[00203] The logging tool acquires various types of data. In one mode of operation, this
data may be logged in memory (probably inside the logging system). These
data will then be transferred to the operator computer at the surface.

[00204] In another design, an electrical link is installed between the coring machine and
the logging system. The electrical link is similar to the hydraulic link as
described in figure 6. Thanks to this electrical link, communication can be
established between the logging system and the coring machine. Then data
can also be exchange to/from surface via the communication system for the
coring machine. This link also allows electrical power to be fed from the coring

machine to the logging system.



the cored hole. Then the special fluid can be circul ated between the two
tubes of the coring tool, while slowy pulling the coring tool out of the

core hol evOBhiososasures the controlled filling of the cecekureds®mond7sh this
special fluid. In some cases, a type of cenment slurry could be punped in
the cored hole. This special fluid can be lowered in the well in a special

contai ner inside the coring machine. Wien the coring apparatus is | owered
down the wel |l bore by tubing, the special fluid can be delievered to the
coring apparatus via this tubing. [£0202] The coring machi ne according to
the invention all ows down-hole |ogging of the core to be perforned after
extraction. It also allows the core to be ejected back in the core hole.
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required. This allows a more simple construction of the machine. The
displacement in the well-bore will be obtained as with conventional well
operation by moving the tubing form the surface (the tubing may be
attached to the hook of the rig). WOB for coring would be obtained by
applied some weight of the string onto the coring machine. The reaction
torque from coring process would be supported by the spring also (as
when drilling with motor). The axial pushing system (22 of figure 2) may
however be kept in action to insure the smooth control of WOB and ROP

for coring.

b) The orienting sub (as described in figure 8) is not required if the
tubing string can be rotated from the surface (with the rig rotary table for
example). When operating with a coiled tubing this orienting sub is

mandatory.

C) The down-hole pump for circulation is also not required, as
circulation for coring process may be generated by surface pump (for
example, the triplex of the drilling rig). This circulation from surface also

allows to circulate special fluid for coring for minimizing core damage.



the well-bore and the coring fluid. This insures that the cores are
extracted with m ni rum damage. [00206] The intelligent coring machine can
be | ower estovhm/@og40bi ng, drill string or coiltubing. [0PRORU20I3&00T8I NQ
machi ne can be installed at the bottomof a tubing string. For this
application, sonme functions of the coring machine may not be required: a)
The craw ing function (as described in figure 3) may not be required. This
allows a nore sinple construction of the machine. The displacenent in the
wel | -bore will be obtained as with dBnventional well operation by noving
the tubing formthe surface (the tubing may be attached to the hook of the
rig). WOB for coring would be obtained by applied sonme weight of the string

onto the coring chi e I I ; I be
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smooth controlled displacement during coring.

[00210] A tubing controlled “full-bore” coring machine can be used for core fishing by

slick line as shown in figure 24.

[00211] The coring tool 3 is typically limited to 2.5 inches: the required drilling power is
then also limited (in the range of 10 kwatt). With the tubing operated coring
machine (described above), the hydraulic motor 220 can have a diameter of
4.75" (or larger). This hydraulic motor may be based on 4/5 or 7/8 lobe

configuration. The motor length would also be limited (a few meters).
[00212] With such configuration,

- A large by-pass hole 222 can be bored in the rotor 221: this hole
diameter can be 1.5" or more. The rotor orbit can be kept small by

keeping the spiral cavity shallow.

- A special elastic tube is used a hollow transmission shaft 223
between the motor rotor and the rotary head shaft 15. This tube can also

have a large bore (1.5 inches or more).

- A full-bore valve allows the motor rotor by-pass to be opened or

closed.



[ 00208] Wth such nodifications, the coring nmachine operated from tubing
does not include high power electrical function. [00209] The down-hol e

ext ensi orwoeotvensosim of the crawl er may be operated to i REWMRI280800047T8
controll ed displacenent during coring. [0021Q A tubing controlled
"full-bore" coring machine can be used for core fishing by slick line as
shown in figure 24. [0021 1] The coring tool 3 is typically limted to 2.5
inches: the required drilling power is then also limted (in the range of
10 kwatt). Wth the tubing operatedygcoring nmachi ne (described above), the
hydraulic notor 220 can have a dianeter of 4.75" (or larger). This
hydraul ic notor may be based on 4/5 or 7/8 | obe configuration. The notor

| ength would al so be |jmted few neters . j .
configuration, A lar gth%wtf?aéé?ﬂ%ﬁ'r@ ‘gEﬁ‘pggﬁirW[e&%(z)'?' @énﬁétgﬁéﬂﬁ\t& 33 obife .
this hol e di amet ggrigpdbdPs chrbbe ekiciaee by heubeacmssitin tracamisgsiorkapd thaal |

by keeping the spiral cavity shallow A special elastic tube is used a
hol | ow transm ssimetorgRtet 223 between the nmotor rotor and the rotary head

shaft 15. This tube can al so have a |arge bore (1.5 inches of,nore). A
ful | - bEPA2NBAWth sudhoatransisissistie @ fhbbere 2%6 bsa%f@SéBt fb%“db%ﬁ%O{)‘ihedT‘%’éé‘? The
t ube 34 (figﬁ‘regpﬁ%r }%Borting the internal static tube 33 of the coring
tool 3 can b&% o by a tube across the transm ssion and the notor

rotor. Wih such r I SSi 226 id rom
the oG TATER sirigh B CREEPoRRT RTARE sy Bobt rociiicR S 17 ARATOR
based on thegsydrensalesnr ilbebld sedtiopul 83.1Aowever iti igi odifiedi g thes intgral
flexible section 153, However it is ified sp.the.i inget er of
the internal dt%%eéaﬁt&?sntﬁﬁéalitm%?ﬂ‘éﬂg g@‘%Wg‘?r@?P%'?"}%%&ésfﬁégt% h@ﬂbﬁ[ 00215]
\éva;h Slf(():(§]21615] Wif(ﬁ ngchng%glrigge n}ac:eh?rlljé qpe%%iﬁgetdhm I%Jgncr?acc%rrfnggtoglog,lthé’co@@aﬁ ore

pass trough the rotary head and the motor. With proper annular construction of
the whole machine, the core can reach the top of the machine. It can be
pushed into fishable static tube 234. When filled, the tube with the core can be

fished by slick-line 225 through the tubing 227.

[00216] For time saving, a temporary core storage tube is also present in the machine.
When this tube is filled, a valve system allow to divert fluid so that the core is
pushed upwards in the fishable static tube: the temporary core storage tube is
then empty. The slick-line can then bring the core to surface, then a new empty

fishable tube is lowered. During this trip in and out, the coring can be restarted.



pass trough the rotary head and the notor. Wth proper annul ar construction
of the whole machine, the core can reach the top of the machine. It can be
pushed i nwo 2bimisedabe static tube 234. Wen filled, the trabRuU2ndsO0dT® COr e
can be fished by slick-line 225 through the tubing 227. [00216] For tinme
saving, a tenporary core storage tube is also present in the machi ne. Wen
this tube is filled, a valve systemallowto divert fluid so that the core
is pushed upwards in the fishable static tube: the tenporary core storage
tube is then enpty. The slick-line ggn then bring the core to surface, then
a new enpty fishable tube is lowered. During this trip in and out, the
coring can be restarted.Cains 1. A systemfor coring an underground
fornatieﬂﬂ grrounding a borehole, conprising: - a tool body that can be
positioned in the borehole near the formation to be cored, the tool body

i ncl udi nd. aAnwdystem aforotcarisig dah v enbieggowan nfématdon Ostdeunth@’ a bofeHdkd,ary
tool connected to the rotary drive head and one end and carrying a drill
bit at the 6PMEFSIBHM; - a drive mechani smincluding an operabl e anchor for

anchoring in gt il peHghBebe caﬁ%eapoﬁﬁbﬁéd 6 ity bfoPého?Q‘f%'é?itﬁQ fbﬁﬂéticﬁ’i’a’ Tb%”d
the rotary tool; and - a guide tor urging the rotary tool laterally trom
t he bor ehol €0liefli o t hetRgir r ounédahg f or yon; wheeledimgt he rogary t aodtor;s a

t ubul ar coring tool yi ng.. annul ar drj pte 2. syst em as_cl ai ned
in claiml, Me%ei n (ﬁgwreot agg}\%c]ri v@léﬁgad iéséAé'fgteéiol e fég\ al I%(]ﬁv thémgtﬂ's of
the coring taabtary tabdconhectéd dorthemtavyi drivef hddtearid ohe leddyandBcarfyitsy atcRim as
claimed in glaim2, wherein the rotary, drive head includes an adj ustable

d
connection P% all ow the (?éyi ation of ihe coring tooIOt'?eS(i s to be var®RH. 4 .
A system as. gl divéBifletRarfisi iftiddidl sh opBRbR Bnéith %Pehchmdiﬂgmerﬂ%ﬁsﬁoléo
y

direct the deviated axis in a predeterm ned direction. 5. stem as
clained in 8 pRedXidlngrive afaf, agwaneing tomd bedwur andrithe relaty Hasl;aand

- a guide for urging the rotary tool laterally from the borehole into the surrounding
formation;
wherein the rotary tool is a tubular coring tool conveying an annular drill bit.

2. A system as claimed in claim 1, wherein the rotary drive head is operable to allow

the axis of the coring tool to deviate from the axis of the tool body.

3. A system as claimed in claim 2, wherein the rotary drive head includes an

adjustable connection to allow the deviation of the coring tool axis to be varied.

4. A system as claimed in claim 2 or 3, wherein the {ool includes means to direct the

deviated axis in a predetermined direction.

5. A system as claimed in any preceding claim, wherein the rotary drive head has a
female connector to which the coring tool connects, and a hollow shaft extending

away from the rotary drive head into the tool body.

6. A system as claimed in claim 5, wherein the motor connects to the outer surface
of the hollow shaft to drive the rotary drive head.

7. A system as claimed in claim 5 or 6, further comprising an angular position
sensor for detecting the angular position of the hollow shatt.

8. A system as claimed in claim 7, wherein the angular position sensor derives the

rotary speed of the hollow shaft.



femal e connector to which the coring tool connects, and a holl ow shaft
extending away fromthe rotary drive head into the tool body. 6. A system
as cl ai mewstoi2nioadses4m 5, wherein the nmotor connects to thecomnosgwod’ace of
the hollow shaft to drive the rotary drive head. 7. A systemas clained in
claim5 or 6, further conprising an angul ar position sensor for detecting
the angul ar position of the hollow shaft. 8 A systemas clained in claim?7
, Wherein the angul ar position sensor derives the rotary speed of the

hol | ow shaft. 9. A system as claimedg4g n any preceding claim wherein the
anchor conprises at | east one set of radially-extending pads whi ch engage
the borehole wall when activated to anchor the tool body in the borehole.

10. A system as, cl ai in claim9 th 0 act
agai nst g he SHRRH ?ﬁg‘ﬁ 'H}egemp?rb\(/%é 3% @h@" p\é\{ g@f\,\ﬁl}gﬂg‘e g"c? ?‘@rat@ﬁbﬁé@sg at
system as qbadtnéub kBt ef ?édmlkpextbh@lhglﬁadshwhnthl mmﬂmbemhotﬁma“%@em

hydraulic system the pads and the axial driye conprising pistons in
cyl i nders taptlmﬁeéiﬁomﬁamheéopﬁ kady ‘Féh%LB 12. A systemas clainmed in

I 9, 10 11, wh the d t t f
bads. whi £ s ay68: aPIGAIMSTon, At Py HHBISE She ARGL NG QSRR GORBE i n
el ther di retﬁg a%h%@‘ﬂ:r&@ QRIS fre dadtts ihew at@matés cl ai med in any

preceding c he coring tool conprises an outer rotary tube

carrying, idgeﬁlsg:fp azfs fdvfa'irjnl%d qhtcl?lﬁPqOC%?&heﬂiuet Grivd PndcHafsn Homystiseeadl; and

an inner or su acore drilled fromthe formati on by
the coring ﬁyméullclslystéknsu&i paldsaanatlﬂm aEidl drive campris®g piplensiim cylirdaraier
core barrel doeiag ?t%}e Wltg he outer rotary tube. 15. A system as

cl ai med i n Whighhygeaulic Thid IS QaYidedy  he i nner core barrel is connected to a

shaf t V\/mch ext ends t hrough e rot I ve he t | gi med
in clai masA sysienhas caims; ! glc% @r%/r ﬂ{ AR a@‘? %g/ﬁcgsig'ﬁlcgﬁ s%r rg(ﬁijlndl ng
the shaft, [Lhe R 46tk RpEdsIAich bR B aRemditslgdetiatbd itoadownbagici body to

move in either direction along the borehole.

13. A system as claimed in any preceding claim, wherein the coring tool comprises
an outer rotary tube carrying the annular drill bit, and connected to the rotary
drive head: and an inner core barrel for supporting a core drilled from the

formation by the coring tool.

14. A system as claimed in claim 13, wherein the inner core barrel does not rotate

with the outer rotary tube.

15. A system as claimed in claim 13 or 14, wherein the inner core barrel is connected

to a shaft which extends through the rot‘ary drive head.

16. A system as claimed in claim 15, further comprising an orientation reference
collar surrounding the shaft, the collar and shaft being provided with inter-

engaging formations to prevent relative rotation.

17. A system as claimed in claim 16, wherein the inter-engaging formations comprise

a key and groove which allow the collar to slide relative to the shaft.

18. A system as claimed in claim 16 or 17, wherein the collar is moveable between a
first position in which it is held against rotation relative to the tool body, and a
second position in which it is held against rotation relative to the outer rotary
tube; such that in the first position, the collar and shaft can rotate with the tool



formations to prevent relative rotation. 17. A systemas clainmed in claim
16, wherein the inter-engaging formati ons conprise a key and groove which
al | ow t hewoabloensos4o slide relative to the shaft. 18. A sgstran@moed7ai ned in
claim 16 or 17, wherein the collar is noveable between a first position in
which it is held against rotation relative to the tool body, and a second
position in which it is held against rotation relative to the outer rotary
tube; such that in the first position, the collar and shaft can rotate with
the tool body relative to the outer rgtary tube, and in the second position
can rotate with the outer rotary tube relative to the tool body. 19. A
systemas clained in claim18, further conprising an el ectromagnet that is
oper abl e t o heolygetdtize dolthaoubstratey tube dnidrinttharsdcond poditibAdan @fste vith A

system as cl.gj in.claimil8 or 1 wherein the collar has an inclined
surf ace, andﬁgg@ge[lrgtg%%er{&?thg|t9ﬁ}gdto(g)g{:\?%t surface i s provided on the
t ool body;, such that en the C%Iil aﬁ%ifs Ln the first position the effect of
contact bEteENSEAL 2P TRl I Gl Hy fughep compeising: AR alepiramagned that is

predet er m nepepdtde! tdmdvehé icBllarfitAbeY thd first A iorfs, 1+ A system as
clainmed in ?r%y of clainms 16-20, wherein thg C@?F%?&rgﬁ@@éfotd?isf rotary tube

are provizpc Wstbmi 4 QAmFRORLIAH ﬁz & fi')m%\ﬁﬁérieﬁrp}lﬁre (?t?ﬂ%?haé %l‘)%éﬁﬁ%d%ﬁ%@%on.

22. A systemas claimed in claim , erein er-engagl ng tions
conprise a @Hdthcamespansing inclizged sostast eunface tsl prioviskbdi on teytomil bobigi sEch

13-22, wher g i.nchi i h d_qf i
bar rel noar 1 fieR A8 ot 3¢ 3h Yk AsC b B et S Cordess Aty byer em
bei ng oper alinalined safates s toamienbiiesshafitgenpridetantifd] HAO\AEr SSSiforPRNlARle t O

break a driltlﬁ%coLe?éromthe formation. 24. A systemas clained in claim
23, wherein'¢ tBPE 3hg system conpri ses one or nore axial cuts in the end

of the com;1e barrel, agld_ i%ﬁ]er-engagi ng sl oped surfaces on the inner surface
of the odtlefr PHENAS GBkNeGin BRY Oh&laime d16-2Q) rwhereinothet eallar androuer otamyr r el |

engagenent @ibd 4@ Fbeiaed vﬁfﬁﬁﬁ%ﬁ%ﬁg?ﬁ@?%ﬁﬁé%ﬁ? éﬁg\é‘% lr?fﬁwg rétgligh. movement

of the outer rotary tube and t core e cuts al'l owi ng
22. A system as claimed in claim 21, wherein the inter-engaging formations comprise

a tooth and recess.

23. A system as claimed in any of claims 13-22, wherein an pinching system is
provided at the end of the inner core barrel near to the drill bit on the outer rotary
tube, the pinching system being operable to apply a controlled movement to the
inner core barrel to break a drilled core from the formation.

24. A system as claimed in claim 23, wherein the pinching system comprises one or
more axial cuts in the end of the core barrel, and inter-engaging sloped surfaces
on the inner surface of the outer rotary tube and on the outer surface of the inner
core barrel, engagement of the sloped surfaces being effected by relative axial
movement of the outer rotary tube and the inner core barrel and the cuts allowing

reduction in the diameter of the end of the inner core barrel.

25. A system as claimed in any preceding claim, wherein the tool body further
comprises a pump for pumping well fluid around the drill bit.

26. A system as claimed in claim 25, wherein the coring tool comprises an outer
rotary tube carrying the annular drill bit, and an inner core barrel for supporting a
core drilled from the formation, the pump operating to pump fluid down the



reduction in the dianmeter of the end of the inner core barrel. 25. A system
as clainmed in any preceding claim wherein the tool body further conprises
a punp fowopoampisoggowel | fluid around the drill bit. 26. pPATSRIRV@MIGFSC| ai med
in claim25, wherein the coring tool conprises an outer rotary tube

carrying the annular drill bit, and an inner core barrel for supporting a
core drilled fromthe formation, the punp operating to punp fluid down
t heoutside of the rotary tube to the drill bit so as to return up an

annul ar space between the outer rota#8 tube and the inner core barrel. 27.
A systemas clainmed in claim25 or 26, further corrpri sing a cuttings
processi ng device | ocated near an outlet of the for processing
cuttings retoutsicg ofrtben rotasy dube Itoghe. dr2|8bltﬁéos§%tt@rﬁ3 Ncfrireaniuiarappace

precedi ng Clb%'t\ﬂéeﬁ‘@?ﬁ;tgr Hf&rg%?g%ﬂﬁ?ﬂ@fdr%gﬁo% gi-ge surface that is

inclined relative e and a gw de anchor that is

operabl e 47 A Q6kieh!8s ilEa il AfiCS of I, ArheP LBMORRirG! 2 cTRfiob hrGalserS

wherein the surtace 1S |nc ine I ve to ore XI'S

system as cldavivedotated| méan atPoutldtasfethe riumﬂosﬁmrrrbmcessnsg icattinigs edtuminga front 6
relative to thg .Eﬁrehol e axis. 3 1. Asystemas clainmed in claim28, 29 or
30, wherei n th grilk Rithor conprises at |east one pad that can be urged agai nst

t he boreho e wall to | ck t uide in place. 32, A systemas clained in
e o5 15 T eiem oncSsinedin S rrecsdha AR, HEhgiain Ih GhIE COMAESES Aol o

wal | to | OC‘gu’ide bUeréé‘%t i$InciMedly HI&Ne® HeRhRB bf theChateRbR, hnBa Ytide

wherein the anchor is operated by a hydraulic systemincludi ng a punp and
reservoir imncher thabis apsdgbledo tepkdhe@uids inHdaefui de by a hose. 34. A system
as claimed in claim3 1 or 32, wherein the anchor is operated by rotation
of a nut 2fhiAchystemeas obdg@ctlmam%cwherelmrﬂeepadace@lnomeot&éﬂ? reletive toy
relative to 5. A systemas clained in claim 34, wherein the nut
is rotated Bélgﬁg%ﬁjeo?m

30. A system as claimed in claim 29, wherein the surface is inclined at about 6°

relative to the borehole axis.

31. A system as claimed in claim 28, 29 or 30, wherein the anchor comprises at least

one pad that can be urged against the borehole wall to lock the guide in place.

32. A system as claimed in claim 31, wherein the pad also acts to push the guide

against the borehole wall to lock it in place.

33. A system as claimed in claim 31 or 32, wherein the anchor is operated by a
hydraulic system including a pump and reservoir in the tool body, connected to

the guide by a hose.

34. A system as claimed in claim 31 or 32, wherein the anchor is operated by rotation
of a nut which moves wedges which act on the pads to move them radially

relative to the guide.

35. A system as claimed in claim 34, wherein the nut is rotated by means of the
coring tool, formations being provided on the coring tool which can engage in
corresponding formation on the nut to allow rotation of the coring tool to rotate

the nut.

36. A system as claimed in any of claims 28-35, wherein the guide is connected to

the tool body by a telescopic attachment.



coring tool, formations being provided on the coring tool which can engage
I n corresponding formation on the nut to allow rotation of the coring tool

t o rot at ewOhe1wms084036. A system as clained in any of cl aCmR12808360678her ei n
the guide is connected to the tool body by a telescopic attachnment.37. A
systemas clained in any of clains 28-35, wherein the guide is connected to
the tool body by neans of a bar slidably nounted in | atches on the tool
body, the | atches being operable to |lock the bar to the tool body to hold
the guide at a predeterm ned distanc4d fromthe tool body. 38. A system as
claimed in claim36 or 37, further conprising a position sensor to neasure
separation of the guide fromthe tool body. 39. A systemas clained in

cl ai m 38, 3ahe %?%(t@n’? he c!]%e?r%%aﬂiiﬁ %@%}S&ém&%ﬁ%&s? Ghefeif @A Yuid %ﬁ céjrﬁ{g‘acféostcf he

position of marks on t el escopi ¢ attachnment or slidi'ng . A system
as cl ai ned ithe &0} bofly dyanean6f 39ar slintabiye matintgst insiatohearondhedool baglys flst em
for directi he.qui de surface, in pr edet ' L recti 4 system
as clai nmed F Ch?%ib mﬂ)?pﬁﬁglee %Ic{%(eﬁ% r{)%rnfol ﬁgentc&ig)@%at tlgélﬁghﬂﬁlug{d? %«1\ ool
body so t hatprédetegningd distahesfromatelodldyr edet ermi ned direction. 42. A
systemas claimed in claim40 or 4 1, further conprising a navigation

syst em f a38. ek pstBhNbO GldiMedAAIiP B6 astB R rfuRRéBEOMPridihgtd posidoh seadyr to?3. A
systemas clained in claim42, conprising magnetomaters for determ ning

posi tion relnagaspse sgpaiaion of the guide diem the topEPedy-and/ or i nclinoneters for
determ ning position relative to the earth's gravitational field. 44. A
syst em as3%fapYfiemias elpied xlaim 38, whereimibie RASHAT SSNSQr FRANEISED AGENEPH ne
any of fset bt ' ' i tem 45.
A Syat em as el e BOSi) BF e S yRIERRCBBI RN O LA DR e
conpri ses C I h - {Lhgt rd s rQj.: t he
coring to‘%)qa'l Ab%&%\t%hp?%v{\'@@%"?ﬁan&oéﬁéﬁ%%\mﬁgghh@ah%?e%dg?g%@sq'\?é ﬁ% Bh&%@

corr espondi gstear fartdireoting thet drdde sliiface #oa prerdetemtintd ditectiort he cori ng t ool

acts to turn the guide to the predeterm ned direction.
41. A system as claimed in claim 40, wherein the orienting system acts to turn the

tool body so that the guide surface faces the predetermined direction.

42. A system as claimed in claim 40 or 41, further comprising a navigation system for

determining the position and orientation of the tool body.

43. A system as claimed in claim 42, comprising magnetometers for determining
position relative to the earth’s magnetic field, and/or inclinometers for determining

position relative to the earth’s gravitational field.

44. A system as claimed in claim 42 or 43, further comprising means to determine

any offset between the position of the guide and the navigation system.

45. A system as claimed in any of claims 40-44, wherein the orienting system
comprises a collar on the guide through which the coring tool projects, the coring
tool being provided with formation which can engage with corresponding
formations on the collar so that rotation of the coring tool acts to turn the guide to

the predetermined direction.

46. A system as claimed in any preceding claim, further comprising one or more core
protectors that can be introduced into the coring tool to protect the bottom of a

core obtained from the formation.



46. A systemas clainmed in any preceding claim further conprising one or
nore core protectors that can be introduced into the coring tool to protect
t he bott owoabiosesane obt ai ned fromthe formation. 47. A P¢stRam@oed7ai med in
claim46, wherein nmultiple cores are obtained in a single coring tool, a
core protector being positioned between each separate core. 48. A system as
claimed in claim46 or 47, wherein the separator conprises a chanfered end
region to facilitate introduction into the coring tool, centralisers to
hold it centrally in the coring too}0 and at |east one seal to contact the
I nner surface of the coring tool. 49. A systemas clainmed in claim 48,
wherein the protector and coring tool further conprise inter-engaging

formations such that th I Q ; |-y obhi i de
coring 8614 Sitends olaBef I8 b o, GRersR, MEHPIEEHR Brd cblifl e sihd

I nt er - engagidrmgitesiratdoss pesiegtor being adsiiongd detwerh bheh separhtescaiad a groove
into which the catches can project. 5 1. A systemas clained in any of

cl ai ms 448 5K, sykstbrh gy chmmeti idl bigind 46 @8 SAlf,ewberein dhe ssepaeator womgeised 20 the
interior of the coring tool and gperable to majntain the essure insjide
the coring &hsenfegrd Q"%F%GE‘ do ﬁ@‘ﬂ'ﬁgtel 'Qggﬁu?t%'g ﬁ'\el %‘"@fmg[\@eﬂﬁﬂﬁsﬁ{? 1
pressure ar [ ing R8ol, Angly &t RAstonel S¢4Ted tohtagtythef irtledi s
46-51 , V\hel?&'e?ﬂt :cﬁgtrglﬁif Hg‘t}?%‘r&?hggr; c%hpri ses a storage receptacle for

prot ect or s $wfdve ofribe odungtbal.nto the coring tool. 53. A system as cl ai ned

in claim52, wherein the guide conprises an operable trap, the coring tool
bei ng engagAldystem tds alainugbimclaing 48 okereimihss pratector apd swring togl BlErt he

Lt ap Lo ol | IBHRS FipAc [ heReE st R PRelof Tan B Hibaidy 1

claimed in @plady pcBdicetingltedlm wherein a transm ssion shaft connects to
rotary drive head to the coring tool. 55. A systemas clainmed in claimb54,

wher ei N EheatsyaRmiTias ddimetiialdaint4d, ekerlretieomparegabing foemation ogrripoise.  56.
A systemas clained in claim54 or 55, wherein the transm SSi on sthaft has
radially extendible catches and a groove into which the catches can project.

51. A system as claimed in any of claims 46-50, further comprising a pressure control
system connected to the interior of the coring tool and operable to maintain the

pressure inside the coring tool at a predetermined level irrespective of the

ambient pressure around the coring tool.

52. A system as claimed in any of claims 46-51, wherein the guide further comprises

a storage receptacle for protectors to be introduced into the coring tool.

53. A system as claimed in claim 52, wherein the guide comprises an operable trap,
the coring tool being engagable with an operating mechanism of the trap so as to
open the trap to make the protectors available to the coring tool, and to close the

trap to allow the coring tool to enter the formation.

54. A system as claimed in any preceding claim, wherein a transmission shaft

connects to rotary drive head to the coring tool.

55. A system as claimed in claim 54, wherein the transmission shaft is flexible

compared to the coring tool.

56. A system as claimed in claim 54 or 55, wherein the transmission shaft has

substantially the same length as the coring tool.



substantially the same length as the coring tool.57. A systemas clained in
any of clains 54-56, further conprising one or nore stabilisers nounted on
t he transwbDesiososthaft. 58. A systemas clainmed in any eCT®EIBHEA857,
wherein the guide has a contact surface that is substantially the sane

| ength as the coring tool. 59. A systemas clained in any preceding claim
wherein the coring tool conprises alternating rigid and fl exi ble sections.
60. A systemas clained in claimb59, wherein the flexible sections are
normal |y permanently bent. 6 1. A sy$temas clained in any preceding claim
further conprising sensors for neasuring nmechani cal paranmeters of the
drilling process during coring. 62. A systemas clainmed in claim6 1,
wherein t hani cal r t I-SE4 B Nedthbrisib @, r
Face of pndt Pely € AR FEF of UMee5e 8, Wbl d P or e
further conptabilisers meostedsorf the traresnissiog spaftanet ers of drilled cuttings

obt ai ned during the coring process. 64. A systemas clained in claim®63,
wher ei n t58e Assyxstemsasrelsimed inwiryi ogclainme 54657, wherngit the guidel kasradcantadd! ai m
64, wherein the sensors use ultrasonic, density and/or filtering

nmeasur enent §.“'q%‘€?. ﬁ‘ﬂ?% 'E‘?l")éiha‘? ﬁ%ﬁei'?ﬂggﬁﬁsﬁﬁ%éw?%&% aim further
conprising at |east one sensor for neasurjng a,parangeter .of .a core obtained
usi ng t h&% b BYREMAN Clagned [ §9¥tpé‘?ﬁe§@”%9§"ﬁewhg$'ﬂlqﬁ? GPERY tGR|OMRI1SESe
sensor is | g@ainfng Rgidendiiédsle $2Btiofs. System as claimed in claim66 or 67,
wherein the sensor cgrrpri ses a gamma ray detector 69. A system as cl ai ned
in clai megﬁA &Xétéﬁ?éscaéﬁ%os'im%’]a?mgéﬁ)%h%?éfmsmwﬁ&ibléosecﬁoﬁysar@nh@‘@nalyal med
in claim®b9, erein, in use, the gamm ray sensor and gamma ray source
posi tioned perroppediyttendi des of the core so that a |line connecting the
sensor and source does not pass though the centre of the core.7 1. A system
as cl ai ne8il. iAn systaimmagOclaintest én ranyhpresedingr claind, fwtherecemprising segpsars for
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62. A system as claimed in claim 61, wherein the mechanical parameters comprise

weight on bit, torque and/or rate of penetration.

63. A system as claimed in any preceding claim, further comprising sensors for

measuring parameters of drilled cuttings obtained during the coring process.
64. A system as claimed in claim 63, wherein the sensors measure cutting size.

65. A system as claimed in claim 64, wherein the sensors use ultrasonic, density

and/or filtering measurements.

66. A system as claimed in any preceding claim, further comprising at least one

sensor for measuring a parameter of a core obtained using the coring tool.
67. A system as claimed in claim 66, wherein the sensor is located in the guide.

68. A system as claimed in claim 66 or 67, wherein the sensor comprises a gamma

ray detector
69. A system as claimed in claim 68, further comprising a gamma ray source.

70. A system as claimed in claim 69, wherein, in use, the gamma ray sensor and
gamma ray source positioned on opposite sides of the core so that a line

connecting the sensor and source does not pass though the centre of the core.



| ocated at a different positions in the guide. 73. A systemas clained in
claim7 1, further conprising a systemfor noving the core laterally to a
second posptzoowvsosrowhi ch it is rotated whil e the sensor pammRiroasrooes78per at e.
74. A systemas clainmed in any of clainms 71-73, wherein the core paraneter
is used in a tonography process. 75. A systemas clained in any preceding
claim further conprising a sensor for nmeasuring the dianeter of a core
inside the coring tool. 76. A systemas clained in claim75, wherein the
sensor conprises an ultrasonic nechawical or electrical sensor. 77. A
systemas clained in any preceding claim further conprising a sensor for
nmeasuring the thermal characteristics of a core inside the coring tool. 78.
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heat to the core. 79. A systemas clained in any preceding c arm

conpri si ng fPesaie asdhe sersisrigtated force required to shear a core fromthe
formation using the coring tool. 80. A systemas clained in claim79,
wherei n t b Adysten asoglaimstkiarciaitha! comprisingfirst ghd gecondgamma mytdensors e,

t he sensor rf&@a?té'cﬁ'g iﬁéﬁeﬁggoﬁﬂ%n%qngiéngpi@'gne the shear force. 8 1. A system

as clainmed in any I ng a sensor for sensing the

maxi mum t | e.val ue re the care fro f or.ma

system asﬁgls’agFﬁﬁml% ‘é?'&? Cia'"béﬂﬁ’ﬁﬁ? hgPTRRETHEY ?osrysggfm E?fl BV'PHQ'!‘%SP@ and
for applyi ngateillyi tora g8¢érd pb@in@@r@ vihega i Sofatednwhile therserkorand3oufte
systemas clained in any preceding claim wherein the drill bit conprises

concentric roipﬁ@%teof teeth. 84. A system as claimed in any preceding claim

further corrprlsmg means for fg g the hole fromwhich a core is
obt ai ned. 785\ Swtgms%ﬁﬁmectlrha%e P'ﬁ'r&f’f &l mh3s ahergiartbe wore pajamefer is ugadanged

to seal aga'lﬁ‘éttoﬁoﬁ?a%hg)%réégsrs?“”d' ng the borehol e.

75. A system as claimed in any preceding claim, further comprising a sensor for

measuring the diameter of a core inside the coring tool.

76. A system as claimed in claim 75, wherein the sensor comprises an ultrasonic

mechanical or electrical sensor.

77. A system as claimed in any preceding claim, further comprising a sensor for

measuring the thermal characteristics of a core inside the coring tool.

78. A system as claimed in claim 77, further comprising a heater for applying heat to

the core.

79. A system as claimed in any preceding claim, comprising sensor for sensing the

force required to shear a core from the formation using the coring tool.

80. A system as claimed in claim 79, wherein the coring tool shears the core by
applying a torque to the core, the sensor measuring the torque to determine the

shear force.

81. A system as claimed in any preceding claim, comprising a sensor for sensing the

maximum tensile value required to detach the core from the formation.

82. A system as claimed in claim 81, comprising means for gripping the core, and for

applying tension until the core detaches from the formation.



86. A systemas clainmed in any preceding claim further conprising neans to
eject the core fromthe coring tool. 87. A systemas clainmed in any

pr ecedi ngwol2aiomsog4ar t her conpri sing nenory nmeans for st @ecTmy2o0esimodrel at ed
to the operation of the system 88. A systemas clained in any preceding
claim further conprising an electrical link to communicate data fromthe
operation of the systemto the surface of the borehole.
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83. A system as claimed in any preceding claim, wherein the drill bit comprises

concentric rings of teeth.

84. A system as claimed in any preceding claim, further comprising means for

plugging the hole from which a core is obtained.

85. A system as claimed in claim 84, wherein the plug is arranged to seal against a

casing surrounding the borehole.

86. A system as claimed in any preceding claim, further comprising means to eject

the core from the coring tool.

87. A system as claimed in any preceding claim, further comprising memory means

for storing data related to the operation of the system.

88. A system as claimed in any preceding claim, further comprising an electrical link
to communicate data from the operation of the system to the surface of the

borehole.



