1 METHOD AND SYSTEM OF DETERMINING CONSTITUENT COMPONENTS OF A FLUID
SAMPLE BACKGROUND 100011 Hydrocarbon drilling and production operations demand a great
guantity of infou lation relating to parameters and gonditions downhole. Such information may
comprise characteristics of the earth formations traversed by the borehole, as well as characteristics of
the various fMigSIhIA D 8318 EhaH OBTERIBEN OyOesalah N ISysRRAS fIE NERSUring

conditions downhole, including the mov§€§r¥mt§cﬁﬁg{a‘ the drilling assembly contemporaneously
with the drilling of the well, have come t urement-while-drilling” techniques, or
"MWD". Similar techniques, concentrating more on the measurement of fonnation parameters, have
come to be known as "logging while driIIin%@m@Sr "LWD". While distinctions between MWD
and LWD may exist, the teinis MWD and L are used interchangeably. For purpose of this

disclosur¢gobe]teriyiyéirbwill laeillisgdanithptbeusnidersipading shasthisdternpeacempagsgestboth the

collection.o fonnationgfarameters and the collection.af info'mat'o?rlsrelrgtirl% toﬁhe ngovement and
position ﬂmﬁﬁlﬁgr ér%lgﬁ]t)tﬁl.lfﬂrgﬁ%?rgitﬁ% ion& e l'fjsar ?ﬂ&llé $and ConditiBRE Eowiidle may be
detected ynvprelinehalevieastitlacddiin thethokeholgcalieninerdidll istritg heschekrn rmaikbdsor -tripped".

100021 Many difficulties.exist in. performing. MWD, suc limjted space in, whigh rform testing
and the cOOHE BYpEHEH L SR LB e R IRETENTES LT Heeb GeRGELbon welle
may reachereaxcéatdhbutigreesdianedheithdtedtrdniirdetieasddesigneshdridcadostodated for
temperature.ranges expected for surface.applications.ina f}ﬁ e seyerely reduced performance at
oxpocted TN, SatSPa AR T oy L ST e SRS SR hr e

temperatusesn ddsertamnperdiileedeifieigbitithprplate mr ISNISTICU Biryi proadnnged, fosrdenteasmpgsed to
detect electromagt%%tlc radlatlonﬁtsg%c%as may be us%d in.downhole §£F%ﬁ§/§&¥t§ [%)03 Thus, any

advance WRIECBvercOREs ditticlifies r%?é‘t?ﬁ)g t%a%af)ré?aeﬁ%nh% U&VitEsa emperature would
provide awhitephiifive athéhniqge.imtie WiblsWhila distinctions between MWD and LWD may

exist, the terms MWD and LWD often are used interchangeably. For purpose of this
disclosure, the term MWD will be used with the understanding that this term encompasses
both the collection of formation parameters and the collection of information relating to the
movement and position of the drilling assembly. In other sitvations, the parameters and
conditions downhole may be detected by wireline devices placed in the borehole after the
drill string has been removed or “iripped”.

[0002] Many difficulties exist in performing MWD, such as limited space in which to
perform testing and the conditions expertenced downhole. For example, the temperature in
deep hydrocarbon wells may reach or exceed 450 degrees Fahrenheit. Electronic devices
designed and constructed for temperature ranges expected for surface applications may
have severely reduced performance at expected downhole temperature, and in many cases
are inoperable at expected downhole temperatures. The temperature operability problem is
particularly pronounced for devices used to detect electromagnetic radiation, such as may
be used in downhole spectroscopy.

[0003] Thus, any advance which overcomes difficulties relating to operation of devices

at elevated temperature would provide a competitive advantage in the industry.



SUMMARY [0003a]According to a first aspect, there is provided a method comprising creating
electromagnetic energy with wavelengths in the infrared region; directing the electromagnetic energy
into a fluid sample; modulating the electromagneTg energy at a modulation frequency; directing the
electromagnetic energy that passes through the fitid sample to a first resonant chamber, the first
resonant chamber has an acoustic resonant frequency substantially equal to the modulation
frequency; absorbing at least a portion of thesﬁllsf@\tm%@gnetic energy by a detector fluid within the first
resonant chamber; detecting acoustic energy within the first resonant chamber; and determining a first
constitue@idnpontatwiithe fluid Saanpledeasedrontheaddudtic srdrgy waithgnithe: festat@gpnant
chamber. iO 03b1 Acf‘.cordin to the_ﬁecondlas ct, ther(i: IS pr vid%d system f8r d%teimiﬁling the
presencee A COnEt l}gnteélgg%on“élﬁ inwéa‘é%l%lgfe%lu}a, t 155)}3 & com %Illhg: 45o0fce agsembly, the
source assestblyqaretuces:alediomagdneticsandegynwithl miagetha glestionthenaitaredrsgion; a sample
cell that holdds gsa le quid,_tI&e sam lt% ceil h(as a firg%.\clvigdow tP]a isasubs%ntiagytﬁra%s?grent to the
electromé&%elhé lé)ﬁieré:ﬁfl g%ﬁ’thérggnﬁlé}e &M BRSRICe as b y%r a%sféé SUCR that the
electromagneiic enerfiysprepagateshitoheihésdirscecassamislyathberdghsthe firstticdevsnardetector
assembly, distinct fram th mple cell,.the detector assembly in, operational relationship tq the
electrom er%&?gcgn%l?%@%%a?%a% ueaslcﬁ%r%lﬁg X %aélé)r%pg ugﬁ,c é 2 5%3%&%;}%%@% ﬁoc%(r)rl?p??sing: a first
resonant tthashbentiraindefinesay nterdekvaiuthad tvithitehrafivd rosradm slambeguticatdgonant
frequency and at least a portion ftFe first resgnant chamber, is substantially transparent to the
cloctrom AR Sy TR 30 g TRl S e e cup ety
electromagngiimatisof pienfkpeé ctampl ¢hixisedevlapbeancabsieptiongspedthinntiod thestcoastitirent

compone%; a gra sensor coupled to the first resonant chamber, the sensor sensitive to acoustic
energy inthe first resonant chamber; wherein the system determines the presence of the constituent

componefiin3isie flhictsaimyaeddsesoamacopstic 8rergy rdhelédstyesonfnt Ghemiang Ithd 0003cl

Accordinr%)to thgetkcl)itrd asaec there is glrlov'ded a metpo cgnl%issinsq: drawing.a fluid S%ﬁ?@ée from an

earth forMAton into & 190 Sttﬁate Teside8Within aboterole that pene rates fhe ésrltlﬁgfo?n%atlon; and then

propagatingasbbtiradhragmetic essengy ynpoothediuitesainmpiendie eting theidlestrariagtistio énergy that
exits fluid,sample Intg.2 {1t teponanchambet, the fish epanant,hambihas anpcouslc resonant
frequency within tRe firsfresohant chamber: aﬁsglrlﬁ)?ng at feast a partion ofht e electromagnetic energy
by a detettar fuithwithinethe tizstpesonhdnttbhalebzonthgnabs onptigy, credtds acoysticcelhengl in the first

resonant chamber; ar%zfl detectin@ amhpllith{qﬁ of.acoustic energy. within the firstﬁresorﬁant chamber, the
. SOlfl(F('-: assem P{ arran;?re such tha ¥ etlec omae%le 16 GI‘F%E?TOS}%agatGS o the SOUrce .
amplitude of the acoustic energy proportional to concentration ofa first constituent component in the

fluid samplecBRIERDES AR ARIONIOFT K EcRROVESNGS1Y0dedh Edrandtimied e setiption of

exemplary empodiments, " slersRsal NS MRS e aseampARYIn g drawings inwdich:
through the sample cell, the detector assembly comprising: a first resonant chamber that
defines an internal volume, the internal volume has an acoustic resonant frequency and at
least a portion of the first resonant chamber is substantially transparent to the
electromagnetic energy; a detector fluid within the internal volume, the detector fluid has
an electromagnetic absorption spectrum that overlaps an absorption spectrum of the
constituent component; and a sensor coupled to the first resonant chamber, the sensor
sensitive to acoustic energy in the first resonant chamber; wherein the system determines

the presence of the constituent component in the fluid sample based on acoustic energy in

the first resonant chamber.



100051 Figure |A shows a drilling system in accordance with at least some embodiments; 100061
Figure 1B shows a wireline system in accordance with at least some embodiments; WO
2012/005725PCTIUS2010/041273 2 [0007] Figure 2 shows a fluid identification tool in accordance
with at least some embodiments; [0008] Figure 3'shows a fluid schematic of a fluid identification tool in
accordance with at least some embodiments; [0009] Figure 4 shows an absorption spectrum; [0010]
Figure 5 shows a sensor,syster]aj in accordance with at Ieﬁqst some embodiments; [0011] Figure 6

shows a IHEPsbufees g dod ﬁé@%iﬂﬁlﬁ‘ﬂegﬁr%ﬁﬁé"é’ OGS RSP ENGu B SHolvs a

filament-lrasedsspplceriomcapreaticemitatineiass somelemoctmnentsy10043 bigurel8 shaws a
cross-sectional elevation yiew of a sample cell in accordance with at least some em%o%rggnts; [0014]
Figure 5 SBREECHSS SEEUC R B b Rel P ECah B IE-FTTHEREED RISHED MRS ISt some

embodimeptile; directing the electromagnetic energy that exits fluid sample into a first resonant
chamber, the first resonant chamber has an acoustic resonant frequency within the first
resonant chamber; absorbing at least a portion of the electromagnetic energy by a detector
fluid within the first resonant chamber, the absorption creates acoustic energy in the first
resonant chamber; and detecting amplitude of acoustic energy within the first resonant
chamber, the amplitude of the acoustic energy proportional to concentration of a first

constituent component in the fluid sample.

BRIEF DESCRIPTION OF THE DRAWINGS
[0004] For a detailed description of exemplary embodiments, reference will now be
made to the accompanying drawings in which:
[0005] Figure 1A shows a drilling system in accordance with at least some embodiments;
[0006] Figure 1B shows a wireline system in accordance with at least some

embodiments;



[0015] Figure 10 shows an elevation view of iris-type shutter in accordance with at least some
embodiments; [0016] Figure 11 shows a cross-sectional elevation view of a voice-coil used as a
shutter in ac®SPRAREWEh at least some embodiments; [0017] Figure 12 SKFRWSHi0EHEETIon view of a
detector assembly in accordance with at least some embodiments; [0018] Figure 13 shows an
elevation view of a detector assembly in accordance with at least some embodiments; [0019] Figure

14A shows an elevation view of a detector assembly in accordance with at least some embodiments;
[0020] Fig®e7l4bFshons deressivatiiontfietdvation Vieoroiandetetiortdesembly smbedoridiice with at

least sompRPodneDts 100 LI FRigHE IR RS A SIS RARIARAKSIE YAoMEWOf Ay aspagNt

chamber In accordance with at least some embodiments; [0022] Figure 16 shows an elevation view of
a detectoP@B8EMIBIYiTFFEEEordance with at least some embodiments; [0023] Figure 17 shows a

cross-seqiippe| eleiation yiews ah avespnantshamper using fiber optics in accordance with at least
some embodiments; _ , .
[0010] Figure 5 shows a sensor system in accordance with at least some embodiments;
[0011] Figure 6 shows a laser source in accordance with at least some embodiments;
[6012] Figure 7 shows a filament-based source in accordance with at least some embodiments;
[0013] Figure 8 shows a cross-sectional elevation view of a sample cell in accordance with at
least some embodiments;
[0014] Figure 9 shows a cross-sectional elevation view of a sample cell in accordance with at
Jeast some embodiments;
[0015] Figure 10 shows an elevation view of iris-type shutter in accordance with at least some
embodiments;
[0016] Figure 11 shows a cross-sectional elevation view of a voice-coil used as a shutter in
accordance with at least some embodiments;
[0017] Figure 12 shows an elevation view of a detector assembly in accordance with at least
some embodiments;
[0018] Figure 13 shows an elevation view of a detector assembly in accordance with at least
some embodiments;
[0019] Figure 14A shows an elevation view of a detector assembly in accordance with at least
some embodiments;
[0020] Figure 14b shows a cross-sectional elevation view of a detector assembly in accordance
with at least some embodiments;
[0021] Figure 15 shows a cross-sectional elevation view of a resonant chamber in accordance
with at least some embodiments;
[0022] Figure 16 shows an elevation view of a detector assembly in accordance with at least
some embodiments;
[0023] Figure 17 shows a cross-sectional elevation view of a resonant chamber using fiber optics
in accordance with at least some embodiments;
[0024] Figure 18 shows a method in accordance with at least some embodiments; and

[0025] Figure 19 shows a method in accordance with at least some embodiments.



[0024] Figure 18 shows a method in accordance with at least some embodiments; and [0025] Figure
19 shows a method in accordance with at least some embodiments. WO
2012/005725P@2PAYSE0%0/041273 3 NOTATION AND NOMENCLATURBP{IOZBPOERET terms are
used throughout the following description and claims to refer to particular system components. As one
skilled in the art will appreciate, energy service companies may refer to a component by different '

names. This document does not intend to distinguish between components that differ in name but not
function. In the following discussiof@idh i @he ANEMEOMENEATiHRudIng" and "comprising" are used

in an ope@@aﬂedé@ﬁm@reemda&%%seh%@ ant%mmﬂgmﬂgewm bptAotdinied 9. "
Also, the term "couple” or "couples" is intended to mean either an indirect or direct connection. Thus, if
a first de\RRBISYHHISETE SEBRBKB N e die AN e LShindbai oF MUY PR eSSBSl B e 615 RBERBY or
throglg:1 %49%? t@oyrasﬁifjaﬂ?ma@th@ff@i@mm@@.d qarﬁmliasﬂ@n&qd%%ﬂg&mﬁ@@%' @Behguish
"modulation”, with respect to_electromagnetic energy, shall mean a periodic decrease in the intensit

of electrol AU P ERERY HUH SHAP A BE Yol (VAT docEASl T B e ERy B thas
electromaguieiictsigpahs| G028} iU bathrtmalyii shgll arreand witin kgspeaidal thehiefatiot ghipshetideen two

reasenoks MSHISHESER RN Ch T ILINE oher PRSL santal fghmen i
intended to mean either an indirect or direct connection. Thus, if a first device couples to a second
device, that connection may be through a direct connection or throngh an indirect connection via
other devices and connections.
[0027] “Chopping” and “modulation”, with respect to electromagnetic energy, shall mean a
periodic decrease in the intensity of electromagnetic energy, but shall not be read to require a
decrease to zero intensity of the electromagnetic signal.
[0028] “Substantially” shall mean, with respect to the relationship between two frequencies, the
frequencies are within 20 Hertz of each other.

[0029] “Substantially” shall mean, with respect to the relationship between two fluid flow rates,

the fluid flow rates are within 5% of each other.

DETAILED DESCRIPTION

[0630] The following discussion is directed to various embodiments of the invention. Although
one or more of these embodiments may be preferred, the embodiments disclosed should not be
interpreted, or otherwise used, as limiting the scope of the disclosure, including the claims. In
addition, one skilled in the art will understand that the following description has broad application,
and the discussion of any embodiment is meant only to be exemplary of that embodiment, and not
intended to intimate that the scope of the disclosure, including the claims, is limited to that
embodiment.

[0031] Referring initially to Figure 1A, a MWD formation evaluation or formation fluid
identification tool 100 is shown schematically as a part of bottom hole assembly 102 which
comprises an MWD sub 104 and a drill bit 106 at the distal end. The bottom hole assembly 102 is
lowered from a drilling platform 108, such as a ship or other drilling platform, by way of a drill
string 110. The drill string 110 extends through a riser 112 and a well head 114, Drilling
equipment supported within and around derrick 116 rotates the drill string 110 and the drill bit 106,
causing the bit 106 to form a borehole 118 through the formation material 120. The volume defined



DETAILED DESCRIPTION [0030] The following discussion is directed to various embodiments of the
invention. Although one or more of these embodiments may be preferred, the embodiments disclosed
should not b&{he8IBMEES or otherwise used, as limiting the scope of the #ISEBSYUE/4HATHing the
claims. In addition, one skilled in the art will understand that the following description has broad
application, and the discussion of any embodiment is meant only to be exemplary of that embodiment,
and not intended to intimate that the scope of the disclosure, including the claims, is limited to that

embodimbstty§e 8l Rafetring inftianl the biyakela Al & vmpiahs i aidheaaltatidalor Tombatrbaleiuid
identificatiqn tnal 0. isshownesehematicalleasia paitofhetignhate; agae mbbe A0z sdicheamprises
an MWD sub 104 and a drill bit 106 at the distal end. The bottom hole assembly 102 is lowered from a
drilling plaseabredndraeacsHl oM Biie ARy Matim coRriisyt ofih diitetrig et TeTerh@rill string
110 extengs doughi erigds bhdronseptualihaat ddnbrting €auipnratEURpOHaditbin and-around
derrick 116 1rotates,the drill suin 11%!?n the drill bi 106c,\§g%usini9§)8e bit 106 to forgl a boreig%le 118
through tREFSTATATIBR ikt At P2 IHBN S in g d&fh &l W0 1251088 7S sPefiUs 26187041573 4
between taeielell strithg M@ RNddhetboed blatdiBlisleciemad o HE theyaahulesiitd’. vEhetaréhole 118
penetrates subterranean zones or reservoirs, such as reservoir.124. that are believed to contain
i R R e R A
tool 100 isteenplidyEr:tmsothendatiemshole assemblies and with other drilling apparatus in land-based

drilling Wﬁhd@ﬂd-%%%ﬂl@@af%@ﬁe@@, el a8, pfisnare.diiling ¢enshowndd Sigrse doladdiiando the

MWD tool 100; the bottom hole assembly 102 may also contain various othér systems, such as a

down holé&glillPRote, Ecrdamentdisrdent 1681 15 iser piaisetataitetrys iaertntiong offer MvwHensors

and systempoiR34lsinsameembadimentsadbe inkarnRation gathriegdRy thedeold 8@ nawmke stored
within the tool 100 and read when the tool 100 is raised to the surface or the platform 108. In other

embodimBItEOE HESoP BileHBS RSO JEARY B WBYSof Hiay Y SEATRIthERfBES b Matform
108 whileitfigiaeioh0Qiswitity thedsrebpledl18: Fox examplansomaer allsherindermition gathered by
the tool 100 mag}?%nﬁrﬁgéﬁsgﬁ&gg in_pre SO%%%%%}’;% %Ir){/eg%% (;écl)ll f|l,ggov§VItgtl£|e}h éjntllllggg&gl&&o. In

. i
yetstlllotﬂ’ét%lem odi e’information gathere may be sent over a

communicatiore pethway £oobeddechtivithpatbivepipelsedfdh e ik Siripipdsl e, tbachild sthyeel é0trioal
conductora% %’ gﬁﬁ&%ﬁg&%ﬁg@&%@é}%\é\{)ﬁlﬁg&&gpme embodiments the formation fluid identification

tool is use Ing operations, in yet still other embodiments of the formation fluid identification tool
is used inlM38kneWdulsingy spesatobrslimepiartiet i dlnl ifgstiacedon vardlinaegdhdalistem that
compriseg, ﬂQtQ(QiE‘,giﬁo%tlQﬁl rlacedwitimakerehale Ildaieximate iRihadsararvel 124efinerest.

The tool 100 comprises a pressure vessel 150 within which various subsystems of the tool 100 reside,

and in theifginaioecti arsTERjtre PRPREPRIs RN H diHEfIes SR dWRING THEWL I BRbole 118
by a cabledkgi Eakleckpmeincsonmenemikedimgamis a PauhconmkgiokaiaoedkEalie.Rotrorly provides

support far the pressure vessel 150, but also in thes bodiments communicatively cauples the tool
100 10 & SOITECE 0y TSI e RreT S TAEh LU ter T8 TS0l TO0 ERLy D areb and
lowered withintive boxehole: 18 deytiveayaaf th&igatsld B 5R, pmdthevdeptt BF thentpeh ddiOmatithiththe

borehole L1.8,0v bg APIRBIRGYLYdRRIN SHeRsam aRboYRie H3R MRtaleR AR Agieptsee)):

not only provides support for the pressure vessel 150, but also in these embodiments

communicatively couples the tool 100 to a surface telemetry module 154 and a surface computer
156. The tool 100 may be raised and lowered within the borehole 118 by way of the cable 152, and
the depth of the tool 100 within the borechole 118 may be determined by depth measurement system
158 (illustrated as a depth wheel).

[0034] Figure 2 shows an exemplary embodiment of the tool 100 in a MWD configuration. A
first end of the tool 100 includes a probe section 200. For reference purposes, the first end of the
tool 100 at the probe section 200 is in some embodiments the lowermost end of the tool, which is
closest to the drill bit 106, The probe section 200 comprises a probe assembly 202 having an

extendable sample device or extendable probe 204 (shown in an extended orientation). During



[0034] Figure 2 shows an exemplary embodiment of the tool 100 in a MWD configuration. A first end of
the tool 100 includes a probe section 200. For reference purposes, the first end of the tool 100 at the
probe sectioW2094i& 5 3me embodiments the lowermost end of the tool, R¢AiEIRI81816H&%t to the drill
bit 106. The probe section 200 comprises a probe assembly 202 having an extendable sample device
or extendable probe 204 (shown in an extended origntation). During WO
2012/005725PCT/US2010/041273 5 periods of time when the drill sting is turning, the extendable
probe 204dsedittdrawn inhontiee sl stasg amiolni2@2 they eirbio prabiolis itovidestadingr When a
sample O%EBEQQ:EL%&W, 48 depirednEoiationaf 0edsl suing i ﬁlﬁ&PEgaﬂMetB?fﬂP&Qﬁ%oﬂuﬁ gxtended

to contact and seal against the borehole. Thereafter formation fluids are drawn into the tool 100. In

situationsdfffisre EPEARTPRE FranElniing fuitPrPideah RAE MU ddctadHIRF AR iy Baldrawn
into the prohgd-wilhaulextensiony [BR3RIcha:1@ohEAR-Al8010MP I FPAVEHABEHORIRAS Loupled

to the probe section 20Q. The operative connection between the probe section_200 and the power
section 268 888 dliediidiBulis Fomtt darsHElio G5 BA ALY P ER ML RSP Bietmtal
signals, poyues;wad: txtmation fluids drawn through the probe 204. Though not specifically illustrated,
power secfj 06.compyi ompaonents such as a pu ssembly which draws fluids,intg.the tool
oo ron e e e e e R B e D B e too
may be geperitetchyritveiclritiatgefinithdlpwirgthrionghtheddot f0@cramedian Aléctropuseribddledvhich

contols operafien-akiie ualims pyps Aoty 0030) SULIEIPTRALD IRE 212 foshasfion 210

is coupled to the power ion 206. The test section 210 is or compri ressure vessel that

houses thuigirigavsotisearibs ugebrtdPteadlirasihdidr thefhisie BBnEatednPeumpsaids?8Pthe
formation fiuigh glraver,ipthedaraben 284 (thenfe stitendgseribad tere therouahivibalow)od samile bottle

section 212 may be coupled to the test section 210. The sample section 212 may include one or more

sample b8HIEe<¥E R BRss SO IR ARERRIMHOIMPIS Stafe ) Rexs fof disdinty te'stmeberor

more detailgeranalysisiat digisgrace. ihaentiedonl Geuptds try, tieadseRt8dnidharbalancenrkhthe
bottom hole gﬁfemblg 102, @037 Figure 3 shgwgl,wseghematically, illustrative fluid connections within

the tool 160" HEPEHEGE ng"p Hentshittistrated Span several sections (e.g., the sample bottle

assembli¢8036jtheSiéttrofctnediguFenesitie withiertive S80nplebdtieséetiornw2d &;citnl@dbe Thoteset 204 on
the right r%%'&'&%ﬂtﬁ*}%”oﬁ‘&%f‘%ﬂgssae@‘é*&%l%ox@éSQPPQ{&W%&%F?%’UMEQ{??%%[S& Sonfogsiher as a
single integrated system so as not to unduly complicate the figure. In particular, the system comprises

sample proldépderdruibiy emgpleenteaniioreiih@Boe fmeainn d80sivyapie sropsohest st ahe e SO®
comprising.vatie304-and rogiel 3R andhflow ire.300 alsp.souplesivadapiding 38 Eachiflgw line

branch will be discussed in turn. [0038] Flow line 302 couples to shut-in valve 304 and meter 306.

When shutlfh vERSe2PRISSeEeRE L thBm ARl do o7 At stirie trts terpidise 204 2Howevsr, when
shut-in vajgcdOduispRReTesh thenmrier3ae isfluiditced phedhtadhs prabm2Q4 sucihdhatiany Bhitable

m remen . For ex le, in. some em imen r i r re meter, which
thszsmu eilggfiggctg& Bgug}gs ey th?ea S g{gptoet’he b%?anc% %f tEg gottgm o@%ﬁ%ﬁb? 1 f pressure meter, ¢

[0037] Figure 3 shows, schematically, illustrative fluid connections within the tool 100. The
varions components illustrated span several sections (é.g., the sample bottle assemblies on the left
of the figure reside within the sample bottle section 212, while the probe 204 on the right resides
within the probe section 200}); however, the components are shown together as a single integrated
systerm so as not to unduly complicate the figure. In particular, the systern comprises sample probe
204 fluidly coupled to a flow line 300, Flow line 300 couples to a test branch 302 comprising
valve 304 and meter 306, and flow line 300 also couples to a flow line 308. Each flow line branch
will be discussed in turn.

[0038] Flow line 302 couples to shut-in valve 304 and meter 306. When shut-in valve 304 is
closed, the meter 306 is fluidly isolated from the probe 204, However, when shut-in valve 304 is
opened, the meter 306 is fluidly coupled to the probe 204 such that any suitable measurement can

be made. For example, in some embodiments meter 306 is a pressure meter, which thus measures



WO 2012/005725PCT/US2010/041 73 6 the pressure of the formation fluid to which the probe 204 is
fluidly coupled. Such measurements can be made both when the pump 310 (discussed below) is
operational, a8 WAEPPEMp 310 is fluidly isolated from the probe 204. [00BYI/SsiPrefE1rY to Figure 3,
flow line 308 couples to a plurality of components, including equalizing valve 312, flow line shut-off
valve 314, spectroscopic sensor system 316, draw-dpwn pump 310 and flow line 318. When desired to

equalize the pressure in the probe 204 to that of the borehole, shut off valve 314 is closed and
equalizingarressre o Bisdratatinndlagualivhic the prelssipéd to fhatptarmedusS tdPrRondinens18

fluidly couplgshdnho bioRgAr iRoFEROHIR \BlVaS 32 Qs hstgitle Malves couRls, tﬁ%%g%%ﬁi\ée

sample bottle assemblies 214, 216. I;Iow line 318 also couples to vent valve 324. Ve Ive 324
selective P8RS A f P BBa8 % 2¥hulus 122. [0040] During periods of time when a formation test

is being peylaonedtBOMIZING tsahieuRL?, isovosedadovoliprshul offvaeoB tnisARaRShRKmR 310 is
operated to draw fluids, ggv nt v}alve 324 | o%en thus creating a flow path throu%h the system.
Initially thEVENEUS ng&ﬁm Sy e FfeP kit etﬁédbépél%fﬂ%c‘@l@.ﬁeﬂfﬁﬁﬁésfﬁi’fﬂ)qﬁl adE iR on the
fluids withjrutiye3i6renti dleveliterdig. tiEhprobsiwh en aptsbctatlc prdlardianingpertionsahihesadluids
that have pe t r invaded formation 326. Eventually, hoyever, the fluids movjng through the
various flo%rﬁﬁgg v%ﬁl g%l‘r%%vs% é?(%lbssﬁ/%ﬁﬁﬂggﬁr%éeﬁg%hﬁﬁésﬁ%ﬁ Arioue és%?%u%éiﬁlba }'Ztgéﬁfgﬁ‘ned on
the formatirsaniitehbdiorisatiol s Lig. uBiey tee Aldstratieceysteminfifigtrerd. dranexdotpey foea

chaw-dows eS| e BSNANR 204 v bR.Rened kNG eSS iy the fowling fad, by sensor

306 as the pump 310 draws fluids through the tool. Further still, with sensor '3 ul R/Wcoup o the

probe 20AKAGMAKSE Vol §ah6WAhe VshbY Srevidecireavelay it siose inahis teshernountof2ime the
formation fgdy tomefin fe-ansasigipRl @ﬁ@@@&@ﬁﬁ&f@&%%ﬂ%@@&ﬁ@@@gﬁi@ SaMes5aS6s
e

samples of the fluid within the flow lines (and thus samples of the fluid in the bore hole and/or

formation HBES-rHEY BEGARMCERG S ordd FReRsGRRe hhs 2pmpch R/ dseobEfe drilirey wlve

draw-dowpptest opiard ventcvedie3PAsiosell tifugHaheingsfuid intsamplehoit el 4inthesaaftes, valve
320A is clgsed and vent valve 324 is opened again. At a later time wjthip the particular draw-down
test, or pegﬁlapglgncﬁf A }‘:[ee%toel at e'é‘lffer'iélﬁ %%%i 1n@?ﬁ%d68rgaﬁto?& %I\ﬁ}”gid% oBEnRg SR ent
valve 324¢staingatc trabeforbimgditidddterston dleviottlpc2déisTdfalsaenibdb ditiesamaychentameyed at
the surfacg, gnd e fddithessln salvaar AR RIONGIRGARYELIINCK S, Wi yalve, 314 open

and pump 310 drawing fluids, as the fluids ﬂ_owt rough sensor systém various parametler‘s may
be measutel P§iERA%S xdetiehifamiasitsidome or all the constituent components of the fluid. In

accordanggowith th@ﬂé\i@t&%@rﬂm@mmed on the formation and the formation fluid using the

illustrative system of Figure 3. For example, for a draw-down test the test valve 304 may be
opened, and the pressure within the flow line read by sensor 306 as the pump 310 draws fluids
through the tool. Further still, with sensor 306 fluidly coupled to the probe 204 and fluids flowing,
flow line shut off valve 314 may be closed, and the amount of time the formation takes to return to
an original and/or static pressure may be determined. In some cases samples of the fluid within the
flow lines (and thus samples of the fluid in the bore hole and/or formation fluid) may be taken and
stored. For example, valve 320A may be opened during a draw-down test, and vent valve 324
closed, thus forcing fluid into sample bottle 214. Thereafter, valve 320A is closed and vent valve
324 is opened again. At a later time within the particular draw-down test, or perhaps a different
test at a different depth in the bore hole, valve 320B is opened and vent valve 324 is closed, thus
forcing fluid into sample bottle 216. The sample bottles may be removed at the surface, and the
fluids therein analyzed in a laboratory.

[0042] Yet further still, with valve 314 open and pump 310 drawing fluids, as the fluids flow
through sensor system 316 various parameters may be measured, such as a determination as to

some or all the constituent components of the fluid. In accordance with the various embodiments,



WO 2012/005725PCT/1152010/041273 7 the sensor system 316 determines constituent components
of the fluids based on electromagnetic energy absorption characteristics of the fluid, and how
electromagn®ft28Héigfy 2hat passes through the fluids interacts with an ad8U<HE*Aé88#ERA? chamber.
[0043] Before delving into the specifics of the sensor system 316, the specification first touches upon
the idea of electromagnetic absorption by chemical-molecules, as electromagnetic absorption plays a
role with respect to fluid samples and electromagnetic detectors of the various embodiments. In
particulartie stremiezitenoEdukeighsdyscpattivadonapeenytns GF dlatdy dnrag matidastiergyeasia
function Qf{h 59&%&9&551%&@%%%5@q@ﬂmﬁq@aql%%ie&ﬂﬁagﬁe%t&%fggotﬁauﬂﬁgséghﬂ;dénghen

electromagnefic energy (i.e., a photon) is incident upon a molecule, if the energy of the photon
matches theBRET§YHREHBER GBI tHENEAIEBSTecule into one of the molecules discrete excited

states, theppdmtorseray: berabsaraetheltfha mueiomotihePhaien dossmoipaatehdhe mretgiregeded to
excite the chemical molecule into one of the excited staleﬁgﬁ?g?.é nergy of the photon is too high or

too low), HREHHGH RS ES B AP TR RS G EaP SXAHHE SHRETRBIRERET
moleculephigure dohomtargsagh ab niktidasaipdnsmitiateetfinvenseiof dhsaoptiad, dnd adangsthe
v-axis) of eleciromaonetic encray, against wavelenath, (the Xeaxis).of the elegtromadnetic eneray for
waveleng?ﬁls T the mifrated reglo’n.% parﬁlcu ar, e?ectr’oma netic energy with wavelengths'around 3
microns, armtgiecdnmagmett tretgycmitoiiivelahytils Groudd@emicrons] sreeabsErbelsyunethane.
For e'eth?ﬁg@ﬁﬂ%ﬂ&e&s&@%ﬁ@ﬂ@@c%&t&%@p@\églgBgmggriﬁéﬁ@?;elﬁp@ﬂé migEans; ﬁ*&l@!:%‘a}r%m?gneﬂc

energy passes substantially unimpeded. The graph of Figure 4 regarding methane is mere

illustrativéhERosonatfifshe Sripen BpRASH AXSHFIEDS Abraicas melervls assomtioh Bpasiemiite.g.,
water, caghon-dioxicies sthanaldnd:by AnaisisLfthe abarrplion shael waddar ailidsame areall the

constituent components may be identified. [0044] Figure 5 shows, in block diagram form, a sensor
system 3FBTEYARESIUhIRexith Bt NSty ERilfoin el Hi5TREA s HHe SemsSPERtah™ie
comprisesirastice assanzhlobAes The)seurghassepaliys 500 eiekietelpttipragnetioRRergy fe.,
propagating electromagnetic wavyes), in some cases the electromagnetic energy having wavelengths
I the SRS OR TS S e AT o Se hehen it BN SHeS B hrgy
created bgbﬂwﬁomrwmnmy}(wkm_thjéeﬁeim@mgaghe@i&wer@jﬂmm@edgﬂy(&mdﬁva@@f iboptically
incident ugen. & samile Sell P04 sonianing A dsemple.Chgmieal mgeas oLl duidsarpple

S t e

absorb particular Wavelengtfis of electromagnetic energy as a function e structure of

moleculesnenst wifiewvvaliaiEhe Bisupa SsueipipeiddlorHeprEteic Snerey sTébireyigdicaenisdy that
passes isyiRSRMeeMNNNERS nilifieried oA matiialinnrssembhaR38: With:theeleciramagpetic

energy illustrated by arrows 506. The modulation assembly 508, when used, modulates the intensity of

the WO SHABRID B> 5ibesqs Sxpalesaisgaetc energy passes substantially unimpeded. The graph of

Figure 4 regarding methane is merely illustrative. Each constituent component of a formation fluid

has its own absorption spectrum {e.g., water, carbon dioxide, ethane), and by analysis of the
absorption spectrum for a fluid some or all the constituent components may be identified.

[0044] Figure 5 shows, in block diagram form, a sensor system 316 in accordance with at least
some embodiments. In particular, the sensor system 316 comprises source assembly 500. The
source assembly 500 creates electromagnetic energy (i.e., propagating electromagnetic waves), in
some cases the electromagnetic energy having wavelengths in the infrared region (e.g., 2.5
micrometers (microns) to 30 microns). The electromagnetic energy created by the source assembly,
with the electromagnetic energy illustrated by arrows 502, is optically incident upon a sample cell
504 containing a fluid sample. Chemical molecules of the fluid sample absorb particular
wavelengths of electromagnetic energy as a function of the structure of the molecules, and other
wavelengths pass unimpeded. The portion of the electromagnetic energy that passes is, in some
embodiments, directed to a modulation assembly 508, with the electromagnetic energy illustrated

by arrows 506. The modulation assembly 508, when used, modulates the intensity of the



electromagnetic energy to match an acoustic resonant frequency of the detector assembly 512. The
modulated electromagnetic energy passing through the modulation assembly 508 passes to the
detector assBfIRiBUE74ith the electromagnetic energy illustrated by arrd@$/BIWIEEIFdmagnetic
energy incident upon the detector assembly creates acoustic energy in the detector assembly at or
near the acoustic resonant frequency. By detecting ghe acoustic energy in the detector assembly 512,
the presence or absence of one or more constituent components of the fluid sample in the sample cell
may be delstmineghelihenovsr &l protessdernibnitoredrfitoomap bé thb faecurmpatarbby §ié@m B4, which
may contigl i @pSigtian ALMASCHIER AsSembbiahthane s maduialon ARsembly=08, @ndavhich

computer system 514 may also detect the acoustic energy within the detector assembly 512. There

are manydsES§pRSSPEIRAYIohS 9 B4bp echentamisisranteydt rigaied by g sac e dissBREALHHIFbe
discusseq i i4rheridht nEowithethasaur eR 8558 BRMR 061004 2hiR-9GR AR ARER IR MRSt or

embodiments, the source assembly 500 creates collimated electromagnetic energy with wavelengths
in the infraf8 et iicis PR AP St Breelsaios esarmbil crostes %Tﬂ%%ﬁ%&@ié‘ﬁf?%%’g netic
energy wishayavelengihis abavedcd sficrens, aott itopafticulaccasastne @reeoflurbrenyiy elehgths of
the electroma neth: eneidy are betevyie 2.5 m.g fons 2{,{%25 mi%%ﬂs irhclusit}/&lgcriw? paa(r:t(i)culag3 .
embodim&fit thiésolirce assec'é\‘r:’nn[l)]llf/1 iS"a hliam-fieén faser prr%0 lﬂcmg %?ec‘f?élmagne iceher Vwith a
wavelengthseh8 Bl dnierdons. thiglivontneé ohd agerstcre afinycetectronsigmidiy 80@ gyl Withraomdegtength of
3.0 microns are,widealy il , , 0 troni i i
Massach&gsgﬁﬁll%iggjﬁb%\é?ﬁg%g %ﬁ%&?a%ﬁé%%%e&a s%?%gb%%ﬁﬁ%%%g%?n%é é %%ﬁlﬁ rﬁl-rt}%%n laser
600 produeiagiahasesilitiiated dlee e apetRosHRERBETO0YU BIok fisbe, dopnirengaty Hidtimee froduces

collimated, &leGtipragRRLiG GtV dstaus ReUBRESOPETheMIRDEREMAY fipneeded to produce
the collimated electroma%netlc energy. However, sources of electromagnetic energy other than a laser

may be ut¥H thid PaFRIANERBUEITAIRSS REPRRmIFETe Be\AHETG Rfearily etiterretsrecallimatete (e.g.,
from BostascEipeirapicsinaichiisavaviiagske inflanemirddughion stiMolg biraniltingsdindes «ixas)
which produce electromagnetic energy in the infrared regign are available (e.g., from Boston .

E et i P TR SO s s NATBAIS Y GP s T Y SIERRHE oS B TG Magnetic
energy inpgheivikiblenspeticunng atsonpred waesi@l gty o algh eficenergydrictkadrfyased betgiem JG04 7]
Sources of electro etic eneray in the form of filament-based infrared emitters . infrared.L EDs and
ot B T e e B e
energy; raier labhe eleduontagneticrertonty radiaies ihdianp vlrngihdo Gl thiecswarcélelinmspevhen a

point SOUIigg‘ejé &5&9}5@@5%@&@% %vﬁﬁedimlagﬁgm%@g% WQons are widely available, such
2012/005725PCT/US2010/041273 9 produce the colllmatedgl;ggt. In some embodiments, where the

physical sd&RyrsiteBlsdRenis repassemplpsollimsdiressyssitsafpre &ihess rieyetyss not

constrainggthe salimaiosof thegleciiomagnetireaherayomaysee @00onpishied ixesitaatingdie
sample cell 504 a sufficient dizﬁtﬁnce from the point source. However, in cases where the physical

distance BEEHEEHSARIESTFERY a¥%embly 500 and sample cell 504 is limited, such as in within a
downhole[gddf]othenmechanismsto eallimgimthecelediiomad réticremesgytin aydbeyused . (f0O48] Figure
7 shows illustrative source assembly 500 i cordance with at,least so embodiments, In
o e o A e e W B aR U ERT ES e rce
700 in opératioveal refationstiphotopagistiicersfigctothZ0thithe Jasabolity réfleetot dhohm tarious

Crosssecéiﬂﬁ%dﬁz?er&?.o'iCFE?ﬂ@%B‘EHlBl&r% ayaiable fionp Varie 0&%‘3&{}&8&01@“?&%5 Rastag,flgctronics.

The point source 700 and parabolic reflector 702 are arranged such that the illustrative filament

resides atHiseifoEst pBitithorine peratendiamsstor Fietdet shdidticanengy drdsted-BlP thevpisint
source 70Q4adiates radialy-autwargy prinretiedtingibomtha:pasrielic milaateidP 2R onics).

electromagnetic enerq becomes at least partially collimated, as illustrated by wows 704.
et further still, a quartz-halogen flashlight bulb, m addition to producing eléctromagnetic energy

in the visible spectrum, also produces electromagnetic energy in the infrared region.

[0047] Sources of electromagnetic energy in the form of filament-based infrared emitters,
infrared LEDs and flashlight bulbs (hereafter “point sources”) do not necessarily produced
collimated electromagnetic energy; rather, the electromagnetic energy radiates radially outward

from the source. Thus, when a point source is used additional mechanisms are implemented to



[0049] In accordance with embodiments that use point sources, the point sources may produce
electromagnetic energy in the infrared region, but may also produce electromagnetic energy with
wavelengthswaotsigdesfed ranges. Still referring to Figure 7, in accordarCa/ustniaigast some
embodiments the source assembly 500 may further comprise a filter assembly 706 through which the
electromagnetic energy is passed. The filter assembly 706 (e.g., an interference filter) blocks the
passage of electromagnetic energy of some wavelengths, and allows the passage of electromagnetic
energy ofpptidecevavelehgihedfigamacases thethilenassewildye isha Ipapdeplaspatilber bathidenmather
cases the filter assembly; es wavelengths,longe J;;] a predetermined threshold. In.some
embodim T e ah g A e ST el
electromagribticleriergyshiestranethyras dossoRphswdvbvelarngtiss thd cvmmosphi Gons saffiignt
particular gases: e WavelsOLSeL e SIaRomatRe s SRIIHRAZ IS BEUHEEBARIR FIPRR.ARd 25

microns. In situations where the point source 700 produces electromagnetic energy only in a desired
range, théfrBPHs2Ehibr 708 ey b8 binlimicdsyet stilnoriéitadeynsply vakRfirrpekaisyths may

be passeg,Ryithg.fiter apsaahhs 98 heleXapBieudma system for detecting methane, a filter
assembly may pass onl)%wavelengths to which methane susr%%Bti_ble to absorbing (see, e.g., Figure 4).

[0050] ReifMihg By fo BRYGTE"S  THERILE STHSE ASHEEhe rfiy SO 2 Hrodarey Bt Satired ™ ssembly
502 is incigigiidipentssam piatall bORistratodisans oot allen306 g foho dime fitsmine bYW
2012/005725PCT/US2010/041 10 spectroscopic analysis of the sample fluig.is made gs the
ample N TR ST foL Sh NI S e P SR e e Qb R B sample
cell 504 incfiecEnddmea wittatigastspnisrembodiffitetts. dre partieblafdhreasamgijeot ethB6e, imthese

embOdimﬁé‘EsoS{%ﬁ‘E[é%&énfi‘c%“ e EORARIL RO0- P Qﬂdi%si&i%ﬁ’ﬂ@l-&i@&b‘?t%iaa?@ 4 ldns,figyge. For

example, the fluid conduit 800 may be a '4 inch flow line that has a 6 millimeter internal diameter. The
sample fldftrfeseitameenechidrs ebtuiogd eoiReifibihmpsdmita TileealuStatbamisasiewaesa. [0051]

The fluid epngliitfeerls gotransition reoiomBa4. whigh tanrsiienyeoipndRamikestithe.samplgifluid to
flow between two optically aligned windows 806. In at least some embodiments the windows 806 are
sapphire,rﬁﬂfﬁﬂﬁé&&%@ﬁéﬂ%ﬁ%&%ﬁsﬁﬁw|§7€‘6ﬁm?a|rst} fFans pabeal Baed B e Y. In a
particular gralediment, the windows 806 are circular, but the circular nature is not visible in the
cross-sei@g vi%\g of Figure 8utﬁs illgg rateotl, E e collimatéad electrtma%nettic energ%l502 féom the
source a ly SOETRIGUIE 5Y'iS SPESE thiotigh tePSBtic Sighe PRINABWEB0E MR 'SOHTE cases
the sourcelassemphetxOth kg linets) auficktiiersginplenteaibh@ibaedhensEvesopticad yatigneditout in

other casgs e lRCUAADRENS NSIAXS02 KRS, FIEGIRI0 115, Sl 68l 04 pi Ay sylable

a .
structure &:-.g., ofie or more mirrors e electromagnetic energy 502 interacts with the fluid sample in

the regiors@bedipene dhethraniineetvebB08089 ke MitkFsepmpastowstfoaseiblye/distaveshoehigden the
windows %&%%i%&@ﬁ%%@tﬁtéﬁ&%ﬁr‘é%ﬁ%g?@ﬁﬁ& Qadhely el Sampledisid 10 bedgsiedand the

distance between the'windows 806 is shown as D2 in Figure 8. For example, when testing formation

fluids havifty SUBEEIHAI FESFHNREREY GR5ERNHBh SIRTpAHERIEERS; Katkaam thiaidstaes DY
between the:wing@wsiSRacrayobugen l-antids millineiersiRcusiNrRecnd-nthRr cosasheiween 1

and 2 milljmeters inclusive. However, for other sample fluid to be tested (e.g., substantially optjcally
cloar oL B B o BB QIS A BEBT Get s & predcienuned

threshold. In some embodiments the electromagnetic energy that leaves the source assembly 500
of Figure 7, the electromagnetic energy illustrated by arrows 502, has wavelengths above 1.5
microns, and in particular cases the wavelengths of the electromagnetic energy 502 is between 2.5
microns and 25 microns. In situations where the point source 700 produces electromagnetic energy
only in a desired range, the filter assembly 706 may be omitted. In vet still other cases, only
particular wavelengths may be passed by the filter assembly 706. For example, in a system for
detecting methane, a filter assembly may pass only wavelengths to which methane susceptible to
absorbing (see, e.g., Figure 4).

[0050] Returning briefly to Figure 5, the electromagnetic energy 502 produced by the source

assembly 502 is incident upon sample cell 504. In accordance with at least some embodiments, the



[0053] Still referring to Figure 8, under Bernoulli's principle, as the cross-sectional area of a fluid flow
decreases, there is a corresponding increase in velocity of the fluid flow and decrease in pressure.
While in somggasea@ancrease in velocity of the fluid flow between the figid/condaia8He@ on the one
hand and the fluid flow velocity between the windows 806 on the other hand is not an issue, in other
cases the change in velocity may result in undesirafje actions (e.g., flashing of liquids to the gas state
caused by the effective decrease in pressure). Thus, in accordance with at least some embodiments,

the structusecthatelafings thie sransitionpiegion &0dadhileracrawingrindiieplangndefineddyting page
upon which Figure 8 is shown, may widen in directions into-and o he page such that the flow rate
ofthe i CEIRE S BRIEER R A BB T BB A o 7 Lo il o T
2012/0057266 ST 52600/ 011 pai8idilas atre sampiive fhiivd Gatenviititin ¢hdbdllirdenoncluitBB6s Statet
otherwise, | B RRS el%ibcﬁ&l%%‘c%kaia‘i%%ﬁ%%éﬁﬁér g@ﬁ.o%‘?%& R4 Andwindaus 806 to
ensure proper gap or distance between the windows 806, yet at the same time hot causing
significan8{0mere dsed'Auidhy Bloeitinevibiatrespe &t noltrectsaliatvoad tivadieid ¢ondenBodiujddBa]sin yet

still other emBodinenis.dig s3MP LAY RRE Laker adlisarale.A0%:/lowing sgmple. Figure 9 shows a

cross-sectional view of a sample cell 504 for testing discrete samples, along with associated fluid
conduits &P Lhivdse IRy aednt ferddiny traddemacsenoti¥ oriink taanifng matphiirt bkds hsid

conduit 99@n i augl e, HBvibrauahoehamberi S $irauah sadverfQe Bad threuahdidideanduit
908. During such periods of time, the bypass conduijt 910 may be bjocked g)g valve 912. The flow of

sample fIHA RHESBE 40 Q5 BIPEHS: Nk aBier MRatriah Bah 1S e AR By H oSS TR ST AN fen a
sample isetmibvealtadiedsadalves DParanthd @hbseiclage thahiadmapphig ardisbielarsdmple: initheaghamber

904. In some embodiments, the valve 912 may gpen su e fluigd may.continue to flow through
bomacs come oGO IF (BN ARPLS A i € TV RTINS B hiniaes

electromagrreticnepargy 662eprétudechbyhewsourcssaadimbiy SERFRIglrdsSYimaybendingbte: through
the fluid sgimple.byway %M&QQ‘@%Q][6"s@&?@a@&%@?&HB@%M@%@@%@?EEA‘%@tﬁ@@i%i@% has

passed through'the discrete fluid sample within the chamber 904, valves 902 906 may again
open, andBplsarcavarsl e risicaiyudigestiny toiether satn tieckicaRibegTielip RISEFAfBA TowiBBlating
the next digerele thichsampif [QIPSHReWIpabHallY te-idaiie e deppnding:9r thewayelength of the

electromagne'gic energy 502 and the constituent comggcj)ﬁ,nents of the fluid sample within the sample cell
504, som& SRR ofRSE T RETgS 2D e MBI Be tPBYP the il sis&iple S9RdOFBEthdhe
electromaghatieceo®r gy thOGithindapteipapates through the fluid sample contains information as to one or

T COn e SRTRRes e e MRl contained I ey edyced Presanees! pariquer
wavelengths of electromagnetic energy). Thus, in"order to determine the preésence ana/or'guantity of
constituestphaplune it dethetede et thagnstice hergendhrawiin v dotestebiowm acddl dafcawith the

various eodinggls. g dletegion ebhgsleoamagaalic enBERPRIGY AL AENIIeRCRSIC

detection system, and in order to Use the photo-acoustic lon system lectromagnetic energy

506 is moinaEgEt & fredipsksilof hecligdeceebBnkaivecidhe ariegoor Ot atec ot y@ist dsue2dore

below) . |rhﬁﬁﬁ%@é’i‘@ﬁ%l%fbe?&d@%E%&WE&PP%&@&Q@%FQ&%@@ @%@9&1@&'@&%@ within
the optical path of the electromagnetic energy, and the modulation assembly 508 is responsible for

modulating ey thbadriti ErergyP iR iheptirsiiciientedenibh sso8nse elistine S he whvn in
the opticahpaithetwerr Baensasnpte cell 504 and the detector assembly, the modulation assembly 508

may be plggediat any logaion n e opfica gath (¢,g; hetueen fhe oy, assembly P90 ang, WO
fluid flow decreases, there is a corresponding increase in velocity of the fluid flow and decrease in
pressure, While in some cases an increase in velocity of the fiuid flow between the fluid conduit
800 on the one hand and the fluid flow velocity between the windows 806 on the other hand is not
an issue, in other cases the change in velocity may result in undesirable actions (e.g., flashing of
liquids to the gas state caused by the effective decrease in pressure). Thus, in accordance with at
least some embodiments, the structure that defines the transition region 804, while narrowing in the

plane defined by the page upon which Figure 8 is shown, may widen in directions into and out of

the page such that the flow rate of the fluid sample between the windows 806 is substantially the



12 the sample cell 504, or within the detector assembly between a focusing lens and the acoustic
chamber (discussed more below)). [0056] Figure 10 shows a perspective view of a modulation
assembly 50& gnzecearxiasnce with at least some embodiments. In particular¢ Figsma dé: shows a
modulation assembly 508 in the form of an iris-type shutter 1000. The left shutter 1002 is shown in a
closed state, while the right shutter 1004 is shown ip, a partially open state. In accordance with at least
some embodiments, the shutter 1000 is placed within the optical path of the electromagnetic energy.
When thesshutterth@Ryé cammandes thuidosen(sictvas Byeonuthandsom theneampitemsystem 514
(Figure 5)), the electromagnetic enerqy is fully hlocked by the shutter 1000. When the shutter 1000 is
command A G B ot ety THC AT PR e e RORoRan By e symbol
1006 indibating:mmbeenrelin&thegpag éicTHhefrdquensycatsitg chethiscshtlt ercis ope edlartbclysed

(i.e., the f%&u%mg C%tov&@%Igimge%lg&ggmg%ggﬁi%gy is blocked and then allowed to propagate) is a
se

design criteria on the acoustic resonant frequency of the chamber used in the detector

assemblyl843dideussstlhetrer Betevdimentothe wasas th Hehiakercy Ksao00 Merfiovinessmgid in a
particularigase is heineen4QQddasta105dessr Hiaryne shuitersh @ééi'ﬂ%‘ﬁi@c?&@@&@i@ﬁ?%@é% dlighe

selected frequencies are available from CVI Melles Griot of Albuquerque, New Mexico. [0057] Figure
11 shows B A cukifpR)dr degdrdameEi iR aftaiRg R R daen & rpaitrealal Bgure 11
shows a madulation assemlyR0B0) dhederMpfanricereaiashantblyobiOthishavwive Cyos angection)
coupled tg a blocking memb 02, The left voice goil assembly 1100 and blockin ber, 1102 are
chown in SRERCHAE SEAANT e HHE ML BBy 50 SR oM G TL6B are
shown in eshvex@éhdéadsiate. of RenyocBuid nagsemnblyeddy prisesitabiragndiassansbiy 14064 having an
annular grqave..1006. Within. the annular v resi | 0] u hich. several
turns of e?gcatr{%laqu é%n3 'uc{t?)i}egrg \S/\E}S%E%j lftgég?%vi%éﬁ%%gvé?ﬁ%%ﬁéﬁ?ﬁ% a?%%%%’c?r%%ﬁé%ﬁ%%ed to
the windinigsretndeatpistiic icerebes 804. idugeas mmaliventingys valve Stlearicapousrshttifofinia the

windings 1110 gieAlesAmaanshsie/gd-lah inisrants, Witithe magpetic Jeldfdha magnetassembly
1104. Depending on the direction of current flow forced through the windings, the bobbin 1108, and

therefore feBrseReh §Us Semslgrrroenaisyesiend o rratiser Thagsrvecedisssddnil) tieu5sblaced

within thegpfisal Rathcaf the.gleaicamanastisepergyy Mhendbevoice epikassamiidk it of
commanded to retract (such as by commagd from the computz&a&stem 514 (Figure 5)), the

electromayFriRGRRSHS ProBR gt Rse JBRUgE ShahiT Bl RIg NARE R EIRE clit1100 is
commandedite eatend] elscioymaghetiseanand\biphlockbd byXhiblpdkingmemghfwid 1D2pgs dhown by

arrow 1116. The frequency at which the electromagnetig energy.js blocked and then allowed to
propagatec%%g regll%e %%ﬁ%ﬁ@é&%@&ﬁﬁ@%ﬁ%ﬁﬂg? éebriteria based on the acoustic
resonant f9gaendyesirthegdinatiber ige h dwmét@@@smwm@msmc@mm, but in
some casgs, e(iANSRGH B ABRARLA oS e U RAGHIARCaR AOQ IS LR dRD8] The

modulation assemblies 508 in the form of the shutter assembly 1000 and the voice coil assembly 1100

are merel§igttrorRgUatisroasiE v st betricRsd Graths idirtemisnred thes dlsgitrtiayasirtie Ay, Thus,

other modiglgtipg ipchiliaeshRaaybRe AN LeaMiR. thidkHaiRg distoAnwheehyith aRaktkes
therein). The shutter assembly and voice coil assembly modulate the electromagnetic energy in an

on-off serfSEMUEESHetdbIGERTE|RE FEREBIIRd MRS RESEARO OIS TSHEE RSP, a
shutter assesmbly-dfatidaaspel fulhncloserd avaiserabit dsserafdycthaidiaegunotfully blaaknbutt where
an intensi% chan&e is.created in the electromagnetic energy IS aéfe‘ited may be equivalently used.
mponents, the electromagnetic energy remaming 1§ detected.  In adcordance with the varrous
embodiments, the detection of the electromagnetic energy is by way of a photo-acoustic detection
system, and in order to use the photo-acoustic detection system the electromagnetic energy 500 is
modulated at a frequency of acoustic resonance frequency of the detector (discussed more below).
In accordance with at least some embodiments the modulation assembly 508 is placed within the
optical path of the electromagnetic energy, and the modulation assembly 308 is responsible for
modulating the electromagnetic energy. While the modulation assembly 508 of Figure 5 is shown

in the optical path between the sample cell 504 and the detector assembly, the modulation assembly

508 may be placed at any location in the optical path (e.g., between the source assembly 500 and



[0059] Moreover, in some cases the modulation of the electromagnetic energy may take place at the
source assembly 500 (Figure 5), thus negating the need for a modulation assembly. For example, in
the case of th@soursesassembly 500 comprising a laser 600 (Figure 6), tIRCEE82It88iMAY be
operated in a pulsed fashion, with the frequency of the pulsations substantially matching the acoustic
resonant frequency of the chamber used in the detggtor assembly 512 (discussed more below). In
cases where the source assembly creates the electromagnetic energy by way of a filament-type
emitter, thicintendiycal e etectrdmhagnreticenargysendyibbevaried af@unogdUtakomdrdgtiemeyptizased on
the voltage/current.applied to t mitter. [0060] Returning briefly to Figure 5, the electromagnetic
energy 5% at%a%rrﬁlsssag@gét%%lﬁa% ﬁf%wééimple cell 504 and the modulation assembly 508 (if used) is then
incident UB8%6the Ideteettt sesemipgr Seotihdate tdaonreddeinblyss1obly 30 ordapridansthwie darious

embodiments is, A RAAIGIRROHStiS,deseetar (PAR. devie, Unlikselated At RAD dexices ihat fold the

sample fluid, as shown in Figure 5the sample cell 504 (which holds the sample fluid) and the detector

assemblyas 105 et diliterdts PR BhaEeidE8 R herd 45 bekeetbrtain iKRIdhe tembtiments

because thprRessinniefsuehd9\dses @ie Suhstangalle yralfagtas bynexpasteshdawnielehutter
temperatures, which may reach or exceed 450 Deﬁarees F. At the ex ec%%ﬁvgnhsglge tem 8%r‘?stures,

other dete B oRREL™ 1A ERA PR L R S Tt o BASE S SEFave

performageanthstieh devices arepperaplecatralind/orenviae, andmsewithberexpldinBgumor®)belew, the
fluid within the PAD device can be tailored tch the tituent compane f. interest in the
amale f RS B bR B IRLShle 600 MR SR e )
Figure 12tsivpas aldatertagnats by S542sirs docoglanpoeitiriat feadusiorsd émbodinehed. 1006

particular; the i) E'i?c}lz\éﬁagﬁtﬁ%%@?%g@%@ﬁ%%ﬁ% CRIPHRES ALaGySingdans 4 209 An WO
2012/005725PCT/US2010/041273 14 acoustic resonant chamber 1202, and a sensor 1204 coupled to

the acoustie feesuprmit Ehahidiethe 2iEtrpme st saraey dtabtaclkth arfb theb alav b SO REMR2ENEhIbAr 1202.
The resopaitghamber dA02 ihamiricimethalsiinasaspaled imemahmiumed Iharesdeeibe

electromagnetic energy to enter the resonant chamber 1202, at least a portion of the chamber 1202 is
substantiaNyPFRRspLr AR tHST8 I Bt Briory FEth a6 S5eNsAgtS B fsezen esiedfdarice with
at least spmecembadimeptswiae 168anatt ahiambardagR ihaetatizitignadhatideiinepesaaladuight

circular cylinder gas shown); however, other hﬂ@e for,the resanant chamber may. be equivalently
used. The%lﬁf:et‘?ﬁ Te\?o“ﬁjnr%igsoaf?ﬁé’arﬂeasgc{)%arﬂ C@a{m eeﬁefz@qeégg%?ﬁua ugﬁ%%gﬁ%gvoﬂr?g%fcﬁmuency. The
precise af@kistic regomahtelfreguenciukEfunctoblefitheshdpecintdimdtdimiensivhsdiardtthdracoustic

velocity of ?cglgéi{g %"M}E‘ ﬂ‘%h%%@.%dﬁ%iﬁ?‘ﬁ!%%i SeRNANRY RS, oHhe JgEm, ol ARy iingsical

tube with & 0S ndS such as'in Figure 12 has approximate resonant frequencies as given by the
equation: (Ppown in cross-section) coupled to a blocking member 1102. The left voice coil assembly 1100

and blocking member 1102 are shown in a retracted state, while the right voice coil assembly 1100
and blocking member 1102 are shown in an extended state, The voice coil assembly comprises a
magnet assembly 1104 having an annular groove 1006, Within the annular groove 1006 resides a
bobbin 1108 around which several turns of electrical conductor are wound (i.e., windings 1110).
Leads 1112 are electrically coupled to the windings, and electrical currents are induced in the
windings 1110. Electrical current flow in the windings 1110 creates a magnetic field that interacts
with the magnetic field of the magnet assembly 1104. Depending on the direction of current flow
forced through the windings, the bobbin 1108, and therefore the blocking assembly 1102, may
extend or retract. The voice coil assembly 1100 is placed within the optical path of the
electromagnetic energy. When the voice coil assembly 1100 is commanded to retract (such as by
command from the computer system 514 (Figure 5)), the electromagnetic energy propagates
unimpeded, as shown by arrow 1114, When the voice coil 1100 is commanded to extend,
electromagnetic energy is blocked by the blocking member 1102, as shown by arrow 1116, The

frequency at which the electromagnetic energy is blocked and then allowed to propagate is a design



(1) j 2L where f is a resonant frequency, v is the velocity of sound of the fluid in the tube, n is an odd
integer (i.e., 1, 3, 5,...), and L is the length of the tube. Thus, when localized pressure variations are
created withiwdrm ciastker 1202, the pressure variations propagate backmsridfsetinmgtizits the internal
volume, hi most cases, the pressure variations cancel; however, when pressure variations are created
at a resonant frequency of the chamber, standing pygssure waves are created within the internal
volume. In some embodiments the resonant frequency is designed and/selected to be 1000 Hertz or
less, and #fitarpariiedlan EasecdO@iciesthan belpend Q06 2chitsanher exeb ool hnedis cthrearesohigrit] 2

frequency, of the chamber 12 ay be controlled and/or cha %ﬂ or example, the resgnance _
freq uenc;}agf\%%s %y%%rﬁa%t?(l)%nw(zlz}) %}b%v:’é’ %ebcgséeesﬁ ol ngt%%i?/rlec]%élstr} 0 s}c%rrtl%l Olﬁqfﬁéé) %?1%}% ﬁe?aqlﬁ‘ﬁlgl in order
to tune thearedOfddwrfreglency of the chamber 1202 (e.g., to the chopping frequency of the modulation

assemblygdég%jntemgllggggﬁ%% L JepEra s PG GRAPRERr M LS CAITOHBE BRY BXATBRIE, the

chamber 1202 'may have one or more small diameter fingers fluidly coupled to the main chamber

1202. The@naperablyeléPtharfiursdithiluredivigef @rsiyetarmebmadsiies itroliaireivontrbic
temperatyie-anampiessureWihin theGhasmbrakid? B2n oG mAeiRIM e RedierDressie within

the chamber 1202 is illustrative of any mechanism to control temperature and/or pressure within the

chamber £8P @ Reelopalapergma it dhaniBEet BRI ABAN RIS TObBSF T HeRStk it Gith
various egbagimemnisidhadesaiized aresswesyasiatonspleadingitn e standingapreshiligéovaves within

tzhoellzn/ge(;gg‘li‘\é%%n%%%; %%g%?;% % 8 lgnﬁgree{sg'e%nobzlyatri?atc ﬁggéen%tb%ll\{fvgcsc, or a voice coil assembly

that does not fully block, but where an intensity change is created in the electromagnetic energy is
affected, may be equivalently used.

[0059] Moreover, in some cases the modulation of the electromagnetic energy may take place at
the source assembly 500 (Figure 5), thus negating the need for a medulation assembly. For
example, in the case of the source assembly 500 comprising a laser 600 (Figure 6), the laser itself
may be operated in a pulsed fashion, with the frequency of the pulsations substantially matching
the acoustic resonant frequency of the chamber used in the detector assembly 512 (discussed more
below). In cases where the source assembly creates the electromagnetic energy by way of a
filament-type emitter, the intensity of the electromagnetic energy may be varied at a modulation
frequency based on the voltage/current applied to the emitter.

[0060] Returning briefly to Figure 5, the electromagnetic energy 510 that passes through the
sample cell 504 and the modulation assembly 508 (if used) is then incident upon the detector
assembly 512, The detector assembly 512 in accordance with the various embodiments is a photo-
acoustic detector (PAD) device. Unlike related art PAD devices that hold the sample fluid, as
shown in Figure 5 the sample cell 504 (which holds the sample fluid) and the detector assembly
512 are distinct elements. PAD devices are used as detectors in the various embodiments because
the operation of such devices are substantially wnaffected by expected downhole temperatures,
which may reach or exceed 450 Degrees F. At the expected downhole temperatures, other
detection devices, particularly semiconductor based devices, have severely degraded performance,
if such devices are operable at all. Moreover, and as will be explained more below, the fluid within
the PAD device can be tailored to match the constituent components of interest in the sample fluid,
thus making the detection highly sensitive to constituent components of interest.

[0061] Figure 12 shows a detector assembly 512 in accordance with at least some embodiments.

In particular, the illustrative detector assembly of Figure 12 comprises a focusing lens 1200, an



the electromagnetic energy 510. In particular, in accordance with the various embodiments the
resonant chamber 1202 is filled with a detector fluid that has an electromagnetic absorption spectrum
that absorbsvélezirontatpietic energy in the range of wavelengths generat®dlihs#ieHdinte assembly
500 (Figure 5). When electromagnetic energy is incident upon the resonant chamber 1202, the
detector fluid within the resonant chamber 1202 abgprbs at least a portion of the electromagnetic
energy. The absorption results in an increase in molecular activity which manifests itself as a localized
increase iv@ressusendtecpimydn IHAdathit stectréAtdgreticénetgyantisdantapant teumbte (202

assemb'yﬂ(}%gés 58&‘? D oduiatad %E&G&@?Q&#%ﬂﬁt@?aqgﬁé}t fﬁ%ﬂ!’eﬂ?é’rgio%@%%&f 1493, the

periodic and localized pressure increases result in standing acoustic waves In the acoustic chamber

1202. Dusiinerpesidasdsfiinid wiakad Grestdriphensinnoides dedke ¢lettorasiayn ete oh ey gyiss thitident
upon the resanantichamberd20g. ihe:sianding Waves withindhertesananchamierdidshave greater

amplitude (i.e., the acoustic energy is greater). And during periods of time when the intensity of

modulateB&Ettsli shershetyhe inadRetisoritHB RS mbeR 12869 @t sl , Ahdeathidmg waves

within the-fesanashchaekeskad2nhavera retluceguamplibios (i file ReRdsiheragyrisyadeed).
[0064] Still referrigr? 0 Fi%lél’e 12, wr%ile in 1;so_ e cases t?e electromagnetic ene?ﬁ/ 510 igci nt upon
the detectt S48% ’o%f%’ A BeEste 8 OB SRARAT SO Bt B (RS SHRNE ChAmBE 1203 in
accordanaeewitih aiheast 8 dmecomhodinentier th202|eetramagnetic esergy Bdaeused Tha fomaigoint
within the_resonant chamber 1202. To that end. Figyre 12 shows_a focusing lens 1200 disposed

? %mca % fg]hl} V¥ c§ ac us?c

ﬁ%OU.StIC resonanfe Te ueﬂ.{fﬁ %:S a O C Shdape, Imniern THENRKTONS %6 10,
between the Incoming electromagnetic energy and the fesonant chamber 1202. The focusing lens

1200 direetirthiy ofebieofhadnetivie ey gshambefocibperriios avitiifnel yeterraieligmdosn ©f Help in
the Crea“Qih%%ﬁs&l%e%&v@l%w&?‘&%&h&éﬁt%%'Pﬁ {enes AsdIlstatacin FiguiR: Fadhsdrealspoint for
the lens 1200 is the center of the internal volume. However, other focal points may be equivalently
used, depriihy B ¢AEERAPe of the resonant chamber and/or the resonance mode. [0065] In
accordance with the various embodiments, thg,amplitude of the acoustic energy in the resonant
chamber is sensed as an indication of thelf)r_e nce and/or quantity of one more ddhstituent
components in the sample cell 504 (Figure 5). Sensing the amplitude of the acoustic energy is
illustrativelpesidiith hiesenabireauacsensb e 20Aosty e taienthahih fofitd. ifh Be b asésaréddor 1204
is a microphopeeeupled 10 theQuter swifass.af teneapRantitRamRer 1802 inAthgrCasasicRgNnsor
1204 is a pressure sensor coupled to the resonant chamber 1202 and in fluid communication with the
internal valGHEAHER R PresBumbeiubitiZibn LSyt SAEa0mh RRPEL LA MG R Y8 Snsed. In
yet still othesembediments e sersond 2oddsranaaceleromeait mokishsense ileuW Qriations
2012/005725PCT/US2010/041273 16 ac [stichen%r yas inute vibrations of the resonant ¢ amber
1202. OtH&F §’éeﬁ?gr§{ﬁ15‘§7%]éﬂg vz 8Cn¥l39 uged SR H5a dlﬁ%ﬂrzf‘%ﬂ“ﬁf“ngaf‘é? ?]ﬁgrzeoaeﬁec Hic Trahsducers,
voice coilisysteinglcapalitteensendodipeles testatio s fisgremyd Otscaldd tedacdnoal sy dte D0
(predete_rlﬁ{iarl;&dmlgngfgn%fig%eéa%%{ﬁ a\{y(r:gsr{,pﬁﬁ% ﬁr%noq_gcg)%ion of the cylinder, and a matching length of
w

fiber optic as a reference, and where minute expansion and contraction of the cylinder causes length
differencd§%he Wreppedribedivlettsté bysermduaianpiterfdhsndambend Hghmmpbetsentipddéngths).

[0066] Mapy ypriations ars:Ressible WQ&E@%@‘{P&}%&%%%?@&%&Mﬁ%&@fg%@é@B!@tﬁé’h”e the

detector assembly 512 Of'Fﬁ;‘rre 12 shows the electromagnetic energy interacting with the detector
fluid in a "SRG PAsOUnH Bt ErnBbeim ERES tHetBletHb s HEHTeSHary FreAus it efabe irmher
detector figighindhe resananhehanbakdeynaneplicaiyiesoRgeheysiem: sedihapthsure or
electromagnetic energy makes multiple passes through the detector fluid. Figure 13 shows a detector
assembIy‘%‘TEeWH’éfé’%ﬁEee‘fB%WB?ﬁgé%g?gcgﬁgf%\?%1 %seéﬁ@&% Setian efa{ggéﬁﬁaﬁﬁ%ﬁi@eré’ﬁectors
1300 andni3Zsutinihatihrefelect tdmdgnetipledecgyiconge ehierirg thedrediantbepwmeendhé deflectors,
oscillates hetweep, INg ! 1Le%tr°£§rasﬁ‘9et% thiotioh.the, detRdior fluid, i (e r&%&?@%%@ﬂ%&'&}%mz
multiple times. Such opticaf resonance. increases the amount of slectrom gnetic energy a Sorbed by
the detectwitifinidheanththors ifkiidasesntrdlmgoigsticehergyndienpeeswithivithie tbschambend?2fiBet and
increasesihe, AN 19, RERSEHERARAS L IRATQUSIEAIR WAL DY WRAHEAPLRRSQIPIAN of ¢,
electromagnetic energy’in the sample cell 504. Parabolic reflectors used to create the optical
resonancE&&rEh B thstrdiveber B sydidmitichlere the electromagnetic energy is directed through

the detect@bujd MuUlipledtinge Svieh GrardyeY SHRIB I BIRAN SHANIHQNIS CIGRANS BeTias R 1eRtIEaNY parallel
paths through the detector fluid). [0067] Further still, while having a resonant chs ber 1202 iE the form
S

of a right SFEHIRF YIS T ¥EhVERED to ek Y AHE Bt TG T BUBbRb tes B aRtdkettency of
the internal volume of the right circular cylinder is a straightforward process, the resonant chamber
1202 is not limited to such a shape. Figure 14A shows a detector assembly 512 in accordance with
alternative embodiments. In particular, Figure 14A shows the resonant chamber 1402 that defines an
elliptical cross-section (Le., egg shaped). Much like the cylindrical resonant chamber 1202 of Figure
12, at least a portion of the elliptical resonant chamber 1402 is substantially transparent to

electromagnetic energy at the wavelengths of interest. In accordance with at least some embodiments,
thea reconant chamber 14072 ic conctriicted of Adriarty The internal voliime of the reconant chamhber



WO 2012/005725PCT/US2010/041273 17 [0068] The resonant chamber 1402 is filled with a detector
fluid that has an electromagnetic absorption spectrum that absorbs electromagnetic energy in the
range of wawélergtijeherated by the source assembly 500 (Figure 5). WiHgdsIe¥tdATAgnetic
energy is incident upon the resonant chamber 1402, the detector fluid within the resonant chamber
1402 absorbs at least a portion of the electromagnetic energy. The absorption results in an increase in
molecular activity which manifests itself as a localized increase in pressure leading to standing
acoustic wavdsctAmistiatesigyFidire i 4Artinndecordenod awith wilfe st somesemibodimatidithe

electromaanelt il sured e (R6ALPAIRLIINA e sARal Shamhier 4402 andk i aarticular

embodiments point of the electromagnetic energy is a foci 1.404 of the elliptical volume.
Focusingsrstaliactrenabgmbtielesievgyers et ineiessel savslavaoeinadeddindhe epssoer
1402 to the.glagyompanghic %erw@%mm%m@ eyl systenednepersepsitive W hiladieure 14A

shows only a "single pass" interaction between the electromaﬁ?rg)etic ener%y, acoustic resonance

system are@sdheotietssiplateiiwitiine Biptiearre SHARBE tHafb aPseat dhlaste iR ERABWA 15 as not
to unduly gemplicatedbefiguse. [A0699Mswith atherembedimenisthe ampliude afivie;asalstic
energy in the resopant chamber %04 is sensed as an ipdication of.trhe t‘l,rl)rtes}(_ent(r:e of one more
constitueMATHoREHESA IREAUAR P CaIF aB A ER e BTCRERIhEHE Bah StrtEEBElE A dbTRYic
energy mayibenwayofenissuitabledaicd icduplbektonthénintterionisustaostofthenras trgutrcliamber

1404 in the fashion di sed abgve with the respect to.resonant chamber 1. igur ;-nowever,
i b e e S e

406 may be placed within the
internal vélameywtid miorehoariiéiiarlylaring fsciods tihé Emsticdiorol2imcoppssiiéytd Iowstidedhere

the electromagneticanergy s foskaed: Plasing e sensaLhA06 abshe.lacimay Nereasathessensitivity

of the sensor to acoustic energy within the elliptical internal volume, thus making the overall system
more sensSRRENOTROPEIGLAE esesaisier fuetieds rags IR yOB18e i AsER0 8 ST Rith S 8 durther
alternativg smRogingatswiRPaliGrlak s ourenbdR S0P Wis A sHassrarRCtinnal sle vatiemyigwotibe
resonant chamber 1424 that defineﬁs a parabolic,cros -section %aorthiog 1 26)@6 h a flat sqf[fac 1428
sealing tHHBPEON L4786 IRATEH K (HRHR SRCET FELORARE CREER S 138551 é.}?g"iﬁ% 1658t a

portion ofdhphiegeiantdahambsaiclkhdisiswdstadfially transparent to electromagnetic energy at the

Wavelengq(? interest,.and in same embodiments at least the sealing portion 1428 is substantially
transpareL .?Er‘i{ac%egrdrg%%%'n\%ifﬁsg eas s'c‘)wmle@elrr}] %%?rﬁ%sﬁ’?stt,ﬂmé tf%é%% ‘%%ﬁé%%%’( ﬁ(gﬂ]%ls&g&
constructedafthe detzc@hessaterhal b lnayerofmbe s esohgmtohanben vi it essrantabondtic ¥adbnant

WO 2012{1(1) %%Z&EQQJ 4%%&229119&4&%?@ éjngbodiments the electromagnetic energy is focused to a focal

point within the resonant chamber 1202. To that end, Figare 12 shows a focusing lens 1200
disposed between the incoming clectromagnetic energy 510 and the resonant chamber 1202. The
focusing lens 1200 directs the electromagnetic energy to a focal point 1206 within the internal
diameter, to help in the creation of pressure waves within the internal volume. As illustrated in
Figure 12, the focal point for the lens 1200 is the center of the internal volume. However, other
focal points may be equivalently used, depending on the shape of the resonant chamber and/or the
resonance mode.

[0065] In accordance with the various embodiments, the amplitude of the acoustic energy in the
resonant chamber is sensed as an indication of the presence and/or quantity of one more consttuent
components in the sample cell 504 (Figure 5). Sensing the amplitude of the accustic energy is
illustratively shown by sensor 1204. Sensor 1204 could take many forms. In some cases, sensor
1204 is a microphone coupled to the outer surface of the resonant chamber 1202. In other cases,
sensor 1204 is a pressure sensor coupled to the resonant chamber 1202 and in fluid communication
with the internal volume such that pressure fluctuations associated with the acoustic energy may be

sensed. In yet stll other embodiments, the sensor 1204 is an accelerometer which senses the



frequency. The precise acoustic resonance frequency is a function of the shape, internal dimensions,
and the acoustic velocity of the fluid within the chamber. [0071] The resonant chamber 1424 is filled
with a detecOfRdid/théizhas an electromagnetic absorption spectrum that&B8évBa @éTdmagnetic
energy in the range of wavelengths generated by the source assembly 500 (Figure 5). The detector
fluid within the resonant chamber 1424 absorbs at lgast a portion of the electromagnetic energy. The
absorption results in an increase in molecular activity which manifests itself as a localized increase in
pressure feauitiy tosanaingiacwusiivavenve of Abdliystrateddhemibrrd 24B, thocerdaneenwittbat least
some em ﬁg@gﬁ the £legomagnalic LRGN IBRCHRSAIRAI0GRRANELAI0VADI theLggonant

chamber by the portion 1426 itself. In other cases, the electromagnetic energy may be focused
by an extePifyeUsIHg e SECraadmisIR elastribal HEsE sy jricethe el sy et desdhsehnsitivity
of the resgmzr]mam%ﬁsea%uma%&l@&ﬁr@m@gr@lﬁ&ﬁe&g&Mﬁdﬁ@@im&gm@ sverll system more

sensitive. [0072] As with other embodiments, the ampljtude, of the acoustic energy in the resonant
chamber FASENE seHEWBeAs B e RRBHOG b SSRYES R VB el CBREHIBHP BHFHBIERE in the
sample celb504pgeRk&ensng hesampliiudeehtbe teuzlic RRargy maydagtay of any suitable
device co Iée tothe exterior surface of the resonant chamber 1404 Agsgg?eb ashion discussed above
with the r t t0 T88orant chaMbd i (Iglgurfgpfﬁs;%oﬁeveeﬁc N & par icular émbodiment, and as
illustratedvihifeighur ectetByrsensobli4832 wialyipegpldced withia thetotengadvokmrey andracong pattticularly
at the focal peint 1430.0f the.parabolic.porti 4 2lacing.qth | | point may
morease I b e S s s

making theibvéradiesipsee i orchseresitivat [hemdpin Aideasnsurvieabyriserlime Arsienesseh St B¥sembly

316 will ba&a%%%&ﬁg%a}ggi N2RQtOMORIe psemialeA2 @t aidiling @peration.£os thatweason, the

sensor assembly 316 may eXperience or be subject to vibration from any of variety of downhole
sources. FHEBratRIAbRIaY 2tV BB HEeEORAEIRES RSN 34 C0IREHI th BBt AOR O BB stic
energy withidbe resonant chamber ofihsdateatonassemndiydl 2odtastaidamee mitbnatdeashsome
embodiments, the acousti en&r%% of the r%ﬁgnanté%imbe IS sgintsged in syq(l;lla.gvaly S to redlthe the
effect of Vi AETT R0 Qi HIE" PSS SF RS ERITSIRAREHS B BeHBH S JLUSHEHSHEI REW of an
illustrativeliightbceirflameylintte tingson&mtic batiblerei@02cSinperasep abe cronuthiecfesoramtgnaticber
1202 is a coordinate system, (in.dashed.lines) comprising, distance D yerti d pressu
horizontaﬁ?/.e@ﬁ(?ev;;’r? %%Cﬁtéﬁrqv?/%tﬁﬁ}etﬁ%ri%]%ﬁg%’ gcc)l%]l me Q?&%%%%ebpar%%uss\é?egv%% fgfrfr]rf%séa a%%gh %éiﬂ(?taion of
distance Beseithin thanbieendlivotmse heEDiRbY theanscl changenie Atal siamaingyacosmstiivavecsor

example, Jf, W 2PdZi0d k]! U&g,;l%%}@%%&mﬁp el 59K RAresseWitiRthR internal

volume 1500 at point 1502, for a standing wave within the internal volume 1500 no pressure changes
would be 2i#atsemnas R (Merely nbyslahe surdvadath ipagates past ometse eptfgthés
superposigia-@fi the.appasitehetisy g MaNsR BssteR, & Rodeh bikauvisenifonecaild iseaethe
pressure within the internal vQIumeugoﬁ%aé‘point 504, for a standing wave within the internal volume
1500 pre<ERRISHIn eI PHS TR GAHvRNEHEbe seen at point 1504 (L e., an antinode). [0074]
Thus, in ST EMbadinenls thalabodsiic anengyt withibdhiitesnad vatmwmea kb0 isstnsstinder
differentially. Thgt.is,ittt\zv%rs\etgsorg &306 lanr}g ]thSC%qlestycsl%d as a tgiffggggti%hs:genisn rrlrl)ﬁti%g)n% %?nsor
1506 is plza‘{cceo&‘é"tngz irst ahtino e, and the S&cond sensor 1508 is %‘i‘ace a second antinode (o
opposite Pivasehtelatidastiphidant therswhtoupatamsetss. (barcressohembecdRikatiom)t isdigtétmined as
the differees RELERn e padings asahawa i the.osian Mack Lt dhe.cliprentahdejection

system is less sensitive to Vibration because vibration tends to affect each sensor 1506, 1508 in the
same phagiehedimionshlp rraicaleanharcchisiders fipraernssberbes IfiSthiedebyaima eBptcBoth
sensors 1586,apd;:dp08 wilbfeelhdine shegkindhe samaskizeationaNanevsE: hecauseithefinaksignal is

the mathematical subtraction of the two readings, the vibration is effectively removed from final
reading. AStatiorPriBratin/éhJekRiGRh tre0aRte P BiaL ShBe tteSPTHE LIRS JFA1BBE 1 508) may
not be rersryeenMstbecdiferential systenmvdianarenithaasiousiemhodineets\iel wagystems where
the additio_n% sensor s%t,s, gistribtut_%pl b)ouht&e resonant c arinber are sed,tyvh reoﬁlt Iea&t one set of
sensors AR SEHEEE S HE8 ergy Withim resonant ghar{ﬁlﬁeroasq‘éagﬁ‘ferenetiéq (ﬁrélﬁ that 15 overall less
sensitive tesvibnatehamistiont02 has an acoustic resonant frequency. The precise acoustic resonance

frequency is a function of the shape, internal dimensions, and the acoustic velocity of the fluid

within the chamber,



[0075] Returning to Figure 5, a sensor system 316 in accordance with the various embodiments
derives increased sensitivity by a relationship between the one or more constituent components in the
sample cell and 1e/oetestor fluid in the resonant chamber of the detectorP$S8ERIBIY/BIZI3In particular,
the detector fluid in the resonant chamber of the detector assembly 512 is selected to be related, in an
electromagnetic energy absorption sense, to the one more constituent components. More precisely,
the detector fluid in the resonant chamber of the detector assembly 512 has an absorption spectrum
(e.g., Fig0aos] thahevertapst witinthe d4@20r fided cotistitdetstcorfipohéntshin sorlecombaninents the
detector fyd NG IECON PO SRRIRORERHIME AME, (RDFEL.GRANE Gl ARAR R ABIRA B! (he

1 y O heflui

sensor syste s used to de'ggct’ the preserice and/or‘quantit methane in‘t d sample in the
sample céik30urEirattbnASHERthE: e WterReRiiaIaNei ESaRaHt BRI (he HREpBatSr

assembly. gomprisesmethang:Ruiingnatieds ot dmecvhendhe fividsamrieirdhe pampiecalt 504

contains low amounts of methane, the infrared wavelengths of the electromagnetic energy 506 that
passes tHHSEEPIABISHMBIE 84! SHRCWHISARBOBO IG5 72 8P CRILEED 6A ORSACSHET 8- LEIpIEEL greater
intensity ohwavelengtiisdhat mre@kaorheskby methang. Tbaialgcisoragngtiaeneigy-nles.510s
impinging upon the resonant chamber of the detector assembly 512 will thus comprise greater
intensity OF SRR AL %‘thgﬁflst NSRS tHAR st t?\tlg"’r%sétﬁ%nn}/% f’ﬁ%oéhrr@%%tﬁatr% c%%crtﬁ gel? %ﬁ?"ébsorb a
more enesgyrethlsSqiedd eingfecdustic végomarceswvitinacpartten b2 nuplitidenr{ROET Rbotiggesiods of
time when the fluid sample in,the sample cell 504 contaj jgh amaunts. af methan  infrared
Waveleng%ﬁ@s{agir Bogﬁegﬁlgr%gﬁ%?%& rl? (é%f/a 508 that ?)%:érs%(sg%%}?o%la %eﬂé%r‘ﬁplue@bgél%éggﬁl{%m prises
lesser intehsitpohgatielongeidattat drel abaoibendsy m@qﬁaﬁé,%ébaqs@mmélﬁmh@s@%ﬁe_réﬁ_gths
are absorled By, InfMELRADS. '&ﬁbﬁﬂk&@?ﬁﬁm@@mﬁ%@éﬁﬁ@mmwwm 06,5 10ArRinging

ec

upon the resonant’chamber of the detector assembly 512 will thus comprise a lesser intensity of such
wavelengthty ThEngetPishe e PSR c RS RIS EF WIS a BRI Sl B A REfEeEVEY ABut
because lgss QfsiahiaReh hihgimave Roaths Bakisahsorbes by mathanmwilbaRieseatithe
acoustic resonance produced will have lower amplitude than the case of no methane in the fluid
sample. WVRHSAGHYE SEME electromagnetic energy that are not substantially absorbed by the
detector flgighthusdonot abattbbtelindhe, cieatighindani ditudewsfiacnirgticrethe igyoirnthehresenant
chamber.{lé S, the dgtector Cs:agjrgr?lg/f 12 cr:&nenn%toc%%lxedi%}n uish the presence of. a particular
constituent orﬁﬁ”gﬁseent;’zi%atﬂén i sample (%a‘se on a reduction’in % e amforlﬁuofe of acou"stlcpenergy in
the resoneit Sharmibenwe Bt thendete toraaggdendslp bR eapvstisograntifiyhes amgurt afconstitaent
Compo“695&%%%%95%%@@9@%9&%&Q%{@Mg&m e APIHEE of 18 ACAURLS. QP8 1BY[0078]

Detecting a constituent component being methane by use of methane in the resonant chamber is
merely illusiiathrereantptdp Jevarien HrebastiRiert BHTpbrehtsavay Beedtartersscabriimetisadany of a
variety of gdetagtosfuids mapbemsed kerexannle. R nerdimitee lishofaensiituentromponents for
which the presence and/or quantity may be tested comprise any constituent of a hydrocarbons within a
reservoir, EEAREI e Larhoh BroxtHRUTATIONRS SHRQHE HRopARECBITRE, BERECBARY and
hydrogen sigtfidas Koreayeridbiaconsitisent companrefis faamhictutests sresttivitnaitiprevide, directly
or indirectly, other quality ar ecopomic viahility infogrmation, sych as the relative presence of saturates,
aromatics VA IHER TR T TR I CEAA T (0t SR s R e
constituentogativoonents of the fluid sample are of interest, multiple resonant chambers may be used.
Figure 16 s g.detect mb 2C 1S] pluxality. of resanant chambers,{g.patticular,
@?Z@ﬁ@%‘ﬁéﬁﬁé& i E%étgéx%r a%@é%%#ﬂﬁi‘l W a% s 13

the detec Figure 16 has three resonant chambers 1202 in parallel (and a fourth
resonant ehkedeen40miputissias AigrechBSnEech FESEamHiceRhrADEHReVIRSe HabstEshtPlens

1200. The glagiteNaaneicentIgy pbRI@RE S ction (portion 1426) with a flat surface 1428 sealing
the portion 1426. Much like the cylindrical resonant chamber 1202 of Figure 12, at least a portion
of the resonant chamber 1424 is substantially transparent to electromagnetic energy at the
wavelengths of interest, and in some embodiments at least the sealing portion 1428 is substantially
transparent. In accordance with at least some embodiments, the resonant chamber 1424 is

constructed of guartz, The internal volume of the resonant chamber 1424 has an acoustic resonant



WO 20121005725PCT/US20101041273 21 the detector assembly 512 encounters a beam splitter
1600. The portion of the electromagnetic energy that passes through the beam splitter 1600 impinges
upon resonawichiamiasr25202A through lens 1200A. The portion of the el@stismsagnsticenergy that is
reflected by the beam splitter 1.600 is directed to a second beam splitter 1602. The portion of the
electromagnetic energy that passes through the begm splitter 1.602 impinges upon resonant chamber
1202B through lens 1200B. The portion of the electromagnetic energy that is reflected by the beam
splitter 16@2jisdiyectatidopminer 16@4tiwhishrdirectédglmalectranfagnatic ehargystethe irvsanant

chamber 1.202C through,lens 1200C. [0080Q], Each of t c%a bers 1202 in Figure 16 may have a
different detector Huid. ](])Lr Zécfgéiﬁlxe%?éls%r?%ﬁ%zﬁlgé ]egr%fé %%%%ﬁfﬁ'contain carbon dioxide, resonant

chamber (08028 créhﬂdrwmmihmh@m&%rié féb@n&ﬁhoﬁéﬁﬁﬁé@ﬂ@ﬁiﬁ(ﬁ@émﬁ aonedgptsuRgnelicxide. _
Thus, resﬁ%ﬂ}t&lﬁ%ﬂ&%%&%ﬂﬁ&ﬁ{%@%%@%@%'y&}%%@@}ﬂ@_ a(@gigagﬂg chambars1202B is

particularly sensitive to methane, and resonant chamber1202C is particularly sensitive to sulfur
dioxide. Heswveweie issembla 4R Ab eIl stidsves Sairi Fig e in M pesengst sRymiaid fof shierds
compoungsesHchpasibydoae aisiiigaelhrt dsethe delestosuishnresttiathadhe samerictityr

constituent component in some embodiments; rather, the detector fluid can merePl%‘ have an absorption
cpoctrum IS SRS TGS AERbAStbr SR BF e BoRSRUE S B e o8Pt
referring t@alvigureAd jpmipacdimanBgith mBltiple detediacass@mblidsaarenat lispitediiadesahant

chambers n paralil.n paticulep, i some embodimerisdhe fesopantchambers may e plaged in
series su€lfthat erectiomagmetic energy that passes through one chamber nidy then bé incident on
another resaimant ¢2amisst. In Bhared6s. dlectiontagnetictenargy thatpdssEsithnd dyheresdomat

chamber 42020, ma. (hendy diracled {36000 589030t EhaNbeA ORISR Esbeganan

chamber 1202A"may be configured for detection with réspect to a first’constituent component (or first
grouping BhepHstithambeoriPdnEntsy, alsetipaaesebnEresyndhecHzaRber he 4y oAl HEeanfigited for a
detection yithg&espect to a second constituent component (or second grouping of constituent
components). &0082] So as not to unduly complicate gaining an understanding of the various
embodimEMt&kne/ Histutihe datbodsP it cienatsel 1 TRt rvess e e sgR B ent
(e.g., methanessGarhan diexica)cddowevek Haanerdanae athecamhodimenipotbadeteaicndyid within
a particular resonant chamber may be a mixture of fluids, For example, in some e bodimen%?1 where
the preschik SFbIRARE, eVSR S SRS S S AR STORY ST 278 o iRtRral e
detector flisidcnayopintainimetiaine antiethfithe. ivotarlyhailitdrd #éthahe asideetiamesiyd rbsponsive
to methang, ']%?h ne i g‘e fuipl sample, By PReinane eiiaRG. Ot NG, SN BINAUAR MRV PG AProxY
: S ¢ er 1 ; er, L,

WO 2012J005 S5 EBES 20T TN 5 R mep

as illustrated in Figure 14B, sensor 1432 may be placed within the internal volume, and more

particularly at the focal point 1430 of the parabolic portion 1426. Placing the sensor 1406 at the

focal point may increase the sensitivity of the sensor to acoustic energy within the elliptical internal

volume, thus making the overall system more sensitive.

[0073] In at least some embodiments the sensor assembly 316 will be used in a tool within a

bottomhole assembly 102 of a drilling operation. For that reason, the sensor assembly 316 may

experience or be subject to vibration from any of variety of downhole sources. The vibration may,

in some cases, manifest itself as noise in the detection of the acoustic energy within the resonant

chamber of the detector assembly 512. In accordance with at least some embodiments, the acoustic

energy of the resonant chamber is sensed in such a way as to reduce the effect of vibration through

the use of differential detection. Figure 15 show cross-sectional view of an illustrative right

circular cylinder resonant chamber 1202. Swuperimposed on the resonant chamber 1202 is a

coordinate system (in dashed lines) comprising distance D vertically, and pressure P horizontaily.

Shown plotted within the internal volume 1500 are pressure waveforms as a function of distance D

within the internal volume 1500 for the n=1 fundamental standing acoustic wave. For example, if



for other higher order hydrocarbons in the fluid sample. As another example, in cases where
constituent components of carbon dioxide and water are of interest in the fluid sample, a resonant
chamber maywoaniawvsvater vapor and carbon dioxide. [0083] The detect@cagseamiphys473 in
accordance with the various embodiments is thus "tuned" to one or more constituent components
based on the selection of the detector fluid. It is the,;gbsorption by the detector fluid, with the detector
fluid having an electromagnetic absorption spectrum that is the same or that overlaps with the one or
more consttusnicosaponenissthat piovidas inciaalsec aeadifivity: Byioonitastosenerdiaiadast
devices use,solid black-body absqrbers within the acoustic resgnant chambe .,.carbon hlack), with
et R Sk e e R S S e e
diaphragripissoonwerted o peate wivicpotheH 8le hte o satizedsieompdrdrpringrdadesy dmg waves
corresponding. REsSUIR INGraases, i sHEbaYsiams the Rlackiodwabarrhriswithin e chgmper

absorb substantially all incident electromagnetic energy, regardless of wavelength. The fluid within the
chamber PoRtrisOtedtitasanding sbsorlionhtmbrese ¥ thuassoyiinyest e tnaanyramiRerdeist to

electromagpgtic. ensidih-hesensiivitsta changesdndatgnsity of electromagnetic energy in particular
wavelength is masked by the broadband absorption. Thus, detector assemblies 512 in accordance

with the VIAGHS elfedimsRRenIRbRHIEI dheafrorr b <BrEb T dMtR S dRFSRh gARRE ey by the
detector fluigded dirpdsmnaigioctahasse mblies desnoingsengol ih R ackubaryseletirormagneticangigy

absorption devices within the resonant chamhers, Substantially all the el magnetic radiatign is
bsorbectly (G TR LB, HLREO0AAT e JENBOL oo G GSAgba0 1S oot S8 Sesumed
that the_ e@&m@a&gﬁqﬁ@émp@wpm}a@g&tﬁp)ﬁrmﬁ ﬁiasmﬁe@@wmm@astr@bm&@:(é,aqddeaﬂt)p@ith
directivity hased mirtors ARgHng, of SIahL. %"-&ﬁ%&&m?s?%&%ﬂ%%‘_:ﬁyv‘{ﬁg ¥&Lail |ibar §sapodipents the

electromagnetic energy may propagate from place to place within optical fibers. Returning again to
Figure 5, ifizeuoilatrsectiith sabtanss dorneceribsdimebistipe Dendots Shagew okthe wlectrehvaghetic
energy 5Qg, 2085640 %@y heugdiresied, U iesaestive.PRIGRIfID &S fRk eXamRlsnamhaRtical fiber

550 (or bundle of optical fibers) may transfer the electromagnetic energy from the source assembly
500 to thelbiie B0 2k elbscan BplEd ABEr58% Yol ERHITFOPA HCR RIS ARSfer the
electromagretiereperandiamihe sanmple eehbidiibe noduatianoasembiya0es Futhamsammoptical
fiber 554 (or hundle of optical fibers) may fransfer the electromagnetic energy from the modulation
ascembly SO 10 SRRt HSe N A E (ORBI AP A T VB SANGhONE: S e,
optical fibeswiay lde: thasvrch#Misht i) whichdhbeetectvoaddgn dtic dfiergyiid comreyadvinterthbe
resonant ghamber gLe detedior assembly. WO.2H2I00R725P CTUS210/04IR TR 23512 vand by
which interaction between the fluid within the resonant c amber ang the ei’ectromagnetlc energy is
facilitatedrehopatticiimbarigare st shbws af dresisonectibvilselsvstiom vievcofussbremgevaimiver 1702

in accordanee with abiRast Some cRECHPSRLS: IRihe RACtCHRE RRPeimeN g .glectromagnetic

energy that passes through the sample cell 504 (Figure 5) is conveyed to the resonant chamber 1702
by opticalliEH 1784 RB SRl bt Ry eRatjdelh e aRgrErPYEcRcorHISEE SBIBAYITHE optical
fiber passegiiptoithednteraakyohems b A94ieh the ebarshent M2 dhmseisianaRwitbiesents n

embodiments, the optjcal fiber 1704 within the internal volume 170 s a subwavelength-diameter .
taper portish SERREfSth ARt fReeigabmg Wa@‘bé%ﬁ%#?féﬁkfsm tLFé;, qﬁ?%?&é‘ﬁ?ﬁ”ﬁ%tgiﬁ :Irboating

has beenpatiatad i dowios: 1H0Binahd therdiardetmbef ditical-ibesrmadatdmslbis(stietteasdpepulling

the fiber while peating the Rorlion &9 be tapsred The diamesar.of e taperporion 1,708 s gss than
the waveleng ’oPeﬁectromagrl%[hc ener&/ of interest, and’in some embodiments the diameter of the
taper portdord 7e8isH0 e ksGrtanOmidtar sh oSt ot ClBnimcdnd): Bdectry asgmbtic Eiehgy flowing

through t%g&gﬁéﬁ%&?&% %é.eg@g%éf@ ightwconcepy aer ppicaLisld .t sdRArs RAHARH Of:

Moreover, givén the relationship between the wavelength of the electromagnetic energy and the
diameter s HBREENINE ftdplectapbyig sRsoRecrrsifraierpersalgh Sticsemérgy tends to propagate
outside thgyprtjcat fikelcyetdastilldiractadydieontisaldibensSuch-pieragation medadnaydhe

referred to as an evanescent field. . . )
quantity of methane 1n the fluid sample in the sample cell 504, Purther consider that the detector

flnid in the resonant chamber of the detector assembly comprises methane. During periods of time
when the fluid sample in the sample cell 504 contains Jow amounts of methane, the infrared

wavelengths of the electromagnetic energy 506 that passes through the sample cell 504 will



[0086] In accordance with the embodiments of Figure 17, the electromagnetic energy interacts with the
fluid inside the chamber 1702 at the taper portion 1708. That is, fluid inside the chamber 1702 absorbs
particular wavelewngths 126 discussed above) which creates localized areCoflilixradEaepressure that
in turn create standing waves based on the modulation frequency of the electromagnetic energy. As
illustrated, the taper portion 1708 may reside at a ngde of the chamber 1702. Though not specifically
shown, when the optical fiber is used with chambers having a focal point (e.g., sealed parabolic
chamber)comfosicéeggratelliptios chaimiedictizthtaper pertibsoh D8 mastrasidelat thiedocalapoitit or foci.
[0087] In some P%b ' S, I [ ihe 4 rminat rti ut as
shown thgné%’cz |b%e(it§:non hnl.%é%gpgagséﬁﬁgt%bsrg%%%r%%ar;ﬁ}%é%éq&% g?]%%é%‘?b)%%g%ﬁt%% g:L%%O ﬁ.%\%en the
optical fibemerigaestantbisitae spdrtisnclaedishd &dews ihaghateasemstens Betbidoighan as
making 2 singier RASSHRPHAR EHHY Idhe-chRMDeEd AT HBEVEiR QIR emPadimeREs using

optical fiber an optically resonant structure may be created using a mirror 1712 on the distal end of the
optical fibd07lon& Wit PpsipAsr A7 T2 R Sivs BIEt RGBS FERgiF 16 HaddH renAtes ahiple cell
to the chagbestd #W2-substaniirlhuaisapededelectiemag neticrenesgyin QUG efbeVWKA: passes
2012/005725PCT/US2010/041 24 1o the right across the mirror 1714), but which reflect
clectromAGTREE Do SEgtth s LI aTE HER 7 EIE A R R e eREy ing rgh
to left in thedigurhechbusimoncef dectromaignetic enatgyrbaidrg thenpaitioninfiihd:0ptealpliberlizetween
the mirrorg 1714 and 1710, th propagates back and forth.through the taper portion 1708 until
the energ‘ée&%%%%esﬁ e?ﬁ?,ﬁfr“{ o@éézsrsﬁ\%/vl ﬁg&i%egﬁlﬁaeor’}a@reigg Sor Cehél %ye?h%ftﬁlﬁeldsln{’%ércsg’r%}bleyr 1706.
[0088] Stifilfediriguo d@gtgri@q?,lﬁseenﬁm@rgtwqusanl@l Vi1gcagshmerey m@hﬁ@z&v@ dhanysepstem
which foregs{B: SRf"aMAGREHS CIRBASEASIARRLD (BrAMRLAM) e ORicaldiPenippass [he taper

portion 1708 multiple times. Other systems may be equivalently used. For example, aToop of optical
fiber may W& deagted hihrehratiedpyp asseenialidis hiestiterig) AoRie LFoRneharaHerd a'Bbrtion of

the loop hasdhevapempatian d4P8nEleclr@nagnatiG.anergyvay.e caipnled o thaloan fsorman
optical fiber carrying the electromagnetic energy that passes through the sample cell (e.g., the
coupling B AIPEEREKCSATESUBIENS RS, BReEEN Ghagheile M dif LB UG 1B h&TolfY, the
energy prapagatestardknddhiipop amtildhe efexgydiscabsogyen iyethadhic ehaigsipatesus) the losses
of the optical fiber loop. [0089] Figure 18 shows. ethod in accordance, with at.Jeast some
e TSR at b i ok A0 e ottt e e, B smgnetic
energy with GenvBviel esagphid rﬂthsadnm_mdeﬁ@gﬁi@n (ol dlok 4189129;@ relctingyshe alergmmagﬂeﬁmm&y into
a fluid S%ﬁ&ﬁé&ﬁ%éﬁ%&&%%_@s@%l%ﬁ'@&ﬁrmqgﬁw&%r%m srednlationfegygngy, (block

1806); directing the electromagnetic energy that passes through the fluid sample to a first resonant

chamber, (figefirer tesBaaptederh BerplsEen A Sistendson ahtagtiehe PatiBstantially equal to the

modulatiogdrgguansydhiock 808k absomhirgat lsast aRartienaf the sfeciamacietec eRRkanbdY a
detector fluid within the first resonant chamber (block 1810); detecting acoustic energy within the first

resonant EPATRERN BSER 181510560 AR hANHFY RFSes SR SAPESRTEE TR B tHderirsaniple

based onithesacousticoenergpanitbindhecfinstragonant chamber (Rloek:hgld) aThersafter the siethod
ends (block 1816). [0090 Fi%ur 19 ih%W a method in ?cordrar%ﬁe with at Ieta_§tdsome embodiments.
In particuffa‘i’f,lsttﬂ‘%e TehRBR Yy %?8*00 80 5)'611-?1r S{p%(“ceaé} 5:%%“Wlﬁgnéaﬂw stésrﬁplec??n H an Carth
formation_dmt@;iaztxnobﬂlﬂhyésidmbomﬁh?hl@borehqleithatquemtes ¢mcafaﬁihxﬁ(_dmmﬁmnn(<blm902) 5
propagating clectramagnelic, encray nig, e Al samele. (Npsk908) direeling (s slegtrmagnetic
energy th b exits flul sa;r)'npe Into a first resonant chamber, the first resonant chamber has an acoustic
resonant frétplieivsls viithifHthenfiss tresiskatiiehayn beryBisek ooy absdibing 4c08a8ta pukibly of the
electromagnetic energwbuaretesiordpidwitbinitha firstresopant chamhen e ahaription ergates

acoustic energy in the first resonant chamber (block 1908); and detecting amplitude of
fluid sample.

[6079] In some cases, where muitiple constituent components of the fluid sample are of interest,
multiple resonant chambers may be used. Figure 16 shows a detector assembly 512 comprising a
plurality of resonant chambers. In particular, the detector assembly 512 of Figure 16 has three
resonant chambers 1202 in parallel (and a fourth resonant chamber 1640 discussed more below).

Each resonant chamber likewise has its own lens 1200. The electromagnetic energy 510 that enters



WO 2012/005725PCT/US2010/041273 25 acoustic energy within the first resonant chamber, the
amplitude of the acoustic energy proportional to concentration of a first constituent component in the
fluid samplevislaekz0930%. Thereafter, the method ends (block 1912). [O0FPLITTHEEBEYE Biscussion is
meant to be illustrative of the principles and various embodiments of the present invention. Numerous
variations and modifications will become apparent @ those skilled in the art once the above disclosure
is fully appreciated. Moreover, while the various embodiments shows directing the electromagnetic
energy byhwaytaftonisssesibliydSalgmmentein otikemespbiodinféils e elettwombgreticctergynetay be
optically ¢ I i ' SU ism, ical-pipes. it is intended
hat the 1aT e L B B BTt gP
2012/005F725 0N Sheo poroan o hogaciramesetic energy that is reflected by the beam splitter 1600 is

directed to a second beam splitter 1602, The portion of the electromagnetic energy that passes
through the beam splitter 1602 impinges upon resonant chamber 1202B through lens 1200B. The
portion of the electromagnetic energy that is reflected by the beam splitter 1602 is directed to
mirror 1604, which directed the electromagnetic energy to the resonant chamber 1202C through
lens 1200C.

[06080] Each of the chambers 1202 in Figure 16 may have a different detector fluid. For
example, resonant chamber 1202A could contain carbon dioxide, resonant chamber 1202B could
contain methane, and resonant chamber 1202C could contain sulfur dioxide. Thus, resonant
chamber 1202A is particularly sensitive to carbon dioxide, resonant chamber 1202B is particularly
sensitive to methane, and resonant chamber 1202C is particularly sensitive to sulfur dioxide.
However, it is noted that the illustrative sulfur dioxide may be a “proxy” fluid for other
compounds, such as hydrogen sulfide. That is, the detector fluid need not be the same as the
constituent component in some embodiments, rather, the detector fluid can merely have an
absorption spectrum that overlaps with the absorption spectrum of the constituent component,
[0081] Still referring to Figure 16, embodiments with multiple detector assemblies are not
limited to resonant chambers in parallel. In particular, in some embodiments the resonant
chambers may be placed in scries such that electromagnetic energy that passes through one
chamber may then be incident on another resonant chamber. In Figure 16, electromagnetic energy
that passes through resonant chamber 1202A may then by directed to a second resonant chamber
1640. Thus, the first resonant chamber 1202A may be configured for detection with respect to a
first constituent component (or first grouping of constituent components), and the second resonant
chamber 1640 may be configured for a detection with respect to a second constituent component
(or second grouping of constituent components).

[0082] So as not to unduly complicate gaining an understanding of the various embodiments, the
fllustrative detector fluids discussed to this point have been a single component {(e.g., methane,
carbon dioxide). However, in accordance other embodiments, the detector fluid within a particular
resonant chamber may be a mixture of fhuds. For example, in some embodiments where the
presence of methane, ethane and related compounds in the fluid sample are of interest, the detector
fluid may contain methane and ethane. Not only will the methane and ethane be responsive to

methane and ethane in the fluid sample, but methane, ethane, or the combination may be a proxy



What is claimed is: 1. A method comprising creating electromagnetic energy with wavelengths in the
infrared region; directing the electromagnetic energy into a fluid sample; modulating the
electromagneticzerangy2at a modulation frequency; directing the electromegn@sesenettpzihat passes
through the fluid sample to a first resonant chamber, the first resonant chamber has an acoustic
resonant frequency substantially equal to the modulation frequency; absorbing at least a portion of the
electromagnetic energy by a detector fluid within the first resonant chamber; detecting acoustic energy
within thefdirstliesbiaat chirmbelicenddstérntinifigid fisptonstituentbompoangit, ah thesdluichseemple

based Onc'g}lestl %81‘3%%%85‘%%’ ¥¥i¥:gir (;H %%rg&gea%gn‘gﬂgrcgg@p fHlterest in the fluid sample, a resonant
chamber may contain water vapor and carbon dioxide.
[0083] The detector assembly 512 in accordance with the various embodiments is thus “tuned” to
one or more constituent components based on the selection of the detector fluid, It 1s the
absorption by the detector fluid, with the detector fluid having an electromagnetic absorption
spectrum that is the same or that overlaps with the one or more constituent components, that
provides increased sensitivity. By contrast, some related-art devices use solid black-body
absorbers within the acoustic resonant chamber (e, g., carbon black), with the internal solid absorber
sometimes referred to as a diaphragm, The energy absorbed by the diaphragm is converted to heat,
which then creates localized temperature increases and corresponding pressure increases. In such
systems the black-body absorbers within the chamber absorb substantially all incident
electromagnetic energy, regardless of wavelength. The fluid within the chamber contributes little,
if any, absorption, Moreover, in absorbing substantially all incident electromagnetic energy, the
sensitivity to changes in intensity of electromagnetic energy in particular wavelength is masked by
the broadband absorption. Thus, detector assemblies 512 in accordance with the various
embodiments not only rely on direct absorption of the electromagnetic energy by the detector fluid,
but also detector assemblies do not use solid black-body electromagnetic energy absorption devices
within the resonant chambers. Substantially all the electromagnetic radiation 1s absorbed by the
detector fluid.
[0084] The vartous embodiments discussed to this point have assumed that the electromagnetic
energy propagates {rom place to place unconstrained (J.e., in air), with directivity based mitrors and
line of sight. However, in accordance with yet still other embodiments the electromagnetic energy
may propagate from place to place within optical fibers. Returning again to Figure 5, in
accordance with at least some embodiments the various stages of the electromagnetic energy 502,
506, 510 may be directed through respective optical fibers. For example, an optical fiber 550 (or
bundle of optical fibers) may transfer the electromagnetic epergy from the source assembly 500 to
the sample cell 504, Likewise, an optical fiber 552 (or bundle of optical fibers) may transfer the
electromagnetic energy from the sample cell 504 to the modulation assembly 508. Further, an
optical fiber 354 (or bundle of optical fibers) may transfer the electromagnetic energy from the
modulation assembly 508 to the detector assembly 512.
[6085] In accordance with yet still further embodiments, optical fiber may be the mechanism by

which the electromagnetic energy is conveyed into the resonant chamber of the detector assembly



2. The method of claim | wherein directing the electromagnetic energy through the fluid sample further
comprises directing electromagnetic energy having wavelength between and including 1.5
micrometerswimmnonsiand 25 microns. 3. The method of claim 1 whereinPere@EtediefecdBmagnetic
energy further comprises: creating electromagnetic energy in both the visible region and infrared
region; and then filtering the electromagnetic energy such that only electromagnetic energy in the
infrared region remains. 4. The method of claim 1 wherein directing the electromagnetic energy into
the fluid samplexurthendorhpiisesdicactrgike efectitumbgnetic ethergysntenthelfiutiesangletdifowing
through a sa Ie region. 5. T of clai e|n directing the elect etic energy into -
a fluid sarrlfﬁimfm al%ng?] Eg%eﬁ%e 3|rec%%%gg thglégl](t:t%r%rag Btic Ee?e%é%‘] |n%oc"gjss%agr§£q%g%;m§ter?1g¥dlng a
discrete oduneé ahasdsastafioriry téRiveasatamsmple dhegtiremasmbodiments. In the particular

2012000 548RETVSIOUMATIRT ErcThe ERALtRAIR HbSIEip Mo iaing ey comprises

cyclically blockin pro&ggaﬂon of the electromagﬁgetlc energy and allowing the propagation of the

electrom&gReticeiergir IReOPIBEIRYTRISH Affdvity Pepest | ‘%ﬁé’]ﬁ?oc@m‘*at%f?fféq%ﬁ@yw greatly

exaggerated for purposes of discussion). The optical fiber passes into the internal volume 1706 of
the chamber 1702, In accordance with these embodiments, the optical fiber 1704 within the
internal volume 1706 has a subwavelength-diameter taper portion 1708 from which the cladding
has been removed. That is, the exterior protective coating has been removed in portion 1708, and
the diameter of optical fiber made smaller (such as by pulling the fiber while heating the portion to
be tapered). The diameter of the taper portion 1708 is less than the wavelength of electromagnetic
energy of interest, and in some embodiments the diameter of the taper portion 1708 is 50 to 150
nanometers (0.050 to 0,15 microns). Electromagnetic energy flowing through taper portion 1708
creates a highly concentrated optical field at the taper portion 1708. Moreover, given the
relationship between the wavelength of the electromagnetic energy and the diameter of the optical
fiber at the taper portion 1708, the electromagnetic energy tends to propagate outside the optical
fiber, yet is still directed by the optical fiber. Such propagation mode may be referred to as an
evanescent field.
[0086] In accordance with the embodiments of Figure 17, the electromagnetic energy interacts
© with the fluid inside the chamber 1702 at the taper portion 1708, That is, fluid inside the chamber
1702 absorbs particular wavelengths (as discussed above) which creates localized areas of
increased pressure that in turn create standing waves based on the modulation frequency of the
electromagnetic energy. As illustrated, the taper portion 1708 may reside at a node of the chamber
1702. Though not specifically shown, when the optical fiber is used with chambers having a focal
point {e.g., sealed parabolic chamber) or foci (e.g., elliptical chamber), the taper portion 1708 may
reside at the focal point or foci.
[6087] In some embodiments, the optical fiber 1704 may terminate at the taper portion 1708, but
as shown the optical fiber continues past the taper portion 1708 (as shown by portion 1710). When
the optical {iber terminates at the taper portion 1708, the electromagnetic energy can be though of
as making a single “pass” through the fluid in the chamber 1702. However, in other embodiments
using optical fiber an optically resonant structure may be created using a mirmror 1712 on the distal
end of the optical fiber, along with a mirror 1714 that allows electromagnetic energy to pass from

the sample cell to the chamber 1702 substantially unimpeded (electromagnetic energy moving left



7. The method of claim | wherein absorbing at least a portion of the electromagnetic energy by the
detector fluid further comprises absorbing by the detector fluid, the detector fluid having an
electromagnet® @mbserption spectrum that overlaps with an electromagnetieahsanptiostzspectrum of the
first constituent component. 8. The method of claim 7 wherein absorbing further comprises absorbing
by the detect() uid being, at least in part, the same ggs the first constituent component. 9. The method
of claim | wherein detecting acoustic energy further comprises detecting by a sensor located at a node
of standing wavagwnithinstite finstseonantohamibrreflltsTiiesnathodeat clasm;t wheieinigebecting

acoustic energy further comprises differentially detecting. by at least twa sensprs, each sensor located
at an anti?%vgag(eyc‘)ﬁ?(“s Anc |F1g£9 v%\?téqg%ﬁmﬁgfhé%irsnt r%gonagnil%hérﬂ%?t?er.l \qf ﬁﬁe rﬁgﬂ‘el)c')d o]?léﬁrrﬁel further
comprisingegriondgntitie diregtinglespiitt mgrive @Iﬁ@@mﬂé&gﬁéﬁ@r&m@wm pagsessithrbayh thfluid
sample Inj: 3 RkP s, AN 3Rcand BeR Trald ten e siRcin e ireLRPM. A plespmpanetic

energy to t nt chamber; directln% the second beam of electromagnetic’énergy to a

second rés@naniesambbiniee dheshef paoival iolriAas e desiisid F8onant frequency;

absorbinqgslﬂf)stsmm&t@ﬁr%f thea-second haarmpielectamagnetic apergwBy, aifliicwithin the second
resonant chamber;
system which forces the electromagnetic energy constrained to (or around) the optical fiber to pass

the taper portion 1708 multiple times. Other systems may be equivalently used. For example, a
loop of optical fiber may be created, where the loop passes through the internal volume 1706, and
where a portion of the loop has the taper portion 1708, Electromagnetic energy may be coupled to
the loop from an optical fiber carrying the electromagnetic energy that passes through the sample
cell (e.g., the coupling by an evanescent coupler). Thus, once electromagnetic energy is coupled to
the loop, the energy propagates around the loop until the energy is absorbed by the fluid or
dissipates in the losses of the optical fiber loop,

[0089] Figure 18 shows a method in accordance with at least some embodiments. In particular,
the method starts (block 1800) and proceeds to: creating electromagnetic energy with a wavelength
in the infrared region (block 1802); directing the electromagnetic energy into a fluid sample (block
1804); modulating the electromagnetic energy at a modulation frequency (block 1806); directing
the electromagnetic energy that passes through the fluid sample to a first resonant chamber, the first
resonant chamber has an acoustic resonant frequency substantially equal to the modulation
frequency (block 1808); absorbing at least a portion of the electromagnetic energy by a detector
fluid within the first resonant chamber (block 1810); detecting acoustic energy within the first
resonant chamber (block 1812); and determining a first constituent component of the {luid sample
based on the acoustic energy within the first resonant chamber (block 1814), Thereafter, the
method ends (block 1816).

[0090] Figure 19 shows a method in accordance with at least some embodiments. In particular,
the method starts (block 1900) and proceed to: drawing 2 fluid sample from an earth formation info
a tool that resides within a borehole that penetrates the carth formation (block 1902); propagating
electromagnetic energy into the fluid sample (block 1904); directing the electromagnetic energy
that exits fluid sample into a first resonant chamber, the first resonant chamber has an acoustic
resonant frequency within the first resonant chamber (block 1906); absorbing at least a portion of
the electromagnetic energy by a detector fluid within the first resonant chamber, the absorption

creates acoustic energy in the first resonant chamber (block 1908); and detecting amplitude of



detecting acoustic energy within the second resonant chamber; and determining a second constituent
component of the fluid sample based on the acoustic energy within the second resonant chamber. 12.
The method wictaipmdsfasther comprising: WO 2012/005725PCT/US201 000278 @& tifacting
electromagnetic energy that passes through the first resonant chamber to a second resonant chamber,
the second resonant chamber has an acoustic resopant frequency; absorbing at least a portion of the
second beam of electromagnetic energy by a fluid within the second resonant chamber; detecting
acoustic energic witltity thishse darfitvesanant dhanmbbe thandplitude of the acoustic energy proportional

to concentration of a first constituent component in the fluid sample (block 1910). Thereafter, the
method ends (block 1912).

[6091] The above discussion is meant to be illustrative of the principles and various
embodiments of the present invention. Numerous variations and modifications wil become
apparent to those skilled in the art once the above disclosure is fully appreciated. Moreover, while
the various embodiments shows directing the eclectromagnetic energy by way of mirrors and
alighment, in other embodiments the electromagnetic energy may be optically controlied and
directed through any suitable mechanism, such as optical pipes. It is intended that the following

claims be interpreted to embrace all such variations and modifications.



-

determining a second constituent component of the fluid sample based on the acoustic energy within
the second resonant chamber. 13. The method of claim 1 further comprising adjusting the acoustic
resonance fPEQAeRAPHREhe first resonant chamber. 14. A system for detdtfdiftii thé4htesence of a
constituent component in a sample fluid, the system comprising: a source assembly, the source
assembly produces electromagnetic energy with wagelengths in the infrared region; a sample cell that
holds a sample fluid, the sample cell has a first window that is substantially transparent to the
electromagnetic energy, and the sample cell anEks6d¥® assembly arranged such that the
electromagneticzgpetgy praragates from the source assembly through the first window; a detector
assembly, distinct from the sample cell, the detector assembly in operational relationship to the
electromagnetic‘éRERSY 19REE%es through the sample cell, the detector assembly comprising: a first

resonant chambgsx thatdefings.gieintersalyvelumesthensternahwalifmedas an, acoustic resonant
frequency and at least a portion of the first resonant chamber is substantially transparent to the

electromagnetic SR/ HSEYOBRERTC TR O ARPHATABRIMe, the detector fluid has an

electromagnetierslistnpiiohspecinmdhatcovneiaps anabsarpiiofegpeatiyym of the constituent

component; an%ia Sensor c yc%led to the first resonant ch mberl,I t[pg sensor s?nsitiv to acoustic
a

energy in the firsf ?gén u reit A ;%%%g?etw energy that passes throug sample to a first resonant
chamber, the [first resonant chamber has an acoustic resonant frequency
substantially equal to the modulation frequency;
absorbing at least a portion of the electromagnetic energy by a detector fluid within the first
resonant chamber;
detecting acoustic energy within the first resonant chamber; and
determining a first constituent component of the fluid sample based on the acoustic energy

within the first resonant chamber.

2. The method of claim 1 wherein directing the electromagnetic energy through the fluid
sample further comprises directing electromagnetic epergy having wavelength between and

including 1.5 micrometers (microns) and 25 microns,

3. The method of claim 1 wherein created electromagnetic energy farther comprises:
creating electromagnetic energy in both the visible region and infrared region; and then
filtering the electromagnetic energy such that only electromagnetic energy in the infrared

region remains.

4, The method of claim 1 wherein directing the electromagnetic energy into the fluid sample
further comprises directing the electromagnetic energy into the fluid sample flowing through a

sample region.

5. The method of claim 1 wherein directing the electromagnetic energy into a fluid sample
further comprises directing the electromagnetic energy into a sample chamber holding a discrete

volume that is stationary relative to the sample chamber.



wherein the system determines the presence of the constituent component in the fluid sample based

on acoustic energy in the first resonant chamber. WO 2012/005725PCT/US2010/041273 29 15. The
system of cPPA%2ApHEr comprising a pressure vessel designed and coRSHEHREB* hlaced within
a borehole, the pressure vessel houses the source assembly, sample cell and detector assembly. 16.
The system of claim 15 wherein the pressure vesset is at least one selected from the group consisting
of: has threads which couple to a drill string; and coupled to a cable such that the pressure vessel can

he suspéhded WithirgtheteRbISIBthE cabieing mopRaRatdritbeclammmiseyherdisadoutdeckisembly
creates glepiomay @etiﬁcﬁ@l@wmﬂgmav{%@ggtambﬁm%r% ki Micsemetars(miconsangLrumicrons
inclusive. 18. The system of claim 14 wherein the source further comprises: an electromagnetic

energy sTTES- QAR E-HHAR ARd AR NS BTG MR g  Whter uency.

7. The method of claim 1 wherein absorbing at least a portion of the electromagnetic energy
by the detector fluid further comprises absorbing by the detector fluid, the detector fluid having an
electromagnetic absorption spectrum that overlaps with an electromagnetic absorption spectrum of

the first constituent component.

8. The method of claim 7 wherein absorbing further comprises absorbing by the detector fluid

being, at least n part, the same as the first constituent component.

9. The method of claim 1 wherein detecting acoustic energy further comprises detecting by a

sensor located at a node of standing waves within the first resonant chamber.

10, The method of claim 1 wherein detecting acoustic energy further comprises differentially
detecting by at least two sensors, each sensor located at an anti-node of standing waves within the

first resonant chamber.

11.  The method of claim 1 further comprising:

prior to the directing, splitting the electromagnetic energy that passes through the fluid
sample into a first beam and a second beam; and then

directing the first beam of electromagnetic energy to the first resonant chamber;

duecting the second beam of electromagnetic energy to a second resonant chamber, the
second resonant chamber has an acoustic resonant frequency;

absorbing at least a portion of the second beam of electromagnetic energy by a fluid within
the second resonant chamber;

detecting acoustic energy within the second resonant chamber; and

determining a second constituent component of the fluid sample based on the acoustic

energy within the second resonant chamber.

12. The method of claim 1 further comprising:



wavelengths both within the infrared region, and outside the infrared region; a filter in operational
relationship to the electromagnetic energy source, the filter passes at least one wavelength between
1.5 microme¥r3HEGRS) and 25 microns inclusive, and blocks other waVEER§IAH/0427The system of
claim 14 further comprising a modulation assembly within the optical path of the electromagnetic
energy between the source assembly and the detegtor assembly, wherein the modulation assembly
modulates the electromagnetic energy at a frequency substantially equal to the acoustic resonant
frequency. 20.diretingstisiromaginid anwissram tasssaiplebdlidiiieecomprbasbsporticecord fluid

conduit, and wherein l@%ﬁﬁ%}%ﬁ@gp%@g@&ﬁ@%&%ﬂﬁ?eﬂ%ﬂli%gQ&Q@oﬂﬁ%‘i‘mﬁﬂ%\{ ﬁé&ﬁ@l&wd
sample flows througlh the fluid conduit. 21. The system of claim 20 wherein the sample cell i$

designed and cdtt ot ratitieci oW ratardreraTii e lesHpesecsisssraT dmAtHEId afBithe flow

rate of the fluid samplg,ina Heyde thattiegss.the sample cell. WO

2012/005725PCT/US2010/041273
detecting acoustic energy within the second resonant chamber; and

determining a second constittent component of the fluid sample based on the acoustic

energy within the second resonant chamber.

13, The method of claim 1 further comprising adjusting the acoustic resonance frequency of the

first resonant chamber.

14, A system for determining the presence of a constituent component in a sample fluid, the
system comprising:

a source assembly, the source assembly produces electromagnetic energy with wavelengths
in the infrared region;

a sample cell that holds a sample fluid, the sample cell has a first window that is
substantially transparent to the electromagnetic energy, and the sample cell and
source assembly arranged such that the electromagnetic energy propagates from the
source assembly through the first window;

a detector assembly, distinct from the sample cell, the detector assembly in operational
relationship to the electromagnetic energy that passes through the sample celi, the
detector assembly comprising:

a first resonant chamber that defines an internal volume, the internal volume
has an acoustic resonant frequency and at least a portion of the first
resonant chamber is substantially transparent to the electromagnetic
energy;

a detector fluid within the internal volume, the detector {lumid has an
electromagnetic absorption spectram that overlaps an absorption
spectrum of the constituent component; and

a sensor coupled to the first resonant chamber, the sensor sensitive to
acounstic energy in the first resonant chamber;

wherein the system determines the presence of the constituent component in the fluid

sample based on acoustic energy in the first resonant chamber.



30 22. The system of claim 14 wherein the sample cell further comprises a second window optically
aligned with the first window, wherein the internal distance between the first and second windows is
between 1 aH8 P Rilifdéters inclusive. 23. The system of claim 14 wheref¢THeStt&¥PdE5hant chamber
is at least one selected from the group consisting of: cylindrical; elliptical; and parabolic. 24. The
system of claim 14 further comprising wherein the fisst resonant chamber is cylindrical, and wherein
the electromagnetic energy is focused on the center of the internal volume. 25. The system of claim
14 further comprising wherein the internal volume of the first resonant chamber is elliptical and has a

first and gecond-feci, @04 shensin ihe SleFlamAEnRglicRORIGY Js deeusad-an 1he finstfogkd &6vd he

system of claim 14 further comprising where the sensor is placed at the second foci. 27. The system
of claim DHSHAEFEHNLR S TeReltotha SERITHIR et dloadin Piista s Riramt br eBmD FE 8T Rt the first

resonantehaipRer. 28. The system of claim 14 wherein the first resonant chamber further comprises
an optical fiber have an exposed subwavelength taper portion, wherein at least a portion of ht
electromagnetic energy directed into the first resonant chamber propagates within the optical fiber. 29.
A method@omprigiRgstem of claim 15 wherein the pressure vessel is at least one selected from the group

consisting of: has threads which couple to a dnill string; and coupled to a cable such that the

pressure vessel can be suspended within a borehole by the cable.

17.  The system of claim 14 wherein source assembly creates electromagnetic energy with

wavelengths between 1.5 micrometers (microns) and 25 microns inclusive.,

18.  The system of claim 14 wherein the source further comprises:
an electromagnetic energy source device that creates electromagnetic energy with
wavelengths both within the infrared region, and outside the infrared region;
a filter in opcrational relationship to the electromagnetic energy source, the filter passes at
least one wavelength between 1.5 micrometers (microns) and 25 microns inclusive,

and blocks other wavelengths.

19.  The system of claim 14 further comprising a modulation assembly within the optical path
of the electromagnetic energy between the source assembly and the detector assembly, wherein the
modulation assembly modulates the electromagnetic energy at a frequency substantially equal to

the acoustic resonant [requency.

20. The system of claim 14 wherein the sample cell further comprises a portion of a fluid
conduit, and wherein the electromagnetic energy is directed through the first window as the fluid

sample flows through the fluid conduit.

21.  The system of claim 20 wherein the sample cell is designed and constructed such that the
flow rate of the fluid sample is substantially the same the flow rate of the fluid sample in a flow

line that feeds the sample cell.



thawing a fluid sample from an earth formation into a tool that resides within a borehole that penetrates
the earth formation; and then propagating electromagnetic energy into the fluid sample; directing the
electromagrn®ficeRéitsy¥hat exits fluid sample into a first resonant chamb&EFRSIY4E3Bhant chamber
has an acoustic resonant frequency within the first resonant chamber; absorbing at least a portion of
the electromagnetic energy by a detector fluid withim;the first resonant chamber, the absorption creates
acoustic energy in the first resonant chamber; and WO 2012/005725PCT/US2010/041273 31
detectingzamplitfitfe Ofaebvtidame idy Wieapntiectiisnpe sivdn feHwmbemnnrieampiase ofildevacoustic

energy PrpResigNRLIR EARGER AHQNQ & firsl roRsiHE H:comRRneRt R ihe it samnlgd 30odhe

method of claim 29 wherein propagating further comprises propagating the electromagnetic energy

into as thEAYRY S ARpTESSE tdd) dindUmSrESHBRESWRhin the tool.

23. The system of claim 14 wherein the first resonant chamber is at least one selected from the

group consisting of: cylindrical; elliptical; and parabolic.

24, The system of claim 14 further comprising wherein the first resonant chamber is

cylindrical, and wherein the electromagnetic energy is focused on the center of the internal volume.

23, The system of claim 14 further comprising wherein the internal volume of the first resonant
chamber is elliptical and has a first and second foci, and wherein the electromagnetic energy is

focused on the first foci,
26. The system of claim 14 further comprising where the sensor is placed at the second foci,

27. The system of claim 14 wherein the detector assembly further comprises a plurality of

sensors coupled to the first resonant chamber.,

28.  The system of claim 14 wherein the first resonant chamber further comprises an optical
fiber have an exposed subwavelength taper portion, wherein at least a portion of ht electromagnetic

energy directed into the first resonant chamber propagates within the optical fiber.

29. A method comprising:

drawing a fluid sample from an earth formation into a tool that resides within a borchole
that penetrates the earth formation; and then

propagating electromagnetic energy into the fluid sample;

directing the electromagnetic energy that exits fluid sample into a first resonant chamber,
the first resonant chamber has an acoustic resonant frequency within the first
resonant chamber;

absorbing at least a portion of the electromagnetic energy by a detector fluid within the first
resonant chamber, the absorption creates acoustic energy in the first resonant

chamber; and



31. The method of claim 29 wherein propagating further comprises propagating electromagnetic
energy having a wavelength between 1.5 micrometers (microns) and 25 microns inclusive. 32. The
method of cYftBG/WAEfein directing the electromagnetic energy further SmMBiISeYERECEing the
electromagnetic energy into the first resonant chamber with the detector fluid having an
electromagnetic absorption spectrum that overlapsawith the an electromagnetic absorption spectrum of
the first constituent component in the fluid sample. 33. The method of claim 29 wherein directing the
electromagneticeipiag Fomherde oimpiossscairsssny thindhscirstiagmant dreresrithe thwlirstereSonant
chamber containing thﬁe%?ﬁﬁ&@ﬂé@;ﬁﬁ%@;ﬁﬂlﬁ&%ﬁ@é&%ﬁ%ﬁgm ﬁ%@@ﬁ@%&n%ﬁﬂ%ﬁcﬂ%ﬁ'@d of

claim 29 further comprising determining a concentration of the firs constituent component in the fluid
sample based on the Sthpfidd@dtithe acoustic energy. 35. The method of claim 29 further
comprising: wherein prior to directing the method further comprises splitting the electromagnetic

energy into a first beam and second beam; wherein directin f%%ﬂeir comprises directed the first beam
of electrobagndf TERRirt HERrst fetHARCHURTBEI it e Y in 6 SUuBHS LESRARGRE  (he

electromelgoetia ametg\chotgya seeorid: rdsdnampthanteeil; th e sedeo ik wesaitantthamiber has an
acoustic resonant frequency; and detecting amplitude of acoustic energy within the second resonant
chamber, the amplitude of the acoustic energy in the second resonant chamber proportional to
concentration ofesecotiddonstitdemt cA%porientin theofagdisamlether  comprises  propagating

electromagnetic energy having a wavelength between 1.5 micrometers (microns) and 25 microns

mclusive.

32. The method of claim 29 wherein directing the electromagnetic energy further comprises
directing the electromagnetic energy into the first resonant chamber with the detector fluid having
an electromagnetic absorption spectrum that overlaps with the an electromagnetic absorption

spectrum of the first constituent component in the fluid sample.

33.  The method of claim 29 wherein directing the electromagnetic energy further comprises
directing the electromagnetic energy mto the first resonant chamber comtaining the detector fluid

compiising the first constituent component.

34, The method of claim 29 further comprising determining a concentration of the first

constituent component in the fluid sample based on the amplitude of the acoustic energy.

35.  The method of claim 29 further comprising:

wherein prior to directing the method further comprises splitting the electromagnetic energy
mto a first beam and second beam;

wherein directing further comprises directed the first beam of electromagnetic energy into
the first resonant chamber;

directing the second beam of electromagnetic energy into a second resonant chamber, the
second resonant chamber has an acoustic resonant frequency; and

detecting amplitude of acoustic energy within the second resonant chamber, the amplitude
of the acoustic energy in the second resonant chamber proportional to concentration

of a second constituent component in the fluid sample.



WO 2012/005725PCT/US2010/041273 32 36. The method of claim 35 further comprising: determining
a concentration of the first constituent component in the fluid sample based on the acoustic energy in
the first resoN@NEHBIRBEr; and determining a concentration of the secon®€B#5@fU8MAE Ediponent in
the fluid sample based on the acoustic energy in the second resonant chamber. 37. The method of
claim 29 further comprising: directing electromagneiic energy that passes through the first resonant
chamber into a second resonant chamber, the second resonant chamber has an acoustic resonant
frequency; and detecting amplitude of acoustic energy within the second resonant chamber, the

amplitudgof thefﬂg%ﬂlgdqﬁ%m&l@5tgﬁﬁgg9(glgxﬁgggélant chamber proportional to concentration of a
second constituent component in the fluid sample.
determining a concentration of the first constituent component in the {luid sample based on

the acoustic energy in the first resonant chamber; and
determining a concentration of the second constituent component in the fluid sample based

on the acoustic energy in the second resonant chamber.

37. The method of claim 29 further comprising:
directing electromagnetic energy that passes through the first resonant chamber into a
second resonant chamber, the second resonant chamber has an acoustic resonant
freguency; and
detecting amplitude of acoustic energy within the second resonant chamber, the amplitude
of the acoustic energy in the second resonant chamber proportional to concentration

of a second constituent component in the fluid sample.



