, v 1] e3e8?7@<L(tB6T@15v ', z* 5 Decenber 2002 *GOO~ 1 METHOD OF

DETERM N1ING | ek SSES | N AN EARTH FORVATI ON The present invention
relates to a \\\\\\\ \ ermning an in-situ stress of an earth formation,
NG Gt

the formation jected to an in-situ stress state gpdiefberbbpst. a
second and a third°principal stress. ThetHBree 5 principal stresses are
generally referred to as the first, the second and the third in-situ
stress. In the technol ogy of hydrocarbon production froman earth fornmation
it is often requi INETHOD GERERERMININGEYrHITULIBESSERIN A E&REH RORMAFION he i n-situ
stresses in the formation, or 10 at |east to have an indication thereof.
Such know edge is needed, for exanple, for the purpose of achieving

wel | bore stabilityTheomhestdny imwdimatlildre feladtas itng ofmdttteod osfrat i on,

eol ogi cal node] li ng .or, preventing. san roduction. The directjon of the
ign-sitglu stress tlt,e'&%“lﬁb”ggs %btjél}" t'csatblsl %Se%lipr :arha%%ti %Ha{ééon' th

differential stficynh s isd Sng VAID PUSt L AS TS T0ehit (USSre 9§ S0atal hedh
mnifrac tests. In this respect it is to be understood that one of t

. e
in-situ stressés iiFFenet aF5PRH 3RF 13 LA r%’&’c‘i‘%’np?a%ds?’f%sﬁagﬂpﬁu*dgr?§

det erm gied frorptie: sl Ot 20s & s t e Oy&i bt Opp. rdhereé@reo 4B gaseral only
the two ' horizontal in-situ stresses are subject of investigation with

respect to dirdctith die ng@ferddand | Eheakhbe@ninrsébut BtHGEEr nitRe thRe

magni tudes of thehatizent g fl?&iéé'a%éﬁsﬁﬁéd@&‘tf@ﬁsﬁf&ﬂgaﬁt baihs and using
constitutive 25 properties of the rock to determne the stresses. However,

the constitutiveopraopeenits bf ohtepotkyaitedeher kNPy hbe masniitdep lmewn.
|t I s therefore, Al oblsel gk tRE LAVENLLODcEosJeL et PR MPHERARINEAl Bl the

magni t ude of one OF  hDF € ein-situ stresses In e earth
format LON. at least to have an indication thereof. Such knowledge is

needed, for example, for the purpose of achieving
wellbore stability, conducting hydraulic fracturing of
the formation, geological modelling or preventing sand
production., The direction of the in-situ stresses can be
15 determined in several manners such as differential strain
analysis, various acoustic techniques, or so-called
minifrac tests. In this respect it is to be understood
that one of the in-situ stresses is generally in vertical
direction and its magnitude is determined from the weight
20 of the overburden. Therefore, in general only the two
horizontal in-situ stresses are subject of investigation
with respect to direction and magnitude. It has been
tried to determine the magnitudes of the horizontal in-
situ stresses by measuring strains and using constitutive
25 properties of the rock to determine the stresses.
However, the constitutive properties of the rock are
generally not accurately known.
It is therefore an object of the invention to
determine more accurately the magnitude of one or more of

30 the in-situ stresses in the earth formation.
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., f - - 5 Decenber 2002 In accordance with the invention there is provided a
nmet hod of determining an in-situ stress of an earth formation subjected to
first, second and a third in-situ stresses, wherein a borehol e has been
drilled into the 5 formation, the borehole conpaining a bgrhlg,dr/3402

i nduci ng a selected pressure to the borehole wall so that in a regi on of

the formation the first in-situ stress._Js_replaced, by another .stress.
dependi ng on said sel fss[(ﬂ et Orj:edsjasrlljcr:ée ‘?ﬁ%c%%et(l)n%’ﬁet %Peﬁg’leéceméls’l ,prt%'éded a
met hod 10 conpri simtHde of epsteofminisegl ent ingsataasplre sshioth aa s dreen
renmoved fromsaid region, the sanple havi first, second and third . .
reference directi cfr?s‘: Rl c_%‘il?l%‘lgg‘ée%i f ?gﬁskgsﬁgﬁ%a&‘idﬁ&ﬁ ofM 1
first, second and ddlidgkdd); SihelrdonShrB686R0REI Ba st BekaMmMall 16fd the Sarpy e
fromthe formation; and - conducting a gl urality of tests on the sanple
wher eby inSeach t dsirmafel @anpteiROSEBP L.t EANEEI8ENGC P FtoEdSest T H  he
reference directi AR A5 4 0sgeL et BN rasdarage o2@ anwe) e 1 e samiieae
and to determne fromthe” damage envel ope at |east one of the second and
third in-situ stredgses, rederi aft hhenrhghnatdenothenhd igsitedineth ISty exfsre s the
first reference di t] IS, S iakl¥s8q : j it j d
anot her stress. Zgﬁeqﬁégg?oé%egﬁﬁggggtggd tsﬁa'?@ r? t 1&%%%’%1&3?59?1;’%1?@6
present invention gresborehbhadueat| tonthadbsreboh et @ ldyl ithdr immtihgrbrt  of

t he boreh be wal | and the.rllootggm ?J‘C égeo Qrehole. An inportant aspect of
the inventPon is t$APELTOURt “I'S TakBR Of ‘the severest stress state to 30
whi ch the sanpl e mat erd&ledasniyeanssmplectvadchnhasdéreeno rdetcarad nerdesaid
damage envel ope. By "severest stress state' i ant the stress state at
whi oh the sanpl 6 rRGHP3I TAS BRHEIGOREVLRE Firgest SR I ddrtde. For

exanple, if the sarpf&rdscét aliepebt@Bnshahbenekoliadield (tH Reh S35 Syt €S¥e
stress state is considered to occur just before - 3 - 5 Decenber 2002

renoving the sanpl®¢@k ehe Por HBE] Sﬁrﬁﬁeréﬁ)‘llot“ﬁeﬁé%itﬂ}d'éj oftthe“Werti cal
in-situ steess at dhe.locatpongt thersasphe b¥ neRl acadhly A-yertnsal

stress equal tothe borehole fluid pressure at the borehol e bottom pl us5the
wei ght of the rockfpematian; bahfleen t he borehol ebottom and the |ocation of
the sanple. If the rockmmbgrtghqgCanbaleaiReLe off Webed hih PUE it whereb
pressure isto be deduc%%%?r om sai d %erti call&stor ess to find theef’?géctiv(/eere Y
vertical stress (whickach thetsthessamaiei a¢ lyblentaddico gFalesyed nstoehses
severest stress stae.phe Lablgnat Hiedckliehanee hRl RIS 20 hdhage
in-situ stresses andtha vertical stress, to the nean stress is at a

maxi mum TRe danmagezenekbppecfakbe sefpleedndo tas ddiee miwimey efl5wur f ae edlangge
formed by the points_in _three-di si.qnal st ress ' he ops of
addi ti onal danageo%%‘ﬂ?goﬁﬁo%%fgsg%gr Oﬁ%a ?né:%c%f stsﬁ%goquararéprf%wunﬁ]%éiﬁ?.gl%
Thedamage surface sanebgeaccuhatrelin dbieemaigmed Udeom fadiests elked ssd ot bys$ hen
sanple material at_the_onset of.20additi,Qnal .damage. Such acousijc enission

i s general | yrefer r%ﬁetglﬁggt RETRACEEF gflfr%&tlaosﬂ or° xsan%q%%%%js%r?%'éﬁfiﬁo
"An acoustic em sstpd shydytatiedafageiddeneltd@ret sexks st ress- nenory

effects in sandstone",B J Pestnmpn et al, Int. J. Rock ch. Mn. ScL.
&25Geomectt® Abstr., Voft 33, tﬂon.%eG,‘mﬁﬁ.rs%@@-dsé‘,aﬁd%.t TV T o‘?ll:-v\ﬁ:l?*i3 be
described herei nafpesskAtMhedataion ane horsnole wxE e Wdds redereage to
t heacconpanying drawi ngs iin whichFig. 1 scherr%g cally shows a cross-sectiogn

of a30bor ehol e for%ﬁipﬁréﬁaéaplaﬁtf grfr’rﬁihieorl?_,o _cﬂs@e qlr#t%‘?re¥kh%db%*ft?‘ﬁe°f
invention; =Fi g. | A-gghgpatheakl.y ashawpddtarntn-dddcisidesaespiesentibn the
earth formation; Fig. 1B schematically shows a core sanple taken fronB85the
earth formation: ah@at account is taken of the severest stress state to
30 which the sample material has been subjected in order to
determine the damage envelope. By ‘severest stress state’
is meant the stress state at which the sample material
has undergone the largest amount of damage. For example,
if the sample is taken from the borehole bottom, the

35 severest stress state is considered to occur just before



. - 4 - 5 Decenber 2002 Fig. 2 schematically shows an in-situ stress di agram
used in an enbodi nent of the nethod of the invention. In the detailed
description below it is assuned that the earth formati on contains no pore
fluid, hence the 5 stresses referred to are effective strg

sﬁc%nﬁlﬁé r4 by
the rock grains. Fig. | shows a borehole 1 3orned in an eaﬁ? or&%q¢%|3.
The undi sturbed formation 3 is subjected to in-situ stresses in vertical

and horizontal m¥r®BLiriPrchd .amplyeftdmatheofprnssive aheesbyakhand two 10
hori zontal conpressiyve strﬁg:es a2, a3 as. shown in Fig.S IAip relation to a
(S

cube- shaped el SR Thehorpt Fhre s, 1rRet bor 8hePES12Es thel LedatirR a

drilling fluidok afheseimprsd specédiscaright asvehribhal atrvekki egualr essure
Pis exerted by the drilljng fluid 7 on the 15 borehole bottom 11. Bel ow
the borehol e bdthoRAehele FEytdnPIassprenat bRAaPPERNS LEN bRttOR PRES

verticak insituid n@ssgd & enSPestki RaPOLDh1i BetGBEACRHDY R eBbigSS 01
equal to the vertical pressure P fromthe drilling nmud 7 plus the wei ght of

the rock nater ROt prdekhre t heCabiehoPt BBet saMPLeand ft kbespesikfi ¢ point .
The horizontal %A‘ﬁf{_ﬂl Sééﬁ@§f§568or¢§3fiﬂiﬁ,eg'tﬁg b6 rdr ¢10Al g)glres%'&'r% uEy

little) affecte e presence of the borrho A coring t not shown)
is | owered throughre edscedr Bhohesaidoveakacalcplirrdsi ¢al fdode tdanpl e 16

(Fig. 1B) froméﬁ%%c?gidv}%. 9&r£b§ai°£€?&%g”(§hibﬂ Eingré ts*%%e%%r%atszarrl%' b?y?

is indicated in ines to show t 'ocati1 on of the Tock materia
t he codd® sanpl etié pochbrgtainaking the sanple 16 fromthe formation 3. The

core 30 sanple 16 h %i$%£$;$év5§L§EeQE§eggr%%%%gnt %,r%tsec%gﬁ ref erence

direction 20 and a er ence direction Pl e dnd®di rect i ons
correspond to theffesprcei betiwneni theshoeszoditmdctiiness tor isyrdssaemnal  of

the vertical stress, to the mean stress is at a maximum.
The damage envelope (also referred to as the damage
15 surface) is formed by the points in three-dimensional
stress space at which the onset of additional damage
occurs upon further loading of the sample material. The
damage surface can be accurately determined from acoustic
emission by the sample material at the onset of
20 additional damage. Such acoustic emission is generally
referred to as the Kaiser effect as, for example,
described in “An acoustic emission study of damage
\ development and stress-memory effects in sandstone”,
B J Pestman et al, Int. J. Rock Mech. Min. Sci. &
25 Geomech. Abstr., Vol. 33, No. 6, pp. 585-593, 1996.

The invention will be described hereinafter in more
detail and by way of example with reference to the
accompanying drawings in which

Fig. 1 schematically shows a cross-section of a

. 30 borehole formed in an earth formation, as used in the
method of the invention;

Fig. 1A schematically shows the in-situ stresses
present in the earth formation;

Fig. 1B schematically shows a core sample taken from

35 the earth formation; and



. 5 Decenber 2002- 5 -the sanple 16 fromthe formation 3. Thus, prior
torenoval of the sanple 16 fromthe formation 3, referencedirection 18
corresponds to vertical, reference direction0O 20 corresponds to the
direction of in-situ stress 62 and5reference_ djrection 20 &% o]
the direction ofin-situ stress a3. During and 4after rermvaslcﬁééeqﬁﬁe 2
coresanple 16 fromthe formatigon 3 the conpressive stressesacting in, the

reference directions &r¢€ -al4 stEENHeT 3 et GOt - E iU Hiofees | i agram

contai ner (not shQwahlQGOrHraidhiH BndAtli g atha Mg Ater hyrl o edh€ion.
pressure. In a next st ep a seriles of%dpressure tests are carriedout on the

core sanple 16 wher ebymt Wé\esé?ﬁﬂaeui ) ] CCkRIdE S Rfdwesist vies sty eigsed Hhat
S2, S3 in respectiyer ef.8n8Nch, 4 €Ldd 08 d8inLtho Zord %MP%%% ine

testslSis to determne the anmount of damage which the materialo e core
sanpl e 16 has undetgessgs ixgfenrednbyadrd rohfdrt ceg t9cfosses i odrBiedddbyo

et & Lhe nor 38 Po S st resses: LARLAL Temo TG ALl o Bl aTROg,
can berepresented by a danage ‘envel ope’ in ree-di nensi onal 20stress space
(S1, S2, S3). Congiadehi rfgp rrieatt i drhe3 anbuentund detmegee df £ trea Sbompl 2 it eri al

is determ ned by th?)sevet{e(raétt stress. state to whi ch ‘;hetsa | e rra}therial fal
hasbeen subj ect ed 5FPIES S sS A BT TR hgt T he T Bt st AMd LT T bFonte
damage) it is an gip@dwEdn aspest Hf véheldbi nveshp oasshoé strésst@keaninteo
account that the severeststress state of the sanple material occurred in

t hepreserio® of théokdreiral el ¢ss$Dre t ot res®ys nop 1 hesaapl shdwnf ionFibe
formation. Therefore in the severesta stress state the principal stresses
are ol in referendd30di rectdtoiorgio a2 ¢ubeefmaredee tément i prol0thad a3

| nreference directd on 42 th relersaee Lo H o2 1N RIOML 1€ 8FiDeng
damageenvel ope for =al'~1%s en defermned in &a series of - -
Decenber 2002 testfduia estohratel ¢ hieedagmed iiflies wéidior | oot athan-si vertical

stresses a2 and a3._ Durin he tests the conpressive, stress. S1.is _kept
equal ol while stPé?Ssé:’élrseg ﬁan’dS ﬁx%pée@:WegP n‘?f*lfh%go‘ﬁi‘é%g'o? 3’ad§$?onal
damage ocrirs. | nporddie laxanpt €omli Ayr aBe bdw Filge Rotdieosanpberdd 15 Lsaded
al ong stress path 24 to pojnt_A at ich the onset of additional .damage
occurs. Such onsetre@floébd]i‘{i%a?h%a%%a?koﬁe?eﬂﬁ‘?ﬁkéﬂc%yg%agﬁlf{:ﬁﬁaggg%ti c
emi ssion fromthe JaterdtesHaspdadnat Bgekaiserpihecis Nexlatbe syrgsses
10 S2 and S3 are changed al ong stress paths 26, 28 to point B, alohg stress

paths 28, 30, 32 ts@xqiditcC, chilg &3 ress watdis 32, pdbsuie (0 Nadmttd: and
al ong stress paths 36, 38, 40 to point E, whereby the points B, C, D, E are
determ ned by the dmdetirof raddi 7iphat taeeagel gint 16f acicer dankematehibhe

Kai ser effect. Th urve farmed LN C..D . E nmake up.the profile
of the da5 ge sur%é%ew?eol} %iggb%’?ghg?% %%%Q%%?ll%ga?%et?%s?%?c%g%cé Fggflg'be
taken that the seRiediosSizessabt ahesdtut hersaspbecpptesial deyinmi exceesded
to a significant extent in order 20 to ensure that the damage profile as

determned fromt et ebes aoturdesyylibpteseaffechedskeyetretpsesessespat she

whi ch occurred befgre the sanple 16 was rempved fromthe formation 3.

A coring tool (not shown) is lowered through the

25 borehole 1 to take a cylindrical core sample 16 (Fig. 1B)
from region 14 of the formation 3. In Fig. 1 the core
sample 16 is indicated in dotted lines to show the
location of the rock material of the core sample 16 prior
to taking the sample 16 from the formation 3. The core

30 sample 16 has a first reference direction 18, a second
reference direction 20 and a third reference direction
22, which reference directions correspond to the

respective in-situ stress directions prior to removal of



The damage profile in the SI, S2 diagram (for S1 = 25 ol forns a set of
points (S1, S2) of which each point could, in principle, represent the
in-situ stress state (61, a2, a3). A selection is made in a known nanner to

determne fromthese points the real in-situ stress state E§ nr‘?r%@' by
taking a vertex point in the 30 profile as Bei-ng represen?a élq?e o[gatoge

real in-situ stresses state. In case the rock material contains pore fluid,

the total stresspat sa,pRRCITd ERM Mhd FdhRR it ahdss e or S Pecenber
2002 sum of the effective stress (carried by the rock grains) and the pore

fluid pressure. rEROVaBowS dtehcdmMien darf 1o &fe ifearmatiensini | eefensmee
for the effectiyg lelldd! ¥ Isses et A2 @l WherdRtidoals fllegbhve

in-situ 5 stress ale at a specificpoint is repiaced by a stress al e equa
to the vertical 2fr essumesgoridoma Hevadrdilddgigarud 7 iplusi tttheswee ghtopfande
rock material between the borehole bottom 11 and the specific point mnus

the poredfluid pedssance THer erigit eSO aIROHbT iTorig dbrestberiod
in-situ stresses at

i ‘ ; ! ar
descri bed above lv%—tsre%taggse@geﬁsc%rf%' gtg‘n[alﬂ‘gé :‘@H WAL A PA] s TBAD Lo

sample 16 from the formation 3 the compressive stresses
acting in the reference directions are altered when the
core sample 16 is stored in a container (not shown)
10 containing a fluid at a moderate hydrostatic pressure.
In a next step a series of pressure tests are carried
out on the core sample 16 whereby the sample is subjected

to compressive stresses Si7, S, S3 in respective

reference directions 18, 20, 22. The purpose of the tests

15 is to determine the amount of damage which the material
of the core sample 16 has undergone prior to removal from
the earth formation 3 and to estimate the horizontal in-
situ stresses therefrom. The amount of damage can be
represented by a damage envelope in three-dimensional

20 stress space (87, S, S3). Considering that the amount of
damage of the sample material is determined by the
severest stress state to which the sample material has
been subjected (i.e. the stress state causing the largest
amount of damage) it is an important aspect of the

25 invention that it is taken into account that the severest
stress state of the sample material occurred in the
presence of the borehole 1 and prior to removing the
sample 16 from the formation. Therefore in the severest

stress state the principal stresses are 01' in reference
30 direction 18, o2 in reference direction 20 and o3 in
reference direction 22.

With reference to Fig. 2, the profile of the damage

envelope for Sp = 01' is then determined in a series of



.- g - 5 Decenber 2002 CL Al MS 1. A nethod of determning an in-situ

stress of an earth formation subjected to first, second and a third in-situ

stresses, wherein a borehole has been drilled into the formation, the

borehol e containing a borehole fluid 5 inducigg a sel ect ed ma&shper2dg t he

borehole wall so that in a region of the formation the first 1n-situ stress

is replaced by anot her stress dependi hg on saig sel ected, pressure induced
o e3ef

to the borehol e W&SIES (4 St FIY tHEe St epshBFizeptalsdpasiitng a

sanpl e whi ch has sl&ec%sre%rrwzepbrmfg.sazb@rix@%i% tber sappbecBABrag sfilvest .
second and third reference directions which coincide with the respective

directions of thetfddss .s;SecObPNtedlidI doq 1)- SIHIU StSEESLSHIEPT 2 HQ S?@Yé'

of the sanple fromthe 1§formations and -~ conducting a pluralTty of Tests

on the sanpl e whemetyd ursaich tlestondet safpdddi sisnbj edamdgboogeest.edn

stresses in the reference directions s]g s to,determne.a ggrralge envel ope
t

of the safple and o TR & FFOH N Imge F0°eneBPOfe e&S8d5Ge of

the second and thilihg staidds Patassess whepeint t headognitudenel ochdet of
selected stress in the first reference direction is substantially equal to

the magni tude of 288t IGTRhetaRAFLRCCYES Thel Gt PREehf 08| affttionRdr samadke

direction of the ;25 ddtedmide$idy Bed£88ing SebesaDL Bhh¥sYBht iF¢aly taad the
directions of the second and third in-situ stresses are substantially

hori zontal . 3. THatfstifdd d12%3%iH 2thensebsar saffefbgi ¥axts thel ehvrelsses

bor ehol e ot t om and 5] & Pri FBIh M EE3S1onselt peds bya3Ast be, Weisohl, ghitite
fluid colum in t%e boreh38I e and thée vve?ghtgiof thesp ?t (S)f t he Iga?'%)h%mm

formation betweem®,t hong $Recenheth2002, bdo ehdt etbopbantany thenkocatden
where the sanple is rempved fromthe formation. 4. The method of any qne of

claims 1-3, wher &aFhsaidf satpl & hasC RRMT hovddd s # bANEhECBEEEORALESI o1f of

the 5 borehole. g, The red heshof @Nyweeee9f €hai psiatS, Wherepn inagach
test a.point of the damage envel ope is determ ned from acoustic em ssion
fromthe sanpl e. BtemminRd oY SiHsearet aff y2ddiBesepilbedmpereiAbef ore 10

with refegence tQdhe MUY NBith the Kaiser effect. The curve formed by
points A, B, C, D, E make up the profile of the damage

surface for S1 = o1’ " In conducting the tests, care is to

be taken that the severest stress state of the sample
material is not exceeded to a significant extent in order

20 to ensure that the damage profile as determined from the
tests accurately represents the severest stress state
which occurred before the sample 16 was removed from the
formation 3.

The damage profile in the S;, Sy diagram (for S; =

’

25 o1 ) forms a set of points (S;, S») of which each point

could, in principle, represent the in-situ stress state

(61, 62, G3). A selection is made in a known manner to

determine from these points the real in-situ stress
state, for example by taking a vertex point in the
30 profile as being representative for the real in-situ
stresses state.
In case the rock material contains pore fluid, the

total stress at a specific point in the formation is the



. 3=t 06-2000 ., EP 009904701 _ 5 Decenber 2002 TS 6109 PCT NE WCL Al M
1 1. Anethod of determning an in-situ stress of an earth formation
subjected to first, second and a third in-situ stresses, wherein a borehole
has been drilled into the formation, the borehole contain

fluid 5 inducing a selected pressure to the7berehol e mallsgékéaéﬁgﬁﬁnge
region of the formation the first in-situ stress is replaced by anot her
stress dependi PV IS r i tat b I |y,
t he net hod conggfgﬁ%g %ﬁ% §f§§§€§¥? %g§gggeﬁgg??%gdaggaﬁgﬁeq&ﬁﬁgﬁﬁﬁﬁguﬁeen
renoved from saindrelyeoporenélyafpreepavirag Thesaboyecowdhand thiwr ¢can be
reference direclhonsouhifnacaineide whhietheoiesneckiote diivactions of the
first, second and third in-situ stresses prior to rémoval of the sanpl e
fromthe 15 forsmtéssesanger Oopdamditge a Pharweirtycal effestanet he-sampl e
whereby in each test the sanple is subjected to selected stresses in the
referen®e direcstoasssolasatoadéeprecktic aodatades aepdlases dfy tehestsraamd e and
to determine fromthe damage 20 envel ope_at |east one of the second and
third in-situ sPresseduakhbpacherveelicalt paessneenBghiretdéhef deid ldaidect ed
stress in the first_reference di[e%tiO? i% substantially equal to the
magni t ude of safd%adoPhds {PPed§1985 51 fhe ﬁéF#b&q§@§ﬂ%$ AEWERTEIES t he
direction of thgobtkhslel Botitih St 698l ithespsaticaldoimernina , cndbdhe
directions of the second and third in-situ stresses are substantially
horizontal . 3. FhEiRePR&§SOEecl diNf PadiHdrEias &f Fhedivn 30t ow 30 the

bor eholyg) bot t om,grd3$aivd WAL SreSSdsS I8f IRA B, are then

i
determined in a similar manner as described above with

reference to oy and ©3.



. ANVENDED SHEET

3ft"-06-2000 EP 009904701 _ 8 a _ 5 Decenber 2002 the

wei ght of the fluid colum in the borehole and the wei ght of the part of
theearth formati on between the MIC2/ TS6109PCT AMENDED SHEET
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CLAIMS

1. A method of determining an in-situ stress of an earth
formation subjected to first, second and a third in-situ
stresses, wherein a borehole has been drilled into the
formation, the borehole containing a borehole fluid
inducing a selected pressure to the borehole wall so that
in a region of the formation the first in-situ stress is
replaced by another stress depending on said selected
pressure induced to the borehole wall, the method
comprising the steps of:

- selecting a sample which has been removed from said
region, the sample having first, second and third
reference directions which coincide with the respective
directions of the first, second and third in-situ
stresses prior to removal of the sample from the
formation; aﬁd

- conducting a plurality of tests on the sample whereby
in each fest the sample is subjected to selected stresses
in the reference directions so as to determine a damage
envelope of the sample and to determine from the damage
envelope at least one of the second and third in-situ
stresses, wherein the magnitude of the selected stress in
the first reference direction is substantially equal to
the magnitude of said another stress.

2. The method of claim 1, wherein the direction of the
first in-situ stress 1s substantially vertical, and the
directions of the second and third in-situ stresses are
substantially horizontal.

3. The method of claim 2, wherein said region is below
the borehole bottom and said primary stress is defined by
the weight of the fluid column in the borehole and the

weight of the part of the earth formation between the
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3. The method of claim 2, wherein said region is below

30 the borehole bottom and said primary stress is defined by
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