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SAMPLI NG This invention relates to a well fluid sanpling tool and to a well
fluid sanpling nethod. The invention barticularly, t hough not excl usively,
relates to a so-called single phase or nonophasic sanpling tool, and
rel ated nethod. There are many circunstances where it is desirable to
sanple a fluid material, whether as a gas, a liquid, or a mxture of the
two, and determine its nature, for exanple, its physical and chem ca
conposition, to determne information about the body of fluid from which
the sanpl e was taken. On some such occasions the sanple nmay be obtained
under one set of anbient conditions-of pressure and tenperature, say-and
t her eaf t er APPARRATUS AND METHORIFOR VEDL FEUID SaMRIITNGY FhiSinseition tdlats toiaf
unpr ot ect edvelitfluéd siaiplihg ted] sidab a-vwell fyid datpliphmsihedl and chem cal form may
change during this renmoval until it is no |longer sufficiently
r epr esent athy envehtidnjRrt@uladly Bbughlndt Ekclusely! ¥Rtz ad a SX-3dIRH Sinple phile®r Si t uat i on
occurs whemcnapisicREmpling 98], ikiSblaf?d nfeliR@ geol ogi cal formations into which a
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met hod for éP t‘h 3é‘°H B‘P‘B Wb mey i il §eﬂafad?ﬂ“&e@ﬁ’% 'S. In
t hat docu m% qxaepko%hlq%ph%ergéﬂp}taée mﬁl%)qéewé\ff depehiauidh
internal s Péowﬁﬁ%wnﬁgla%%ﬁ%@d?%ordﬂﬁ‘?lt‘UQA)e‘PItheleq}H‘B at a controlled rate,
and the sanple chanber is then automatically sealed. The well fluid sanple
i s subj ect e ph,ghensegaratsd sample & nodoneertpuly Fepresantptive of the ariging} flyjfires) at

si ngl e- phadeast aetin aneasilyundersipod wayspngd syéealoswrn@@é Velug.dndped &xspmesed by a
hydr aul | caloirgumstprrenit may deiimprapricst toreqenuidite theisyigiel “%l%%@@#e gas acting on
anot her floating piston. Once sanpling is initiated e by an internal

cl ock, the Sngl¢ phase wuéme@qleara&nmfp@xa@elezmﬁl/MA( ASSAMPLI NG
SERVI CES) HANMPBEENG SER VICE S)rdissiasena wigll Guid sampling$eal and methpd fraetdeNing o t hat
as the contsiigheephasghydrécadnisamplaefrem déeporelisaimdhatideciumdst thatsampplingdoenlds and

t enper at ur dowerepto the resuirgd depeh, sminpdreal sanspdé Ehambesis apentddd admibwpll Budrat ai t
expandi ng (cantoliedpate zanidrily) samptéehamber iy thehuoromgticely seated. Bredvaleihud simple fse
ori gi nal arsobjected prealsghipresiug tp dsép the simplevmiitstosiginelbingie-phase faamyuntibdrpar at ur e
change seeliengalysedc Bhsanmplecio preesipiesildiyrachydrauliéally-diiveh No& g pisbonposssadrby
change ( so Higlapresserggas attingeni ancthereftbatingegiston.cOmte pmpling iphititedepadiyatni on i s
avoi ded) . Thiemabeldek, theantisi sa@ebnd®yis autsiaagd. er wherein the sanpl e chanber, in
which the sanple itself is received and stored, is sealingly closed at one
end by a nuyBalklse 2064 (EXADSAMPLING SERVICES) diclofeswhattindementpptiicted ei t her
directly orprés3glielcemibénsated,isa timt Bihé eontdihariglifted 16 eHersGffaddf arfiilthé abbiyntpr essur ed
gas. The afgégumnahd engdrahasBlop/rsiPME Sardisls R idkdaledwTEio pasvRRTIs&phfiing

t echni ques, (ahd seParatih® vRHQ IR Wt kRE pRRTAS amTdecOily he ofiginBll nbidht fREPESat e for

pressure drgitively ibEntSASPI Ry téinPdRRe CRIngE Secllin@Ro calRE 8 Borfdpdidingg t 0ol s,
therefore, require the provision of a gas reservoir and conpli cated

mechani snms to apply pressure to the sanple to corrpensate for tenperature
reduction induced pressure changes. SU 368 390 MJUNA et al) discloses a
device for w thdrawi ng sanples of for \m\“{“\ ncI udi ng a body, a

receiving cha ston, and a e wherein the receiving
chamber is fitt Em'nmmﬂmmumwlectrlc heater cgect ed to a thernoneter
nmounted in the the aimof preserving the properties of the
formation oil in tH&%¥&nhple w thdrawn. W96112088 (O LPHASE SAMPLI NG

SERVI CES) discloses a well fluid sanpling tool and method for retrieving

reserv0| r fI Uld sarrpl es from deep weIIs In thls docurrent the sarrpl | ng tool
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'O b fUN 200 In such a tool the evacuated jacket acts to naintain tB& JUN 2003
sanple as originally retrieved, e. g. in single phase form (at original

t enperature). Advantageously t he sanple chanber is substantially contained
within the evacuated jacket. Preferably, the evacuated jacket conprises
first and second tubul ar. bodies, the first tubular body conprising the

out er most  \REISPUTR Fhange (sp hat ismpsratpre-fduecd purreure diswiad Phese pa@tlﬂlglw@w@ed

wi t hin t he Thisead igaigined by BéWPleTa‘ﬁheé‘?}&é@éﬂléﬂle@thﬁ%rmH@F heseipiedisell et ween
the two bodeeired aprsoredgesnalingly closrd abouecand by @ neqvsle parfisors igthaethasyidg of

| ongi t udi nathiginip aprlied §ﬁhﬁ§élf@fé e indireeily (wadi tasfer flwid) proaresof suitahlymiessurethul ar
space may #8s.approxi mately between 10-7 PSI and 10-11 PSI and typically
around 10-8 PSI. Preferably, the first and second bodies are fornmed in one
pi ece, bei rifhejafvirerachtiabedadampbvstoos resertindly uby efngreataltipn slchdques hiee. slenpl e
chanber i s ppesewriscdghases 4dn omtheBample takdnmpensapofdy pretsusidros ingthe $agmpdd dygas t | y
provi ded witéthpematiileelrege Taerd siipliigasolf digbyefordrhequnitettie prodision of agpd esdrevipper at ur e
mai nt enanc endeanglicated mpchatisiedo appleheiabl tv thahnpRito thap&eae Ry tamydrdnier d

t ubul ar bodé®stiomeiRd pRlsyuire Et@gdsenper at ure mai nt enance nmeans include a
plurality of heaters spaced |longitudinally between the second and third

t ubul ar bodjreses mwnntm&lan diddRsxQaHe01ce fidvathAtatBil dathpRRKfdrRatinensat e
for heat | Qagudihg 4 B&ly! a FRSPRGChMEI: ReMi S, aROMARIABARI Shreld thstecalitlg
second heatcﬁﬁxﬁbd?ﬁ@ﬂﬂtéi%t@én 14;&&5heataficoiﬁe&moeanﬁém%eﬁehﬁmmba91twﬁytb@r ®body
are nore poy h&hint &ﬁﬂeé@%g%@pr%{)&ﬁésd&‘i'hedﬂoﬁﬁéion fof1GMHe REmpie Rx?i{hdﬁ% second

ends. This arrangenent is particularly advantageous so as to seek
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further co 2003 4
floating p|§T *he control | abl e novenent neans may conprise a further

fluid andrrAe %for control | abl reducl { ?1 of the further.fluid.
problem with prior art single phase sampling tools 1s that the tool must be lowered, in use,

down within a drillstring. The tool must, therefore, be of less than a predetermined outer
diameter. However, the tool should also be as short as possible, for example, to seek to avoid
the tool becoming stuck or"hanging-up"within the drillstring.

It is an object of at least one aspect of the present invention to obviate or mitigate one or
more of the aforementioned problems in the prior art.

It is a further object of at least one aspect of the present invention to seek to provide an
optimum sized sample chamber within a tool of particular outer dimensions (outer diameter
and length).

These objects are addressed by the general solution of providing a well fluid sampling tool
with an evacuated chamber surrounding at least part of a sample chamber, an outer wall of
the evacuated chamber being adjacent to or preferably forming an outer wall of the tool.

According to a first aspect of the present invention there is provided a well fluid sampling
tool having, at least in use, a sample chamber at least partly contained within an at least
partially evacuated jacket, an outermost wall of the jacket being adjacent to or forming an
outermost wall of the tool.
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- Prefrerably the piston is nounted on and noveabl e al ong a piston rod. The

pi ston rod may have a piston stop at Sne end adapted to limt travel of the
pi ston at that one end of the piston rod. The piston rod may further carry
a plug at another end. Advantageously ends of the sarrpl e chanber are

defi ned bythe prsto sto ndthepu Th tool vi ded with one
or nore sa |arFP ra T?‘F&e'taﬁﬁlto H’g}}“ lf)ra%éi %R'\KFTP ne Bl nore

sanpl e out I® t@ﬁg‘BEr]ttFré?eri‘)tB‘ieis may be distinct fromthe inlet
ports. The tooI rra aI so provide neans for renmoving a sanple fromthe

sanpl e char&fbrﬁntaaeﬁéslx Heppaplechyvbar inubyiantighy contrinadduitliin theevaghated isgkitd port s
whi ch communi cate with first and second outer ends of the sanple chanber.
Thus, in udueferblyuihp cvasyatpdiacknt nerprisds At andseqond tytivtas bodies ﬂsg&irﬁ@buﬂﬁ@r ts so
as to appl ypody derpresingrthé euterprosiswall &f thegirekstandithe secowt tubwlar body beidg prodisledf t he
sanpl e chamghin the fiest dibplae bbdys b exgcurtedarimemberdbing ipeovidedipetveeh thelvero bodieshi n t he
tool towards one or nore sanple outlet ports. In use, a sanple transfer
vessel may Advaotagaoesy.able éxactdial dambaris fonned Isaaniohgitalidal ednuposfase béteveane or
nore val veshsbodis. to all ow controllable transfer of the sanple fromthe
sanpl e chanber to the transfer vessel. Advantageously the transfer vessel
nay i ncl udeTi preskdrb &1 thé higildr BhcP iy 08 afrOMneRY BatwdehN 0 HSIansi®@n1 efanber .
Preferably @beyrﬁdaﬁpsfoaﬁdcdngrpger is of substantially the same volune as the
sanpl e chanber. According to a second aspect of the present invention there
i's provi dedprgseiBlyl th i dnd 8IBAd BT RE T8N LAGHBAL b&gba osreeraﬁat@éasanVI di ng
a well fl ur,gldsarrpl’r ng tool having a sanple cha er at east partly
contained within an evacuated jacket, an outernost wall of the jacket being

adj acent t t ool
down a wel ;igfera%%a;@@% e%ghll{ﬂ?&%ﬁaf ?b%lgwlied%nh ahtﬁ}rg a?)gla B%ﬁlﬂ%ﬁ%@%ﬁ%ﬂ tting

a sanple i e sanp y neaﬁs of controll able adnrssron nmeans;
seal ing the,§a vV,

oot e an S A AR L, B P AR,
sanpl e fronr he sanp Ie C er |nto a chanber of a sanple transfer vesse

mai_nt a naI ly sanpl ed

Ey ;uclhnasriﬁt{' ra%l e tel?%er éema 53 nange m eatns 1n[cn1% 6?1% ?‘f} %ﬁa{e{ aceerdat ure).
This may be® @H nh &% %’diﬁé‘fm@‘r W&Seg pr edet ernined vol une; thus
by seeking

UN2003 nai ntain the te reo t he sanple the
ol csur e of}\?‘ﬁatagzﬂrﬁlréhq i Hadp AR QIO S Bt 5 * e hg t he
sanpl e int olofar‘i‘Bn%arrpl e chanber tenperature and pressure outside the tool
are neasured_and stored by suitabl e neasurenent neans and s orage ns.
Accor di ng t9 ‘antaﬁ?qualyé‘gﬁée@ se5png tefﬁrrgsr@ﬁ?d 4t ARd sgRondfad hﬂ&ﬂ
vel | f1ui d @dsrE mere Peweriyliban fuprtse povadedsista! Eqanhe firshang Sgﬁmraitenri
partial |y eAFHEEUREE ispatticaterly adyaningenys 50 a%torseée? corapensye fqrhgatdoss bt Oe Bhanber
t he evacuat@ys p%@ké&m%ﬁﬁﬁnrbsr heplerably thesaepnd dederds meppoeriybippthefisi ng an
at | east paIP‘-‘taFe&I | y evacuated annul ar space therebetween, the first and
second bodies being integrally fornmed with one another. Preferably the
first and skefrblibbe teaperatye mrrw\ﬂmelrgeae%ﬁxﬁré@rt@mpﬂéesah@a%mm HEWeRiUe east  at
or near fi regnsodgraietentingtheltempferagne pf tho flyid sempleer abl y such integral
connection may be forned by wel di ng, and advant ageously e-beam wel di ng.
Pref er abl y Bietemblyt the af least pneatanipereiomrngndoo theasyres the temperawreef anguignwalipbt her
at or near teturduladgrdodnt ends of each body.

Preferably the tool further comprises means for controlling admission of a sample into the
sample chamber.

The admission control means may comprise a floating piston controllably moveable
longitudinally within the sample chamber.

The admission control means may further comprise means for controllably moving the



. Advant ageously a centralises may be provi ded between the first and0s5e‘(J:Lcj)Nnc¥003

bodi es, which centralises may preferably be nmade at | east partly from
titanium According to a fourth aspectt of the present invention there is
provi ded a nmethod of operating a well fluid sanpling tool, the tool
conprising a sanple chanber, heater neans in thermal comunication with the
sanpl e charflsatinghiforeans for controlling the heater neans including means
for neasuring tenperature external of the tool, the nethod conprising:
storing a presentrallablatoxement maans May eamrisop furthanBuid padvaesnidon deatrelbly down a
bor ehol e; aedveingpzdshyre afihe fsthenfuidhe tenperature external the tool at
predeterm ned intervals; conparing the neasured external tenperature to the
preset ter‘rﬂ’errfaltabb'ehea}vistotfs mérmtadeasind exvesbleariongla igopdat ure is greater than
the preset tenperature then causing the heater nmeans to heat at |east part
of the sanyihe pishatbé map haterepise@stop &itbne xhididapled teelifpi tratdl b€the pthwanitt dgeousl| vy,
as the toolont8nd cftks piskoh tod. he external tenperature is greater than the
preset tenperature then the external tenperature is stored as the preset

t enper at ur erheMVcailb@ﬁﬂ9lﬂ|§tltéraaﬁrytmug&%oﬂlsran@v\er ed the pressure external
the tool is also continually nonitored, and preferably the highest external

pressure MU uvhRhEbusl edsITad sﬁﬁpfetlﬁarﬁ&'? Tafecﬂeﬁﬂm}sthe bidiod sRbehe Hepthg.
enbodi ment the tool 1ncludes an electronic clock circuit and a nenory

| ogger ci rcrﬂettoorfftaga%@rdwdeh%aJntfothoassaagrenqt tgdg. Present invention there
is provided a well “fluid sanpling tool l uding a sanpl e chanber and

pressure r t er nal
Phe tool siisk WE?@ A e B b SRR ARG R Y
pr edet er m ne eve e pr epssure is reli eved vi a t he pr essure reI i eve

h f I
E?Z‘Qiabfeedﬁ‘sﬁgﬁﬁi Esgcrrfﬁevv&dn”%%é‘%”%“’ T R BRISER B ténpé?atvﬁré” )

mai ntenanc nmeans. Provi s on of ans seek
excessi ve ssgtrrl frra?r smytrr “ft Btcgmiwgfrb%*r %e W‘?'b? ¥her mal
r unaway of Fe 08 BF ra"’t thﬁ?‘}] 1%1 %’36 Y of
the first, noirse‘fq"fitpﬁ rpéesﬁ‘ggg%?f ‘% rted
into a bore‘W SapRiesh a %‘“56‘1?51”88‘“? Sprapie esr ®tools
or with ot H&P Y %0“?%@(&% ouligbiBi®y pressure gauges, toggi ng tooI s,
spinners or the |iKke, threaded cross overs An enbodrrr%{t Cif t he

i nvent i on WU ASHIDE tr&%%f%‘r"ieffé £ ar ’6‘ﬂ¥eysa eyt ?teﬂoétﬁ ¥hce to
t he accorrpa?WPﬁ@‘OEPr%eﬁ@%a“ﬁﬁil%‘ﬁC%ﬁ‘t@la F&éns@"( sample front the saaple f
crosssect | oTHAMbE; tpgheiaasier ¥Esek wel | f1uid sanpling t ool accor ding to an
enbodi nent of the present invention in a first position; Figs. 2 (A- (E) a
series of chdestagenusly dhetransieruesssl ey inpludeigdusgher ﬂortmmﬁt@taprﬁrlriﬁbwmra of
Figs. 1 (A)tranéﬁchaﬁlbaf second position; Figs. 3 (A- (E) a seri es of
crosssectional side views of the well fluid sanpling tool of Figs. 1 (A)-
(E) in a thRrefirabbsthe ramsferchabes issof substantiailyl the basye velipryas thaeemploe fnbﬁi g. 2
(B); Fig. 5 a sectional viewalong line B-B of Fig. 2 (B); Fi 6 a
sectional vAesgrdingiog se¢and agpeCt efftheprgsenpingedlion e, is proyided aseelldhid sampling si de
vi ew of a chetked bamhptisingfthe sitps@fipaetidiog a wiel fluisldamplingiogkhaving(aspmpleE) . Fig. 8
a sect i onal chainber s leastgattlyrven®@ingd efithini ag.evacuated gackd, an earmostrvalll ofitlmjackebong

| i ne E- E ofbdigpdjatentfd gr fohiBing as evtenmsaivall ofthe tloh hawdringaheRofl defwnfi wellbgre( E) ;
Fig. 11 (A toa lscitienwhere welirfBikistto besavipéad; ddnnittingneampldéntd thecamplerviambad above
of a pl ur al byt meais ofieattetisblpudwisdaimenns seslangphesaciptndiembery mpridvingthe part  of

t he tool of sakiplsto sirf{c8)whilEkubstangallylhaifiBinirg the feapadaiuge piths paqile; vemaviggy f r om
one si de t othesanpsieatomrthe @angle chamber iatolaahgaberHE akanslé ramderobssehe heat ers of
Fig. 11 (A provided on the sanple chanber conprising part of the tool of
Figs. 1 (A Bykicha ithod il# sdughe ReiEibiath He @@iplas@righlatg bdn@pled; eCg. i shgle y

associ at ed phabd o €arlda butRfanttilGorigial Bimpedafole). Fig. 13 a detailed circuit

di agram of a clock board conprising part of the electronic circuitry of

Fig. 12; Fi9his kfy Be dtidieh a8thE ksdrfpll thﬂrb%gﬁam;ﬁédeenhﬁe&%mhe%ds r?ogmﬁh@ong
part of the el ec?’ronrc circuitry of Fig. 127 Fig. 15 a detailed circuit

di agram of a heater electronics board conprising part of the electronic
circuitry of Fig. 12. Referring initially to Figs. 1 (A- (E) there is
illustrated a well fluid sanpling tool, generally designated 5, according
to an enbodi nrent of the present invention. The tool 5 has a first end 10,
which end is normally the uppernost end when the tool 5 is conveyed down a
borehole of a well, and a second end 15, which end is normally the

| ower nost end when the tool 5 is conveyed down the borehole. The preferred
maxi mum out er di anmeter of the tool 5 is approximately 2"so as to facilitate
ease of transrt of the tooI 5 through an |nner bore of a standard 21/4 test

L, o . - e




. An end of the top cross-over 20 is threadably connected to and seal0d yUN 2003
engaged with a first end of a battery housing 25, which housing 25 provides
a battery chanber holding a battery 30. In this enmbodi ment the battery 30
is alithiumbattery. The battery 30 powers all elecrical/electronic
conponents of the tool 5 hereinafter described. A second end of the battery
housi ng 25 Maintainthetgmpergturcnditkectample the prsesursed thespppleigalsemaintainzeda first end
of a clock board housing 35. The cl ock board housing 35 provides a cl ock
board chantfedvanageonsly om adrigtirizshe spnplointbsthesaaipbe haimber tdmpgratarehnd psesbuenoi d

val ve 50 wiviutsideitke tookare medsstbdlapd stred bl ouikableonsadurdmentinees anicstarngt rodans.he

cl ock board housing 35 is threadably connected to and seal ably engaged with
a first endiwbrdinggohéiai dpait pfithe peSent Aivegmanikreisgprofidddhevadbiled edntpling ppl e 55
i s threadabbyl imdningrd @chplecchamtersiad laa bl lyasepatg Bt vaduated gacketrsatrommdihgaf a

buf f er chartest panoafshawgmp. chdiBerbihé Eedcusbbjabiest chmprisingdfirsGnpseohdle@dular buf f er
chanber 65 boklies havidpean 4t feasttpanlall evazuited dindlat Ypateithetbyvbe, €he fiiktiadd sdcond
sanpling, itedes béigginwdgtdily@bimedpiith W@ an@heri Nnput port 70 of the sol enoid

ni pple 55 at the second end of the sol enoid nipple 55 which communicates
with the S@lr@fee‘g? tNSfiéandQedtnd bt)the@aréﬁnégtmwméctee t@bmn%ﬂé%m&dsp& gpect ed

to a first RRdy adj’ac&{%lah&b%f@h&x%d? The tubing piece 75 is |led with an
hydraulic fluid 9. a mneral 0il. A second end of the buffer chanber

housi ng 60 I : st end
of a bgfferPlr eIaE'[ffa @Eﬁﬂ %Toi‘(fg‘?@gﬁ.°§gta§0°ﬁgﬁl‘g‘?e§g r“% ?rde]}( gir?(?g(gﬁﬂt %Mlghf'@ 2 I{uffer
chanber blee ni ppl e housi ng/ pri ne port sub 80 prOV|des a first output
P‘r’”roh . Sgo‘r"?'%ﬁ etaBly’ a%”&fe‘tf?ciq aﬁcPse@?r? o(aﬂeg fé][‘cg}t&%ﬁ%*? oﬁe {ehgrd&t'o gié?rlé:bpé‘ first
housi ng 80 tee%ﬁ%unlca?es mnth t he flrst output port 85 via a choke 86

i ncl udi ng a, 4) Ul rru t| |rer Vg?ég BB er a‘sec dses(rﬁdﬁlces)
f 1 uid BEySly LA AL e@tb 87 SERAMPIE> X1
1o RGO Ay R SR

pressure at the first is.15, 000 PSI ,
first ourl checafi 83 T \%ﬁﬁﬁl t?S?ﬂérnveﬁ*wett&% !éé"’% ol PrERT Oa e o
pressure actV wd sap /“P‘?l fog ’gtrlﬂngfﬁmp er? t)?rP‘ﬁ%n e of
fluid acr oscé’“t"HB“an?%YV‘q‘ Hespmplg cpargler ppd mpgns t’rrcé’tm ?ft SI s di vi ded
by the nul tPPPiag means fopmeasugingtempergfupepxierngy of fhy t ’ft eomlta FYBRHSINge fir st
inlet port SN Rrenst temperatugs qn the ool mgans; lowering the fqol dowrrp pareloleit r ol s

i nportant | SENERKLY mmttwyl&thetetnpﬁtaﬁse oyteraa] by teolat gredetpmingd intervals |

her ei naf t ercoywaBngethe grasusst extarpal fenperagire fothppreset tanppsertirg and ke Itl?ﬁs'éfﬁﬁ’rpl e

t 00 qui cki yextaresl ésmperrinTe isrjeatidlam thepraseh topRTaturs thon sansing dhashrgtepmeaisde
houses a pr@ﬁ‘sﬂ]ﬂ@s%mﬂOﬁét?ﬁéma]telﬁh@n‘?err&h@ﬂm?éﬁ“@llewaéF?WE@HPes t he anbi ent
downhol e pressure and tenperature before, at, and after the tinme of

sanpl i ng anddwatageousyces thatool istawesed if @eaxwggg@mpmawls Breptes thag theanresst | vel y
t he cl ock biemperahg: then the hxtemel temperetureap ftorpdigs the@preb¢temmiratuzeecond end of t he
housi mg/ sub 80 is threadably connected to and seal ably engaged with a first
end of a hehdentagemsly ahthegdolgs lo®Sred Threpréssanc extehobihd tdeb issilsegon@®mally ovi des an
air fill ed mbutrpest, addigrefstablyithe bighest ergernbigprésouygeronitorad i stored emthe sottwht er

el ectroni csmbard 115. A second end of the heater board housing 105 is

t hreadably connected to and seal ably engaged with a first end of a

connect or pinegeefeRed enfbveithémnt ste tesidnaxidet reelearoneciak cprwicandla2@emor® Idggdr U N
2003 provi désudt. first output port 125 which is connected to the first input
port 90 of the housing/sub 80 via a first pipe piece 130. A second end of

t he connect AtcopdifRE® d f2th dspedd bOE gdentiivintibnlthére is proniadd 0@€lt {1hid Gamflingh
comuni cat e@oMintladihf & sdrhpls thamtet &id fResstire ekt mbarseotiftin@atndbeté @ thoonnect or
pi ece 120 i snipldéhdmperdd BL@inalitht odsdch ik, i 0k, Fipradsdre frsthe thidibenexchaldy 160.
The first tplogdtemintdddvel B preastiné issr&ﬁavé’d\v@ﬁ{e%é’é@tﬁé roMdbd mednst he tool 5. The
first tubular body 160 is |nt egrally forned at or near a second end thereof
with a secopgh Sﬁreéaute%hebe%aasﬁéaﬁébﬁtpnt@@%reme ligSh1vaea 51%9%% disto thédool

bodi es 160, 165 are substantiall'y concentric and an annul ar space 170 is
formed between the two bodies 160 165. The annul ar space 170 is at | east
partially evacuated, e. g. to a pressure of around between 10-7 PSI and
10-11 PSI, and typically around 10-8 PSI. The annul ar space 170 is seal ed
at or near the first end of the first tubular body 160 by a portion 161 of
connector piece 120, which portion 161 may be welded to the first tubular
body 160, e. g. by e-beamwelding. Further a centraliser 175 is provided
between the first and second tubul ar bodi es 160, 165. The first and second
tubul ar bodi es 160, 165 and the evacuated annul ar space 170, therefore, form
an evacuat ed jacket \/\herel n an outernost waII of the jacket corrprl ses an

o - . ~ 1. 2 a0




0 5'J UN 2003 9 tenperature is regained. A second end of the fi rstnt“-‘u‘blm| 621903
body 160 is threadably connected to and seal ably engaged with a portion of
the third tubular body 180 adjacent a®econd end thereof. The second end of
the third tubul ar body provides a plurality of sanple ports 211 through a
side wall thereaof [hr s enbodi nent there are four such sanple ports 211.
I n use, t\/\dnaé’dﬂ‘ﬂ}“ee SﬁB‘P ederpperatyiednajRigRpneSHMednsSt rj eving a sanple into the tool
5, while the other two sanple ports 211 are used for retrieving the sanple
out of the Hredsiomof thepressppragli¢fanqaneseckifo rreid gxaepiive nrefsere bHdd-ppHithm thee
first two sampleshpobarse. 21duede theopd munawdy phibe soneritire woinkaapdeangsos.t s 211 are
pl ugged by appropriate neans, while when retrieving the sanple out of the
tool 5 the 4 taokaccomdingsanny ef tbroﬁtss tifiddlor difdh asymotsdpreinbtfokempitioggduay Whi | e t he
second two is@rtpd mtpobdrshade by wingingggeé chay bhcauphdrtegegeneith sswkk ootsorenitur e

t hat f orei grthemiols for swmtiplesnamary pressunogauees togging tholsn spnteneorsbaritegby The
second end thfeaddderdskHovats.t ubul ar body 180 is threadably connected to and
seal ably engaged with a dog housing 215. The dog housi ng 215 includes a
tapered recasemBdiméof the ¢eRhlicwillinos{Yel degribed be thagl 0gexadbde 6ty Iwigtd by a
sanpl i ng assRpdtytodBdaciBmBaR g drongpd, wilichald: Figwt it (A)(B) Bgediddiof @rokgtbul ar body
180 and dogeéwiagl sidk Aeas of BRE:ISRARP bdnkiing $6of BRbMInd3E af eRBsdimest o tid Resehtn g

pi ston 235, indentibf fifa Hf fodRiBnHigdi &R (EPa @f@pmogseeétbﬁalbr&&wslo?% well

hydraulic fayd Sjamp_[ tddl 8F |Bs. a%A $ i PRSI okiAbn; F803 AR soRey SBsls- upon
a pi ston rodcdAh sideNBevd (?f{tﬁbnwélpﬂuﬁégnﬂﬁ@\fb ®BFRs i @)%)%Q&n@ﬂ)@mﬁ&n Fid irst

end thereofy , EUGEDEVie AR HP AL ARG BRS Flgpg Q¥ §§a1 the
oo S b AR R S R R
the floati n(g%pr ston 23%&1?1?%%2 ve'nggS d t he errd val ve body 250

al | carry o el Gl ko SULLAGED.BRERR! 7. % S8 @10k R )
seal i ng_englfiey 6},23&1 Eal%revrh lf%l%fﬁﬂggﬂ & E as&mgb Lo e 180
S50 1% o T R i %a&’élgass

er com ﬁ nggggoft eroo of 1 the dog

housi ng 215°ha ere contuni ca%es vmth an outer surface of the dog

h 215 254 h. t 255

ol er “scr ek %W‘rm@g?“ g’?@?ﬁlﬁ S@&et%c T fg%' B Qi e Scdrﬁ%gﬁgaaogg
225 via the® ftt ‘3 Wt %Ié 16‘2 will be
descri bed H ﬁrﬁ]é‘?’tpé’i’o (a%c g}ggessure

relief meangr°s8d Wﬁ}afﬁq‘%ég 9 cugu 2. or
al ternati ve‘rS’/C SRFIEng B ‘?‘) ‘fé ?/81F Wd“‘r‘i‘iy tgﬁ‘%)r r‘%tﬁ‘lﬁ Cif¥m an

end t her eof lagﬁ@ Fdeorprising Rps obly nb’ec"dlé gtﬁ d& HE 153 relieve
pressure of e&al@aﬁﬁw %&rﬁpﬁ # hertqr slsetrenipseb oewecogrpeegdp pithe glgetropic

pr edet er ni AU BEE Edr retrieval of a sanple into the tool 5, a second
end of the do housrnP 215 is threadably connected to and_seal ably engaged
with a firsRefemnednitighifgdigschiy- Eshese isdlesirgted g avellilyidsmphiag taobgeneralie nose
cone 275 i ndgsigaaiad 4, asrardingitq gn embadinent obtde presenggvention; Rhestoplibbasiarfistiend our )
at a secondl®itighiead égrormalliing upnergost pathvherethe toebhis conveyed d@\ﬁeab holeoki ng
215 and car# wel anfeseqepd pad B, mhishtend is normylyihe esrmest pryvbentthe babhist | ow
orifice 290canapuedidewnfherbosahiolsi ng the nipple 270. 05 J UN 2003 10 The

ni ppl e 270 carries one or nore seals 295 such that the nipple 270 nay be
seal abl y en§bgpsdfeirad magimamni fiiterali@@er of the tead t5ri$ appadximbtely 28 sawsite facilhate t he
tool 5 the e¢mssef wamie oDIhE tdod S tlepigheadnizybase ofaastaridand 24 &dt¢s3aD/e (tshekoy up
housi ng 215andsiowm eadabl y connected to and seal ably engaged with a first
end of the transfer head 300. A second end of the transfer head 300

provi des a PhempoLHevmgrisesacanaedtor3f the fésn efaantop eroseever 20 bynnieaxs. of 3idhithbe

housi ng/ subto8D5 panthel cdesected fieivirbléewe, gickiine electeic linoor tholike 13 to Bescomveyedbe
descri bed hésvei sraifptatiorehiote dfaayellalndedtithé tvol 5 flapbe Foupted theetleo withGingithr amis0S S
the punp cosmneith other Joomhsle 3ddTs a31Okdownaih fi@cit, &.676y threadbd erosadwelse.

Al ternatively the housing/sub 80 may be renoved whil e naintaining pressure
of the sanple. As will be appreciated fromthe foregoing, in use, a sanple
chanmber 315 is forned by a second face of the floating piston 235, inner
wall of the third tubular body 180, and an end of the end val ve plug 245.
In this enbodi ment the volunme of the sanple chanber 315 is approximately
300cc. However, it is envisaged that in alternative enbodi nents the chanber
315 volune may be in the r-ange 300cc-600cc and preferably 350cc-500cc.
Regarding material selection, the first and second tubul ar bodi es 160, 165
may each be made from stainless steel. In this enbodi nent the first tubular
body 160 is designed to withstand a pressure of approximately 20,000 PSI
from outvvith Further the thrrd tubuI ar body 180 may be made from st ai nl ess

T . o . A NN 2




+Referring to Fig. 13 the clock board 45 conprises a regulator 320 0y Jyun 2003
powering the clock board 45, an anal o% to- digital converter 325, a nenory
330, a mcroprocessor 335, and a solenoid control circuit 340. The cl ock
board 45 includes a comuni cations Iine RxlI which allows comunication to
and froma conputer before and after sanpli ng sol enoid control lines S1
and S2 and étsﬁrﬁﬁﬁth%@pems-w%éo simepdablyoiggaaciadda ar spalably engaged withyarfrstoos 11
Ref erring t&dmfg batiety heusing| 2§ gylieh hoywing 2§1)zroveft9ﬁpﬂme<trs champhsgholding e basy a
comuni cat i Yhén b@élﬂ@et:thdgam Fista 1@ oM baterpnitiedgtiery 3@ pgivetakllconvert er
35S, a m cr@iﬁﬂfmae(slsdronmmpan@aﬁnﬂthqtgolrﬁr@s@mf@t desopileedat ur e menory 365,
addressing | atches 370, and a flash nenory for data storage 375. The | ogger
board 114 alAsecopdend ofghe batterydroasing 25 isrtlmaidablyresnctéed td Sdasealaly esgagedwithput

i nes T6, T¥firsTéd cfrdlotR bbard nvisheg ASeTiperladkiboalddoasisg 3 Eplovialasadclogt bdddd as
wel | as conthambed(, ohichdhgmbier H) haldsSd ovihbaaid 4teandhsorasidealve d0 tvbich iconput er
after retrienabll@fbytthecibeiboakd 45 om downhol e. Referring nowto Fig. 1 S
there is shown circuitry of the heater el ectronics board 115 which

conpri ses aAkewheendethd Sbckoafdtousidg 89ishRéhdA8lyaanfeted Y and sbdlablGldigagdd 15,

CH S, T 16, wighi fit® P& BlendiB@ippeAsers 205, an input VBATT fromthe battery
30 and inputs @B, b, and Q7 fromthe latches 370 of the |ogger board 114.
The heater glechl 9Rd SO idkiph 8558 rREAMbGSn Hto Er{drs%&ih ly @ged)ml Si S ng
puts TL g aRtheLdu hEQRLL0E TR &%ﬂ Al

CH 1, and Qt&ntbgrémlmtaaht of b attvdg a ard
114. In usey ks ah GorfuPFort AP e DA éer@ s et gnﬁ, fek on
the clock bg)?.gv El@ te Wit L4 oq‘\d th

pr edet er m ngodm l,oa

g. by wirel jng, ide al %algi}[ §8n as % 9""“]515 | In
this first posietlgon pressurrsed hydraulrc qurd e. g mneral 0|I |s
cont ai ned WI t h| n th ressurrdzt hoI ds the
floating pi&ty %8% ‘ngbl Onlnfjcde 3(51"3 1I;hhe end
val ve plug 1 Fhempeblecy

e iP é“pg e Ieft

réc prgl\%p {; fﬁ‘g
appropri ate teﬂtﬁflae ‘%\%ﬂﬁg % 1ngn1te8e p%%%bqpugg fitﬁ‘ %‘)“@orts
F]|“ P

gpened. Hovd ‘F‘B’r‘?,féh pipe 0 yiieh e

11 as the ston
235 exceedso‘ttﬂ‘etpf’ r8 é“ao‘T BﬁrpEFS%LE%R’i“H ’Frog ‘?‘fgeﬁ’gﬁ?rog Idl des) ¢
shoul d be ndgE¥Y Rrﬁséulﬁé the 5 ’(5 & I '%Xe rteéatﬁélﬁt t@ﬂﬁ‘}/"dﬁi%l ic
fluid wthi W“teheref&rrrwt etftsﬁﬂoarpu %ahussé HldtPé%FP‘i'fﬁa %g POBAO &, f ace,
while the t bdPOGEPSIstiwidpeessuse of dhgfstputipinostfs| veouldbgil.B0 eﬁhetrtekt dofurther o

| oner ed to BrOVidgia Prsssupsoshyateshvalveflaviegulaiey 19lhe third tubul ar body 180 may
be pre-heated to close to an expected sanple tenperature, thereby seeking
to avoi d coBlthisgvayitheprewnssiof fljideaross theﬁtser@etﬂ)ﬁengmé‘lr%ﬁa%eprt:% 5 After

t he predet efividsdly theppultiplier 81, 5chile sleet flaparagasofifined Boviag om the figsbindgy portAP Lo
causes a f| twiisstontistpon§éis watrolednThineontighisigperiant i cpatrelling g titng ehanber
65 t hereby sanmdewaqyisitiones will ksr¢inafigr becowd apparentilhis, fontXaauple; irapastant @8 to Thi s
causes hydr sampletoplquickly thereby, cansingphabe sgparatiano exit the hydraul i ¢ chanber
195 and bl eed into the buffer chanber 65 via first pipe piece 130, choke 86
and tubi ng phebaising/sullBislse hesgsraguessue aod teriperahyel fransiingsr 81 whighinssagwyent ual |y
caused t o f ticlanbénbdowihelegnizsen andicmpboivee Pafers saiyaad afier thiime pbdsantpling end

pi st on 235 kangs sashtidformmiieon tooamkmegks bbird 1p4 st alwrmtivgy 2Sldack doad s adahedtérng
sanpl e i nt oeletteonsavphrd 1dhanber 315. 05 J UN 2003 12 As sanple enters

t he sanpl e chanber 315 the piston 235 noves towards and ultimately strikes
t he piston Thegecddbendldf tHehongiigchbt80ds theeatiably tompaedio anl ecaldbiypdrgagadOritisa

att ached t ofisspemhel adfeatehiBoaeditbuyial 165, (The Geadekboarlitossihdh B055rbeidés ananirefilied of

the first (tiubeedtd which behtficthy Rigy@ bphidd 1244d 4 heafpreRteonidstmard 6. ef f ecti ve
area of the second (botton) end of the end valve plug 244. That is to say
the effecti wesebstd enfl biHhe hBdt@BDIR0BARN BBlis tGadhbIY SénRAEd tosanld@8fatilinan t hat

seen at theess nganaltﬁadrstlma RnidcEE PIES 130TIPAL ARE EndeofitiRd confiddustipide I e
sanpling assenbly 230 to nove towards the first end of the third tubul ar

body 180. Such novenent causes the sanple chanber 315 to be sealed fromthe
ports 211. Continued novenent causes the dogs 225 to engage in recess 220.
In this way a well fluid sanple is retrieved into the sanpl e chanber 315.
The tool 5 is then in the position showmn in Figs. 2 (A - (E). The tool 5
may then be retrieved to the surface, and the sanple retrieved out of the
tool 5 as hereinafter described. However, before the sanple is retrieved
out of the tool the tenperature and pressure of the sanple within the fixed
vol une sanpl e chanber 315 is nonitored by tenperature transducers 210,
conpared to the original vaIues detected by transducer 310 stored on t he

oy o, Y o o Y



. The evacuated jacket formng an outer wall of the tool 5 assists inUSJUN 2003

mai ntaining the sanple in its original state by seeking to reduce heat |oss
therefrom Referring finally to Figs. 8 (A - (E) once the tool 5 is
retrieved the sanple may be retrieved fromthe tool 5 by the follow ng
procedure, either on-shore e ..In_a laboratory, or aIternatlver of f
shore, if fRIGYiH$Y3 "é@t‘ﬂ’éﬁwm1ﬁgW§19h%ﬂ00ﬂlPFéteﬁé%@e@é%@1P2V@4%09ébq aced by a
transfer hebusmgpudb Eviaadirst pipemiece 3Gt two sanpl e ports 211 are pl ugged,
and the second two sanple ports 211 unplugged and connected to a transfer
vessel vi a Amseandond ofithe canmectoripiete y20 istpeowaded okithorofanstinkebpars 140nwlelr ogat ed to
deduce t he ewumuiptesdvithethp Erstoutieepant2Spr essure val ues. Fourthly, a punp
(not shown) is connected across the punp connection ports 305,310 and the
pressur e t haseand esdoftheladnns@cr pidck 20 eigidle sameaedfo atfiret cadioPh first Fbhilahl y, a
t ool (not shuwmp0ITEy flvet telpiddribedly 160 coniptisgsae otieematogall 8Pthe tobhs. Berfirste 315 i s
then free twabaavisodylb0isintefally medat dNa¥dr adeqond saditherebfPih aAeend sbplaovi ded
bet ween t hebqaymes seuhnRa ttheOfitsi becoB®mbakPbddraredY 65 av Sitdgntidly, @acgle and

t he sanpl i nghdamsanihyspdst0l 706s RBMEA] Bcdven dite td®osies 06Ud1 dS\WhSamBlaEspace [7® 211.

Sanpl es canistahRAst aiiIEashRed\b td) to 108 RuR AT hidurd BetwkdnN@LT ¥SI dnbgoan-psf f
valve is op i34y savial1e-gpansferred into the transfer vessel by

mani pul ati on of thé pressure inbal ance while carefully naintaining the

vol une of t4g SRR §add 18] sdalddBor &Mh@h%?erﬁﬁﬁ"%ﬁé’ﬂrshﬁbﬂ@ﬂ%ﬁ?ﬁéb&h
tenper at ur e, 46 P(fle&‘%‘dﬁﬁec%fr fe@éalz?)a h ﬁ 91%09'1?9&1 é%elﬁ@d(t%rlhef f’u‘g{‘ﬂuﬁlhﬁr vel I
L oui1t b akpngs alber) Lhal & ﬁ‘a%"ﬂ (ot {13 it Brbvidka Botwoal it ARELRY
scope of  pe n(t//tgﬁltﬂl gbr?%lar&&x R N 2003 13 CLAIMG 1. A wel |

L, S 4Asghegh sga%d%ulat%?axssa@sb (65 pHEf ofhSAERL Q%ﬂﬁ ? 1@l gaist

partly cont eV \(&glated?ac %t wherema €IMos wal}/ofeti{% _]aF 3 nOute \M thi

an annul ar s?ﬁ Annar ar space S a i ned
within the a Peast partlally evacuated Jacket an outernDst mell of the

j acket bein to.or for terrma Lé)
wel | fluid 8 el §°‘&‘{) ygé }%@‘ i nber
i s subst ant rétcf u ;@ d
i &
cﬁgg ngd d“f‘ é?P

sanpl i ng to
j acket corrp i rl goray Pfec ’?1 %r Eﬁ)‘mt ybody
conpri si ng f i £ fmipgid) glacket and the second tubul ar body
bei ng provi ded Wi t hin the first tubular body, an evacuated chanber bejng
provi ded befWE¥hS Yoen R Hesai €2) and lutg) g furtherrapyyler spaserA0p agprovided %féwmnéh%red
in clai m 3, sstAet @dfhirg wibalppbadinsd §5.¢ $h oRlprality of heaters 203 ar Prayidgd iy e nal

annul ar spapRulEspaee 30Q. Refoseng tediiessll (4) and|(B) thetsiisilisirated ingnareditaibiec| ai med
in clai m 4, hegias 29 hprevidedynogan puter surfaprolfhnihird tubgilss bedy B0pet ween

approximately 10 -' PSI and 10 -" PSI.
As can be seen, in this embodiment elght heaters are provided along the length of the third

tubular body 180. The heaters 205 provided at each end of the third tubular body 180 are
more powerful-i. . capable of dissipating a larger amount of heat-than the other heaters. This
is because heat loss can be expected to be greater from the ends of the third tubular body 180,
in use.

arl

As can further be seen from Figs. 1 (D) and (E) and from Fig. 11 (A) a plurality of
temperature transducers 210 are provided on the outer surface of the third tubular body 180.

In use, the temperature transducers 210 detect the temperature of a sample contained within
the third tubular body 180 via the wall of the third tubular body 180. The measured
temperature is compared to the originally sampled temperature e. g. stored by the heater
electronics board 105, and if the measured temperature is below the originally sampled
temperature the board 105 switches on the heaters 205 until the originally sampled



0 5'J UN 2003 14 6. A well fluid sanpling tool as clained in claith5bJUN 2003
wherein the pressure in the annul ar SBace is around 10 -8 PSI. 7. A well
fluid sanpling tool as claimed in any”of clains 3 to 6, wherein the first
and second bodies are forned in one piece, being joined at at |east one
end. 8. A well fluid sa ing tool as claimed many of clains 3 to 8,
wher ei n t he®BRHFHPE RIFEHBET i s provided with a third tubul ar body which is
at | east partlégfrOV|ded within the second tubul ar body, said annular space

bei ng defi rfe et thefisttphylay badyy1 &0ds Bepd ﬂ‘e}bavra\ects@)ma@é seadablyengagqd 1| yj d
sanpl i ng t dofh arorbenefiheithird bilar BedyciSfiadigeant apapondprut therpofs Bagpeeo efature
mai nt enancehtrhid subslas bpdyavprides.a plgalits ofiednipl§ pers? 14 ahfp\pg idegnll thereed. B ned m
clai m 9, wibia cobpdimgeitnerg pryrfowr|sa¢hnsesiplotests @1 h In hee, Femgampletnontp &t hargpeed

mai nt enancefomammara@arppbvmtdm tba tS<wbidathe hélestwcﬂamp&rmrts Rl Irafe nseddorar

bodi es. 11.rethievieg thefshmpld osbefishd togl & dbiis whenoktaiening thersamplaiimtp 1@, toalt¥ghei n t he

t enper at ur dirptetivn tsempla pertnld rse opea landithe seqohd tved samplaforta @t ereplppgatisnd

| ongi t udi naipbyophat weens, tvhde wbanmdicaing thichsamgletaubolf tae toobflthe Sirst twd®sdmple U N
2003 ~.5 ports 211 are appropriately plugged, while the second two sample ports are unplugged.

This arrangement seeks to ensure that foreign matter such as dirt is not entrained into the
sample.

The second end of the third tubular body 180 is threadably connected to and sealably
engaged with a dog housing 215. The dog housing 215 includes a tapered recess 220 for
reception of spring-loaded dogs 225 carried by a sampling assembly 230 moveable
longitudinally within the third tubular body 180 and dog housing 215.

The sampling assembly 230 comprises a floating piston 235, a first surface of which is
exposed to the pressurised hydraulic fluid. The piston 235 is mounted for longitudinal
movement upon a piston rod 240. The piston rod 240 provides a piston stop 245 at a first end
thereof. Further the sampling assembly provides at a second end of the piston rod 240 an end
valve plug 244 which carries an end valve body 250. The end valve body 250 carries the
spring-loaded dogs 225. It is noted that the floating piston 235, the end valve plug 245 and
the end valve body 250 all carry on their outer surfaces one or more seals so as to provide
sealing engagement with an internal surface of the third tubular body 180 and/or an internal
surface of the dog housing 215 as the sampling assembly 230 is held within and moves
within the third tubular body 180 and the dog housing 215.

The recess 220 communicates with an outer surface of the dog housing 215 via through-
apertures 254 each containing a grub screw 255 and filter screen 260. In use, a tool (not
shown) can be applied to the dogs 225 via the apertures 254 to effect collapse of the dogs
225, as will be described hereinafter.

The valve end body 250 further provides a pressure relief means 265 (which may preferably
be in the form of a burst disc or alternatively a pressure relief valve) and nipple 270
protruding from an end thereof. The pressure relief means 265 may be designed so as to
relieve pressure of a sample within the tool 5 if the pressure exceeds a predetermined value.

For retrieval of a sample into the tool 5, a second end of the dog housing 215 is threadably
connected to and sealably engaged with a first end of a nose cone 275 or cross-over to
another tool. The nose cone 275 includes a plurality of inlet ports 280 (in this embodiment
four) at a second end thereof.

Protruding from the second end of the dog housing 215 and carried thereby is a front inlet
plug 285 having a through flow orifice 290 capable of receiving the nipple 270.



.12. "Awell fluid sanpling tool as clainmed in claim11, wherein the h%gt‘{aq&sz’
are sized to seek to conpensate for heat [oss at their respective

| ocations. 5 13. A well fluid sarrpllnlgptool as claimed in clainms 11 or 12,
wherein first and second heaters are provided at first and second ends of
the third tubular body which are nore powerful than each of the heaters of
t he pl ur al i nippleddficasries opgorpuore gealsd9p spqhthat thenipplp Ag0 mapbe sealablyai med i n
claim13, &h&aged in thperifeed®d heater is nore powerful than the first heater.
15 15. A well fluid sanpling tool as claimed in any of clains 9 to 14,

wher ei n t hd'ot stpayabafiarsempizi frome tha taod S theanose dane 2A% is reaged ibs @sraasfer lead30ne

t enper at ur &hs dng bousingr21ded thohdabdy ¢dnecdteinp enditealablyafgided withui fisteadpf the 20
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Regarding material selection, the first and second tubular bodies 160,165 may each be made
from stainless steel. In this embodiment the first tubular body 160 is designed to withstand a
pressure of approximately 20,000 PSI from outwith. Further the third tubular body 180 may
be made from stainless incanel, and designed to withstand a pressure of approximately
15,000 to 20,000 PSI from within.

Referring now to Fig. 12 there is shown a schematic diagram of electronic circuitry
associated with the tool 5.

The electronic circuitry comprises the battery 30 which powers the clock board 45, logger
board 114 and heater electronics board 115. As can be seen from Fig. 12 the clock board 45
is connected to and controls solenoid valve 50. Further the clock board 45 is connected to the
logger board 114 such that at a predetermined (programmable) time a clock on the clock
board 45 activates the solenoid valve 50, causing the pressure and temperature transducer 81
to instantaneously measure the downhole pressure and temperature and log these
measurements to the clock board 45. The clock board 45 is further connected to the heater
electronics board 115 such that the measured value of temperature and pressure at time of
sampling stored in a memory on the clock board 45 can be compared to the measured values
of temperature measured by the temperature transducers 210 while the tool 5 is retrieved to
surface, and indeed thereafter until the sample is removed from the tool 5, in order that the
heater electronics board 115 can thereby seek to maintain the original sampled conditions
within the sample chamber 315 by means of the heaters 205.

Referring to Fig. 13 the clock board 45 comprises a regulator 320 for powering the clock
board 45, an analog-to- digital converter 325, a memory 330, a microprocessor 335, and a
solenoid control circuit 340. The clock board 45 includes a communications line Rxl which
allows communication to and from a computer before and after sampling, solenoid control
lines S1 and S2 and communications line SWC to logger board 114.
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pi ston at that one end of the piston tod. 23. A well fluid sanpling tool as
claimed in claim?22, 25 wherein the piston rod further carries a plug at
another end. 0 5 J UN 2003 24. A well fluid sanpling tool as clained in
clai m 23, Viedranmtodiigd 4othe {dpgerchonrsl 1d 4 chmptisss a sgeulaga 3 haccopynuniratignisst on st op
and the pl ueceivs/deende sirgwit 350f prysrglogetordigitalconwarter 385, elnaictoptdeessoraddy). pr ecedi ng
cl ai m whersemplingpessae/tehpergnenaiedty 363, hddsessinglatehes 87¢ anph Sashmheorpfort s.

26. A wel | datastatageadTpl Thedoggsoboaad 1 1 dsopravides terhparam@5nput Unestiéeh; €6 and he t ool

i s al so pr qressiad input lines 16, BT, Ti§parel Eafingyh éheaethpezdtugeipréssyre whnsdhcen 81 ,lagtveport s
are di sti nak chmommicdtidpni ontpat HipoT 12swhi2ymayybs\@nhedtddaod compitet af@r tehddvalae

cl ai med i n thepops femdowghdls cl aim wherein the tool is provided with neans
fox renoving a sanple fromthe sanple chanber. 28. A well fluid sanpling
tool as cl Ref@fing Aove tAFiB) BlherdShBIA cHifrPITRE Beakd? BRYBnid¥BARS 1i1Ghite fir st
and second 3thpR&YstashedtBF CotrOTIILR B SPRR i dnldufput $14, @i, $€5@Mb, Qug &MHERdS Of
the sanpl e GHPGMES heatePs 205, Weinbut! VIBA BT FEAThS BildteloR) axﬁ%n@k@c%m, hih @y ai m 27,
wher ei n t hepdnp@e 14tshefdAPLEHe RIged tbAl141 N use, "a punp s 5 connect abl e
across the first and second ports so as to apply a differential pressure
across the fyefghe Al t3aLO0k:E 'f'fgsalﬁy[ prgé;lﬁessi Lo R3REM rii {fnﬁpﬁ( T‘f,f ’ffCt' ng

MOVENEeNt  Ofyyq T3 froni the tém 'eiitﬁre%dﬁ&éiﬁ %ga& §€ﬁ1§ FHIMAERD 1 he- - -1 QO
the logger boar '

towar ds- - Qa'ﬁglog-rté-dfgitmo vérter 3
In use, prior to the tool 5 being lowered down a borehole the clock on the clock board 45 is
set to activate the solenoid valve 50 after a predetermined time.

The tool § is then lowered down within a borehole, e. g. by wireline, in a first position as
illustrated in Figs.

1 (A)- (E). In this first position pressurised hydraulic fluid, e. g. mineral oil, is contained
within the hydraulic chamber 195. The pressurised fluid holds the floating piston 235 at the
second end of the piston rod 240 against the end valve plug 245. In this position a first two of
the sample ports 211 are appropriately plugged, while a second two of the sample ports 211
are left opened. However, well fluid cannot enter into the tool 5 via those ports 211 as the
force of the pressurised hydraulic fluid acting on the piston 235 exceeds the force of the well
fluid seeking to enter the tool 5.

It should be noted that the heaters 205 may be used to heat the hydraulic fluid within the third
tubular body 80.

Such heating may occur on surface, while the tool 5 is lowered down the borehole, and/or
when the tool 5 is lowered to a required position. In this way the third tubular body 180 may
be pre-heated to close to an expected sample temperature, thereby seeking to avoid cooling
of a sample when it enters the sample chamber 315.

After the predetermined time the clock activates the solenoid valve 50. This causes a flow
path to open between the tubing piece 75 and buffer chamber 65 thereby allowing mineral oil
to bleed into the buffer chamber 65. This causes hydraulic fluid, i. e. mineral oil, to exit the
hydraulic chamber 195 and bleed into the buffer chamber 65 via first pipe piece 130, choke
86 and tubing piece 75.

Thus the pressure of the hydraulic fluid is eventually caused to fall below the ambient
downhole pressure. At this point the piston 235 begins to move towards the piston stop 245
thereby admitting sample into the sample chamber 315.
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the position shown in Figs. 2 (A)- (E).

The tool 5 may then be retrieved to the surface, and the sample retrieved out of the tool 5 as
hereinafter described.

However, before the sample is retrieved out of the tool the temperature and pressure of the
sample within the fixed volume sample chamber 315 is monitored by temperature
transducers 210, compared to the original values detected by transducer 310 stored on the
clock board 45, and if the temperature of the sample falls below the originally sampled
values the logger board 114 circuitry causes the heater controller circuit 380 to controllably
turn on the heaters 205 until the original values are regained. In this way the tool 5 seeks to
maintain the sample in its original state.

The evacuated jacket forming an outer wall of the tool 5 assists in maintaining the sample in
its original state by seeking to reduce heat loss therefrom.

Referring finally to Figs. 3 (A)- (E) once the tool 5 is retrieved the sample may be retrieved
from the tool 5 by the following procedure, either on-shore e. g. in a laboratory, or
alternatively off-shore, if facilities permit. Firstly, the nose cone 275 is replaced by a transfer
head 300. Secondly, the first two sample ports 211 are plugged, and the second two sample
ports 211 unplugged and connected to a transfer vessel via an on-off valve. Thirdly, the clock
board 45 is interrogated to deduce the as-sampled temperature and pressure values. Fourthly,
a pump (not shown) is connected across the pump connection ports 305,310 and the pressure
thereacross equalised with the pressure of the sample.

Fifthly, a tool (not shown) may be applied to collapse the dogs 225. The sample 315 is then
free to move within the tool 5.

Next a pressure imbalance is provided between the pump connection ports 305,310 thereby
causing the sample and the sampling assembly 230 to move towards the second two sample
ports 211. Samples can then communicate with these ports 211. Finally, the on-off valve is
opened and sample transferred into the transfer vessel by manipulation of the pressure
imbalance while carefully maintaining the volume of the sample at all times, and also

seeking to maintain the temperature and pressure of the sample as originally taken from the
well.

It will be appreciated that the embodiment of the invention hereinbefore described is given
by way of example only, and is not meant to limit the scope of the invention in any way.
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clains 3 to 36, wherein a centraliser is provided between the first and '
second bodies. 38. A well fluid sanpling tool as clainmed in claim 37,

wherein the centraliser is made at |east partly fromtitanium 39. A well
fluid sanpling tool as clained in any Qf clains 3 to 38, wherein the tool
further conprises pressure relief nmeans comruni cati ng between the sanple
chanber and external the tool such that, in use, if pressure in the chanber
exceeds a predetermned |l evel the pressure is relieved via the pressure
relief meangLags: A well fluid sampling tool as clained in claim 39,

wherein the pressure relief nmeans conprise a pressure relief valve or a
breakabl e disc. 41. A well fluid sanpling nethod conprising the steps of:
providing a well fluid sanpling tool having a sanple chanber at | east
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is lowered the pressure external the tool is also continually nonitored.
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second tubular bodies.

9. A well fluid sampling tool as claimed in any preceding claim, wherem sample

temperature maintenance means are provided.

10. A well fluid sampling tool as claimed 1n claim 9, when dependent upon claim 8,
wherein the sample temperature maintenance means are provided between the second

and third tubular bodies.

11. A well fluid sampling tool as claimed in claim 10, wherein the temperature
maintenance means include a plurality of heaters spaced longitudinally between the

second and third tubular bodies.
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and second ends of the third tubular body which are more

powerful than each of the heaters of the plurality of
heaters.

10
14. A well fluid sampling tool as claimed in claim 13,
wherein the second heater is more powerful than the first

heater.

15 15. A well fluid sampling tool as claimed in any of claims
9 to 14, wherein the temperature maintenance means further

comprises at least one temperature sensor for detecting the

temperature of the fluid sample.

20 16. A well fluid sampling tool as claimed in claim 15,
when dependent upon claim 8, wherein the at least one
temperature sensor measures the temperature of an outer

wall of the third tubular body.

25 17. A well fluid sampling tool as claimed in any preceding
claim, wherein the tool further comprises means for

controlling admission of a sample into the sample chamber.
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18. A well fluid sampling tool as claimed in claim 17,
wherein the admission control means comprises a floating

piston controllably moveable 1longitudinally within the

sample chamber.

19. A well fluid sampling tool as claimed in claim 18,
wherein the admission control means furthers comprise means

for controllably moving the floating piston.

10 20. A well fluid sampling tool as claimed in claim 19,
wherein the controllable movement means comprises a further

fluid and means for controllably reducing pressure of the

further fluid.

15 21. A well fluid sampling tool as claimed in any of claims
18 to 20, wherein the piston is mounted on and moveable

along a piston rod.

22. A well fluid sampling tool as claimed in claim 21,
20 wherein the piston rod has a piston stop at one end adapted
to limit travel of the piston at that one end of the piston

rod.

23. A well fluid sampling tool as claimed in claim 22,

25 wherein the piston rod further carries a plug at another

end.
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piston stop and the plug.

5 25. A well fluid sampling tool as claimed in any preceding
claim, wherein the tool is provided with one or more sample

inlet ports.

26. A well fluid sampling tool as claimed in claim 25,
10 wherein the tool is also provided with one or more sample
outlet ports, which outlet ports are distinct from the

inlet ports.

27. A well fluid sampling tool as claimed in any preceding
15 claim, wherein the tool is provided with means for removing

a sample from the sample chamber.

28. A well fluid sampling tool as claimed in claim 27,
wherein the sample removal means include first and second
20 ports which communicate with first and second outer ends of

the gample chanmber.

29. A well fluid sampling tool as claimed in claim 27,
wherein the tool is adapted such that, in use, a pump is
25 connectable across the first and second ports so as to
apply a differential pressure across the first and second
ends of the sample chamber, thereby effecting movement of
— =« ~——-—--the - sample chamber within--the-—teol towards--one oxr -more --

gsample outlet ports.
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30. A well fluid sampling tool as claimed 1 claim 29, wherem, in use, a sample transfer
vessel is connectable to the one or more sample outlet ports via one or more valves
so as to allow controllable transfer of the sample from the sample chamber to the

transfer vessel.

31. A well fluid sampling tool as claimed m claim 30, wherein the transfer vessel

includes a further floating piston provtded within a transfer chamber.

32. A well fluid sampling tool as claimed in claim 31, wherein the transfer chamber is of

substantially the same volume as the sample chamber.

33. A well fluid sampling tool as claimed in claim 7, wherein the first and second bodies

are integrally connected to one another at least at or near first adjacent ends of each

body.

34. A well fluid sampling tool as claimed in claim 33, wherein such integral connection

is formed by welding.

35. A well fluid sampling tool as claimed in claim 34, wherein the integral connection is

formed by e-beam welding.

36. A well fluid sampling tool as claimed in any of the claims 3 to 35, wherein the first
and second bodies are connected to one another at or near second adjacent ends of

each body.
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centraliser is provided between the first and second bodies.

38. A well fluid sampling tool as claimed in claim 37, wherein the centraliser is made at

least partly from titanium.

39. A well fluid sampling tool as claimed in any of claims 3 to 38, wherein the tool
further comprises pressure relief means communicating between the sample chamber
and external the tool such that, in use, if pressure in the chamber exceeds a

predetermined level the pressure is relieved via the pressure relief means.

40. A well fluid sampling tool as claimed in claim 39, wherein the pressure relief means

comprise a pressure relief valve or a breakable disc.

41. A well flud sampling method comprising the steps of;
providing a well flud sampling tool having a sample chamber at least partly
contamed within an evacuated jacket, and within an annular space, wherem the
annular space is at least partly contained within the at least partially evacuated jacket,
an outermost wall of the jacket being an outermost wall of the tool;
lowering the tool down a wellbore to a location where well fluid is to be sampled;
admitting a sample into the sample chamber by means of controllable admission
means;
sealing the sample chamber;
retrieving the sample to surface while substantially maintaining the temperature of the

sample;
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removing the sample from the sample chamber into a chamber of a sample transfer
vessel,

42. A method as claimed in claim 41, wherein the sample chamber has a predetermmed
volume.

43. A method as claimed m either of claims 41 or 42, wherein on admitting the sample
into the sample chamber temperature and pressure outside the tool are measured and
stored by suitable measurement means and storage means.

44. A method of operating a well fluid sampling tool according to claim 1, the tool
further comprising heater means in thermal communication with the sample chamber
and means for controlling the heater means including means for measuring
temperature external of the tool, the method comprising:

storing a preset temperature on the control means;

lowering the tool down a borehole;

continually monitoring the temperature external the tool at predetermined
mtervals;

comparing the measured external temperatures to the preset temperature and
if the measured external temperature is greater than the preset temperature
then causing the heater means to heat at least part of the sample chamber to
the measured external temperature.

45, A method as claimed n claim 44, wherein as the tool is lowered if the external
temperature 1s greater than the preset temperature then the external temperature as
the preset temperature.

46. A method as claimed in either of claims 44 or 45, wherein as the tool is lowered the

pressure external the tool is also continually monitored.
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47. A method as claimed in any of claim 46, wheremn the highest external pressure
monttored 1s stored on the control means.
48. A method as claimed in any of claims 44 to 47, wherein the tool includes an

electronic clock circuit and a memory logger circuit.



