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that includes a testing chamber, a light source, a spectral detector, a database, and a processor.
Fluids drawn from the formation into the testing chamber by a fluid admitting assembly are
analyzed by directing light at the fluids, detecting the spectrum of the transmitted and/or
backscattered light, and processing the information (based on information in the database
relating to different spectra) in order to characterize the formation fluids. Schlumberger’s U.S.
Pat. No. 5,167,149 and U.S. Pat. No. 5,201,220 (both of which are incorporated by reference
herein) also describe reflecting light from a window/fluid flow interface at certain specific angles

to determine the presence of gas in the fluid flow. In addition, as described in U.S. Pat. No.
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the field of downhole fluid analysis, applicants recognized a need for an apparatus and method
for broad splectral optical analysis while providing detailed spectral analysis in a range of
interest. In this, applicants recognized that in certain circumstances in downhole environments it
would be desirable and/or necessary to separately situate two or more spectrometers that are
independently configured for spectral measurements of fluids and for the calibration of the one

or more measurement spectrometers.
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FIGURE 5 is a schematic representation of one exemplary structure of a method and

apparatus according to the present invention where light from multiple sources is routed to two
sets of spectrometers;

Figure 6 is a cross-sectional schematic of an exemplary sample cell in one downhole
implementation of a spectral analysis system according to the present invention.

Figure 7 is a detailed schematic of one embodiment of the present invention showing two

separate spectrometers for measurement and reference.
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admitting/withdrawal assembly 120 and a selectively-extendible anchoring member 121.

Examples of the fluid admitting/withdrawal assembly are shown and deécribed, for example, in
U.S. Pat. No. 3,780,575, U.S. Pat. No. 3,859,851, and U.S. Pat. No. 4,860,581. The disclosure of
each of these patents is incorporated herein by reference. Fluid admitting/withdrawal assembly
120 and anchoring member 121 are respectively arranged on opposite sides of the elongated
body 119. Fluid admitting/withdrawal assembly 120 is equipped for selectively sealing off or
isolating portions of the wall of borehole 112, such that pressure or fluid communication with the
adjacent earth formation can be selectively established. A fluid analysis module 125 is also

included within elongated body 119 and formation fluid to be analyzed is channeled through the
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each of the channels of the FA spectrometer through multiple paths labeled 142. One of those

paths will deliver a light signal to input fiber bundle 144. This light then traverses through the
first lens 146 and through filter 148. Filter 148 is typically a bandpass filter. This bandpass

filter will only allow light in a range of wavelengths to pass. The full spectrometer has a
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spectral 1‘2}{1 St g}?arr]r?plg qge IQA spectrometer may be configured to measure in the visible

and infrared spectrum to determine the presence of fluids, such as water which has a peak at
1450 nm, and for baseline corrections, while the grating spectrometer may be configured to
monitor the hydrocarbon range mentioned above. Other combinations of spectrometers are

contemplated by the present invention such that a wide range of wavelengths are available for
' 6



fluids that will |ikely be encountered downhole. Axis
162 is the wavelength of light transmtted and axis
waaWw7imssashe correspondi ng optical density (OD) PCYABEN7/000153
spectral lafal§§19 WRd&¥nhd19 Buikie 4 sp&n8RAturdah tﬁ@&l@%%%ﬂ?éaﬂe? ited, o the
di esel, elenment 168 corresponds to condensa T emeht
high chappel dessiteefibadeating sp¢dtronmas natchs nchreftasecassgyre nt 172

d el t.174
A SRR ok SuBbER b A B G  sav t BB Pa b i
providedibyllipltasarcedg0o RS sﬁbwﬁ‘ thé8 meHytbel dplardiBe o ARt fyb@snofeﬁght
overall fluid. It is shown here that water peaks

produceétat the dight souees. ﬂ[mse ]ng]glgie eyt aieanoh llﬂg’@ddm adialcygegﬂpulb (broad band
light sodr&g eﬁ{m?ﬁt eﬁhﬁfng (ﬁod'éu(tﬁ%ﬂ),r agléil agpég aber ggﬂlit_}%%? may %e processed by one
of the ligh¢ @rms&nhgmmtdwb&f&e Thiescolight phseesspid @iitsangly HBRde BB Mnit for changing

| de ent features that nust be detected.
a Pfoperﬁg??ékﬂé‘? Sug% %a’iﬂf?é W%W@&nélﬁ?a@?nwmeﬁdﬁﬁ@t ameng ether light
processififuSiBe ThABRIDodinidnt, e RS ﬂ%%ﬁ%}%@ltﬁt%dﬁ ttH rl@hf%&lle&%? 182

spectral details. The FA spectronet er
althoug i clgraentas pmionahdppending en l:lrw&mmbeo of hghMrcémantbspectrometers in

T P
to differéin\\odadiond Gkt th'fereﬂtﬂmﬁd%e T'h[kSiE @51%qu \K}Hﬁf‘itt i OMbsirE VR RberAMEihe

gaﬁg}a‘; oneters are introduced downhole. |In one
affects o THgight tYB?Femé*PPelﬂﬁ@ﬂé’pé&ﬁrlmmﬁ@héthnayrdyee@rto Bre or more input
d SS el [ .Sspectr ter. .. )
window: %ISTSS pzﬂlfl gelﬁ?ou% sgﬁ@‘ésie é)%fuaé) ﬁwfr ﬁgwyne which
is the Samp@fﬂuldh tnbetestdé, n§h¢ hglntrﬂo&vsl thmugli the fuigand fhrough interaction with
in_nmeasurin

el e [ ef ul ectra
the huid YR 7P i o Aoy o8 e M GIeDEth PhAbp SRGLAH b apositon of the
fluid to gréducesd d(ﬁ.lt t 1ighe o 8kdhfle SRE P tqg%}naﬁde?é) rleﬂect{OH and/or

Conflgure o _provi de appr oxi rat ef ese
absorptiqrhand/as| ghan@y |bn ean!@spd ascarrestdt cbﬂmteﬂe@tlﬁﬁ betwaen @lesinput light and the

\/ b tro ter and provi de nor
sample l’gﬁ%cﬁl?d@g’% AP b B e O CorPRPIRISS 8BRS of kgen
methodolﬁgiyfe»(gﬁpirﬂanhb@ls[aﬁﬂamctrorreter may be configured to

Tg&asure in the visible and infrared spectrumto
tdight Havesics dupegh a5t outputivisdow 0 Fhesomlet enll Miant on to an

; u r yrections
oo 1 1BSSFatl 955 50 L0y L5 GRS o
spectromgtenil 8@r Irt fhds, l'rynie ﬂxaak)h@meaﬁm@ﬁeﬁtep&dtﬂiﬁ&iﬂer&k% 3] K fr6vided as

schematlﬁeﬁgoci nat, cﬁvélﬁg e gl{re }ptggég %eé@cgrgfggbpclﬁglgnt of thetphrgsent
invention)avRh& ek Bi; a %[Lﬁfa "f\'g%'f hﬁgilﬁerflél{t%ggﬁfdh?éte@ g6 }{fag%e% FA

downhol e fl uid ectral featlUres in the v
spectrometgy g@d afrleast ﬂm)th@cbnesxﬁ tltetmuliahgfrmajq beagkatolg mpedtgonm‘tert h&he

Gl Lomet er. ot as, f a necessity. A
ouput oG5k A AL it AR THEN, BE s g e ot
waveleng'ﬂnrdﬁggwe 5 I nput light is provided by |ight source

shown, there may be a plurality of different
In %ﬂ&é%orbﬁo the BE]@t ingidenion eaftanmlﬁscqll, gfris also advantagbheste route light

directly f‘gﬂﬁ dﬁéd& e thord rh%h%ﬁlrclek T4 £t 1Qust Sud2RQ9EN sgectron'ge?erq%g

However, as schematically depicted in Figure 5, a plurality of reference spectrometers 187 may

be provided. The light sources, photodetectors, and processing electronics employed in
conventional fluid analysis modules are typically adversely affected by the extreme temperatures

- and vibrations experienced downhole. For example, the optical power of light sources tends to
7



l'ight source), a light emtting diode (LED), and a
| aser. This input |ight nmay be processed by one of the
woigiTosmsscessi ng units 188. These |ight proceseTmp007/000153
diminish UPH ﬁ wWHeH OE%{édda% cRYYed fé'xﬁpefte&ﬁreQ hgﬂﬁﬂdﬂgr IRl daths f many

, such as polarizer, "anplitude and frequency
photodetemmtsu krany@wt byasipmificatttfamounis giften srbjeeted tmglemlmgh opératinge

ST SERU N AT TR e

while tes@8R ¢ BJiNEaPAmEN® dopbRatefor thiOdifts Q’hfscbaﬁbﬁﬁdn is accomplished by
éctrometers in operation. This light collector is

conunume:sgmdur@yme dighbframy tbwlglnt@mncgsr 18) torthe ang ORI BIRERNES t o

spectrom?tlgrns,e lgil’}t ?lﬁ) achm%bfl; %]};t%o% h%rlﬁle%es 101 eghfnf ) § 180 1s routed

I'sTuUs e
via a fibek bptlcalﬁlilﬁld:é $h10f1g1ﬂ b}ﬁtﬁ(ﬁllablﬁlght lcolgl;dfttort Wepeand It]miﬁcpeﬂodma tok more

roforencagpRRIERCIE 1S ambhis HEBH MERSE oRT<s 16 Sy fledeiayice Hghsunal, the light
directed tﬂ'dﬁ!gg s Oﬁfg'ec@tﬁeltg? el%’fé hrd etdbcg ag t}?%ée{gﬁv\fseﬂ%@nfig%lg%%naﬁ 'ﬁf&"ﬂ?}'e%r more
second speottombtersulfY dre t:aii@a’efemncwspdn:trbmetefﬁt ulincbng ragieacyy oé@le present

. . _change depending on th vvavelen hofteI|
inventiory gy SE{B6L 1 BT R OEABE R U5 5L L7t BTG 186,
which ard E4IRYH mdaSiiref¥AYebrorh&i6rsi MRiktallokwgFor EHRM spEiRh@eer to be calibrated
reflection and/ or absorption and/or |ight nmay be
basedonéhﬁcmémoasaadr@mnspd@ ¢leer acti on between the input
T% gal%ére sstﬁgﬁ){xseed'lﬂ célrb(?%tmn%'l% &sﬁtj hiEnt st\}\%}ﬁl is used to
resen {3'0R" cont'e es a varre no
determmH&tethﬁio@@‘ﬁnfo@ theshdd ik mle sanpleysil 4 84f Cprﬂndmg 0B Batent
.- output light traverses through_an output w n f the, .
Apphcat@a.kgq- dled 313931{9140%&*6 Frﬁlrhwg@&r%%am i eaHEetﬁgéﬁlﬁcgé?%ﬁeal-ﬁme
calibratid¥ar & Q% Bhold Sfectrbifetdri 9Nt is then routed to at | east
one neasurenment spectroneter 186. In this, nmore than
Figuee ﬁmmmnﬁom@ gew divet exangle qffaysalhﬁelqmeﬂ\desl@weésn the

revions SRS BBt S s 5 Rl i oy

of other éo%ﬁ%ﬁraﬁﬁﬁs OfhePsaiplé Bhidtiovafthiseas Hoargahns Peal Op fopenings
86 may be an FA spectroneter and at |east apother one
236 and 2)40 arp eTplidadanites fenlingrach of W&tqhngtegfa Wikt put onpe output

i, G s R REEH P i FEDAEDR AR v

are identical) g€ sulylthe agpdt sidowill be ﬂd‘senbecghtdetanlc iewtchammet B%4 is located

betwoen St St AT B AR A0S ek, kgl e cotedon
each sidd &AL ﬂ@ﬁ%hﬁﬁ{e@ Q@ﬁ‘ Ch &féee?ﬁﬁoﬁ[fﬁ&ﬁrthé &andi’@é’ﬁ fBe m@ée of sapphire.
schematically depicted in Figure 5, | ura

The windea¥ss¥4@rare sepeciin phase @ysﬂamgez %@ywmeh pneaw‘dé@rl wntK @ptwaé ht

connectoiq%%lrcge Sea:t H}?o%g?ﬁtgect Wlflﬁﬁ'f"g 5.%% t@ sﬁ% ﬁ%tgﬁ g 244. The
flanges rﬁeb&péecs%kéWed&@\éﬁé}’ﬁ@ﬂhﬂr & 466 b@d tHeywindews Kito Giseats. Sealmg is assisted
by the use o%gcrkalgpurru?gss and o-rings 238. Inner and outer faces of the windows 242 are
polished to optical quality, side faces are polished to assist in sealing.

This is just one sample cell with a single set of windows. There may be additional
windows and fiber bundles that direct different types of light to different locations all traversing

through the sample fluid. The light input through fiber bundle 232 interacts with the sample



and vi brations experienced downhol e. For exanple, the
optical power of |ight sources tends todi mnish or
wdnod7ossesen oper ated at el evated tenperat ures. PCT/IB2007/000153
fluid and ﬁ&éﬂd&ﬁjt'l%ht fsReleRdd Sptib&aundlco4MEnYs REGQHRHR GloRRISs then
may drift by significant ampunts when subjected to
forwarded he setheiogh oo perameagyrereent spestromsters fimaselysihi ft s may

result in inproper results, but,calibrat] n .
FigiBohp CheR e s raal mey onf oSl 8L SfbchBbugfsis system
accordinERRE PreddiR itvehtibMi ShaklsistA64 hbhides thaibforiat 60the dévice that is
acconpl i shed by continuously directing light fromthe
introduchidgngﬁgls@m eider pgpirelineton dogging-whilerdrillingd{.dYiahppmeasurement-

. . . |
w2 RHENOIL R alfon 1950 Bl A L s LapgpL s
Moreovef) piid resannitiventidonontagiiplaps aspiebbilitygintareasIshelcasocariddi3diandde
tthen on to one or nore reference spectropeters é87.
sequestraigh and T TS PRyAE IMAne SRy Yo 8. &t i3 Gontpmplatackibel B systems and
methods gfgatléedsﬂegé}ﬁ‘ kill hB& Wid@hhndthg Qgﬁlﬁ%ﬁyiﬁ 'é%riét?rﬂf! dBwaRblk fluid
4 1s referred to as the neasurenent |ight signal.
analysis dffeeatione that emplog copvantionappedtrab peslpsis sys&Mmsafioe dowhihadel
. ..reference spectroneters. In one aspect of the present
applicationgy ent j on, they are identical in number and type to
FloW@ine R86 & fillBd With bdrfple TRATVih MEEIEKS sASOn inWigtit BrEight source
~called neasurenent _spectronmeters. This_allows for each
250 introdynes lighite i systenbeTlis spweamed bp adwelpgen lam apddd.laes, or any
. r o | . i a i .
other suiB 65 ARERARALL ofe 1B FLARER, By bE nhiifesghts
sources off a&driéty ofietpes o predudeclighy sgrosd 4 wide spbcttdie. Thelimpui highthesplit into

two channgl GRmEPBATBIS heHgr BB RIS TSt FERORRES P phigs

output frﬁﬂ&lﬁiﬁ%ﬁf SottS S5 R SEis TigA is tHeMBn&aducBl & 4RBirdiREteR254. An FA
ownhof e spectrometer. Figure 6 Is a cross secti onal

spectromefeeiy ibastabea, butathis| coulslf becany dymps of spedtionskieromidbeenld meiude two or

e R A Do Vgt
the output ffHe GhadiireSt spEbeorbetam! a@ccfrHimi%Iif. f Tt o8 direfdr@ioe

channel 234, posed openi ngs 236 and 240 are provided
spectromgtgr isiaomifoswd byne glgetronics g chhanmekb? 18is dae weagyreament ghapnel.

mhis ol AR SR AR AV SR LR, o i e
through thé sdrhsle apd Intanets wdtarthe sahple floidoriThe dutgutilightits détecked va thie

be descri bed etail. Flow channel 234 is | oc Eled dth
measurerpR AERT OB R A AES: S0P RG SRS IR S <na ieSRA here and the

oupus O LRpRAB o A o A ool n P

spectromafen tholepictasly thiecarddibe afiy tyap of suitableTipectwpmelovand? itpongrambodiment

secured .in place fl.anges 0 which are vi.ded ..
of the oy R STveRR Brent areonBrtrori ol Bf Ri(eBE sgyine
spectromefee W ndows 242 with fiber bundles 232 and 244. The
P

fl anges may be screwed to each other so as to seal the

The auipwsof the ene oremeisaneasusaent spgciremeiens is theg used in analysis of the

fluid sample. The electrical outputs of the spectrometers are proportional to the light of a given

wavelength range that is incident on the spectrometers. This invention provides a large number
of channels covering a wide range of wavelengths all of which can be accomplished downhole.
In the systems and methods disclosed herein, one or more light sources 180 are directed

at a sample cell 184. This light interacts with sample fluid, is collected in fiber bundles and
9



by the use of back up rings and o-rings 238. I|nner and
outer faces of the wi ndows 242 are polished to optical
wqued7iosy3ssi de faces are polished to assist i npeeaB200g000153
routed to-laﬁ'e gr hrord h&%&su%}ﬁ‘erﬁ §%&lt1%nﬁe?ér£ 196 tForaxainpR! & rinet al’é‘afy spectrometer
ows ere may be additional w ndows and fi
may be cbn:ﬁglire@ tot pratndel irfemnatidinf fver @miide sneeigal gingei g prating 5pectr0meter may

er ent. catiaons. al.l traversing.thr
be configig] § PEAYige FraPan N OF CTPITRoH oy seriaits 1508 P eplcil
interest ih Géﬁﬁﬁiﬁ% thé presdree of dé@i’feﬁfﬂgblfdéa%ﬂs the output i ght i's

| ect by fiber bundle 244. This received |I%

Isadghition tone fenstipn ohmeaeirewants of pwpuidight Sionppsasple fuid, light
may also %éﬁt{g& H%ectléfprogxgél%etolg?ntt gé&rggso{o o%@%:g%fbéé refé:xjeﬁ%r s‘f)eZtrdrﬁeths for
example; Slﬂaﬁtchﬁﬂo B RkYSrEnaY SheMoartas ti mgnted ahd €yppr é"shﬁlteference signal

i nventjon. Chassis 264 hquses, the na orit F
is used injealibeationieh the pestrmeERicad 2 Wﬁﬁ cleciianiss P%@Plfaper ormance may
th
R T L e e
overall size of &rersgstemtwhnnmonmaradgwxblﬁ o‘dnema’tdmntgl‘p;@rpwdb the same information.

reov the pre I nvention cqnt
158 BRRESBE AFEoRHS o BOTPad RSB ARG gty dgsorbe the nvention
and som§ @ﬁ&t&ﬁﬁ% AlitsQm lpﬁﬁfén‘f@foﬁr It 8 9.6 MRindedB ROSMRE ive lof td Hing,the
IS contenplated that the systens and net hods

lnventlomt@wmwseﬁem disclosed. Mane madificationindgasippenscaie pessible in light
of the ab. e%acarlety of downhol e fluid anal ysis operations

P oy conventional spectral analysis systens for
The phdTal€l fppdts vatd ahosen drldoddstriteed 26 Grdes td Bdst ecblaihtphinciples of the

sa Iefdewathemtakea in Fi
ek

invention s eprpeiiFal mnlisakenss The grce rpjigh o Ginontpatodibietiers
skilled u{@% apcq? BedAtiNAEMe! Wﬁoﬁ‘?}m {feﬁf&us @ﬁb@&i%(ents‘%&d%gﬂec% fRwith

bl e source. ough only one ht source is
various mh(dlﬁnatldnb as are mai}ecb’@ the pasitiphlar Usegmn@ ed el ipintended that the

ri .of t o.produce |i t across a w de
SCOPe°f§€ee’@t" bﬁ%ﬁ ltﬁxﬂffoﬂ?m% into two channel s.

Channel 252 is the reference channel and the |ight
signal there is the light as output fromthe |ight
source 250. This light is then introduced to
spectroneter 254. An FA spectroneter is illustrated,
but this could be any type of spectroneter and woul d
include two or nore different spectroneters. These
spectroneters neasure the known input |ight and
calibrate the output of the neasurenent spectroneters
accordingly. The output of the reference spectroneter
is nonitored by the electronics 262. Channel 258 is

t he measurenent channel. This channel routes [|ight

t hrough the input wi ndow of the sanple cell 256. The
light traverses through the sanple and interacts with
the sanple fluid. The output light is directed to the
measur enent spectronmeter 260. Again, two or nore
spectroneters may be used here and the

10



out puts of the spectronmeters are nonitored by
nmonitoring el ectronics 262. Al though only an FA
weperiwssset er i s depicted, this could be any typ®1B4007/000153
WHA [ ctroneter and, in one enbodi ment of the
Tg$g§gﬁ¥ﬁ?2$§ntion, there may be at | east one FA
1. Affadd ameipdiesysentcatfigugdst opaatgdadwnhot iaRpecdll ®aREShg a formation
. The output of the one or nore neasurenent
Comprisgigect roneters is then used in analysis of the fluid
sanple. The electrical outputs of the spectroneters
are p ' .ght_o kLyen wavel ength
r ange{lt? %%% B]Jilegl @F}S‘?‘%@%E&oe#tt S p%%tlglc#fet ers. This
i nvention provides a | arge nunber of channels covering
a W dgsdnplg eelDbperabl e omiichd takhidaf lewktionb lighikobfte receiving a
acconpl i shed downhol e. In the systens and nethods
sample Ypidthersing said panple cohBuwther pomparisinght sources 180 are
directed at a sanple cell 184. This light interacts

with fluid . i.s callected in fiber hundles .

andr oaae g Bt GAon B et el BB P g sample cel
and throh@h theFampbx g e produéd i elitpay light; spectrometer may be
configured to provide irfformati on over a w de
spectral range, a grating spectroneter may be
conf | Hueastoneryipw vyiadow aHewingrsaid ayitgnt dighbfodtnay perof said sample
range of wavel engths that are of special interest in
determi ning the presence of desired hydrocarbons. In
addition to one function of neasurenents of output

| i ghtatfléaia firss %;@tr@rlnfefebl bferablyaidhngBid ©!BSolput dFehi@dample cell
directly fromthe | ight sources to one or nore

and beinggopfighied te pratreiaid eptput ight aad gaparate ajpiuality of meagurement
ggmﬂgneasurenent spectroneters in nunber and type. This
‘reference signal is used in calibration of the
spectroneters and associ ated el ectronics as their
per f camanbeiseyice bpagblyl donh&@edoduthedPRaat firsesprbflometer and
) nai se envi ronnment downhol e. This architecture reduces .
being cqfigutsidp Eopivgisgid phjralifyefageasuiemsnbricabnauk determingproperties of the
sample #3er attenpts to provide the same information. The
precedi ng description has been presented only to
illustrate and describe the invention and sone
exanpdtéeastd sdcbsd spepiremert apérably cohndctedtotsaiidat Bastemetlight source
. be ?#ghau tive or to lirrif. t he i nventi oq tQ an 6grecis,e
and being fopfigpre i @casraamd gtilight aadiesAate i wahtyflirsiveenss signals;
possible in Iight of the above teaching. The preferred
aspe j ' .
ol o coUF R RO PRE Dp Aty LRI Shbul Rpid Se i begometer
and beirgppifigarted tneeceiVh saip phuralikyrd refesencé giphainandscalibtaaskid fiks
enabl thers skilled in the art to best utilize the
SpeCﬁor?%erquﬁiog}ilFriei?CVBW%us enbodi nents and aspects and with
various nodifications as are suited to the particul ar
i i .nt e . .
2 PEAIRAT: SR clfidited R APERY AL PRIcEEORR Ghipk . herein
CLAIMED | S:
said first spectrometer comprises a first set of two or more spectrometers and said

cell;

second spectrometer comprises a second set of two or more spectrometers, said second set of
spectrometers being identical in number and type of spectrometers to said first set of

spectrometers.
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3.

1. Afluid analysis systemconfigured to operate
downhole in a well traversing a formation conpri sing:

wabtod7@asi3sone | i ght source generating an i nput PCT/AB10p7/600153

FRIRLS 5 SPAEREL A ERNBEIELBodleFLIBRE n SR 1 e

comprisigipl e cel | further conprising: at |east one input

wi ndow al l owing said input light to flowinto said
sanpl e cel] and through the sanple fluid to produce an
out pud Pluradtty of light serses wherewuseistrluiitioeidicht bawpesgesetate light

ACTOSS agﬁ??rgéﬁclnja%%é-o flow out of said sanple cell; at |east

4.

spectronet er operably connected to the output
of said sanple cell and being configured to nmeasure

Bled fhuidwhlyis kygdth canfibigen® sefat@dPhiiod hd defidkd in claim 1 further
measurenent signals; an analysis device operably

comprisgigrtdeaskenea el out puts of said first spectroneter and

bei ng configured to receive said plurality of

Sl BAFT Dot Sp@on e R Syl el R hefohfypa said

sample €gRnected to said at |east one |ight source and being

configured to neasure said input |light and generate a
plurality of reference signals; a calibration device
oper absegordhghicoberterpasitignad betwieen agid seraplesell and said first

qmc&mﬁggpgﬁgneter and being configured to receive said
prura

ity of reference signals and calibrate said
first spectrometer and other electronics. 2. The fluid

anal ysihsrddieht edllcen hbgtibRsll Bepweedaat £ 16RYedlight 8Surce and said
defined in claim1, wherein said first spectroneter

second spepHPMeles a first set of two or nore spectrometers and

5.

sai d second spectroneter conprises a second set of two

I ronet er saj d _second set of . . .
Bl AR RRPES AT R PR Coa PR B RBls Riefinp paclghm 4 wherein
spectroneters to said first set of spectroneters. 3.

The fdaid frsBReéandl sndSthit SFhEQMeb@W RfthéCcdiRiseb®outer configured to
downhol e as defined in claim1 further conprising: a

selectively ot light tefat leagiione 96 a specifiqinprevindew; @ sprcificaipeejorpgter, and at a
spmjﬁcbg%gé sources generate |light across a w de spectra

6.

7.

8.

Thé fluid analysis system configured to operate downhole as defined in claim 1, wherein
said first spectrometer comprises a filter array spectrometer.

The fluid analysis system configured to operate downhole as defined in claim 1, wherein
said first spectrometer comprises a grating spectrometer.

The fluid analysis system configured to operate downhole as defined in claim 1, wherein

said first spectrometer comprises at least one filter array spectrometer and at least

one grating spectrometer.

9.

The fluid analysis system configured to operate downhole as defined in claim 1, wherein

12



4. The fluid analysis systemconfigured to operate
downhol e as defined in claim1 further conprising at
woeawtosg3e of: a first [ight collector positi oretiB2007/000153
between said at | east one |ight source and said sanple
cell; .a secqond light collector positioneg be%meen sg&df alt
s anpFad setond SRePUOHST COPPFISSS NGO FHAse Shecligmgtess g i jdentical to
: I l; PR said at | east one

said ﬁrStIsP%ﬁ{on{s?géJ rng g‘@ﬁ%‘%@f#@@ﬁ%@g@?ﬁr oneter. 5. The
fluid anal ysis system configured to operate downhol e

10.  Tas fe&f ambddis systenaionfigyredie vpiratesiaimahbleras tefiswlciornihimaln gvherein
third light collectors further conprise a router
configured to selectively route Jight to at |east one
of asaidatlepstonp Hight sopresFomprisespRAPETda®Bect r onet er,
and at a specific tine. 6. The fluid analysis system

onfigured.to e ' i 1 akm.l :
1 1R Bl aB S RS ARGt S R B Wy B0 Rl int, whercin

array spectroneter. 7. The fluid analysis system

conf isgidra@ tkati@ne PiehedRircbountpelses ahgliieiinig dicdeo(LEDN 1,

wherein said first spectroneter conprises a grating

spectroneter. 8. The fluid anal ysis system confi gured .
12.  The fpdamdysicrysiehotoafiguredde ppesdte] dwmhaféms Hefingbinglagim 1, wherein

said first spectroneter conprises at |east one filter

array spectroneter and at | east one grating

spectrgt eé‘Ft.onﬁﬁlg%’E%)uf‘felﬁoanpéﬁgml ¥ syst em confi gur ed

to operate downhole as defined in claim1, whereinsaid

13, AHRAR SPESHRIEASH HATRS icéx%lriﬁﬁgz or more

spectroneters and is 1dentical to said first
spectronmeter in nunber and type of spectroneters. 10.
The fprovidingrimpuy Sight sy @deasborid light scurtey oper at e
downhol e as defined in claim1l1l, wherein said at |east

one |ight sourc onpri ses a_hal pgen lanp. 11. The
f1 ui dneEKAISATEN 9@?%@&%%? gell

't 0 operate downhole
as defined in claim1l1, wherein said at |east one |ight

sour G : :
o disfEeBis SREp By e Abb B R Rolt bl kR el MRehe
traversivgthebeigh said simplelfhiidrard protiecieg an swatipdt ight tressisingrikrougly n output
. sour.ce conprjises a laser. 13. A nethod for downhol e
window i said safppleslls conpri si ng:

receiving said output light at a first spectrometer;

generating a plurality of measurement signals by said first spectrometer based on

said output light;

analyzing said plurality of measurement signals to determine properties of said

sample fluid;
receiving said input light at a second spectrometer;

generating a plurality of reference signals by said second spectrometer; and

13



providing input |light using at | east one |ight source;
inserting a sanple fluid into a sanple cell
wonoo7edsess ng sai d i nput Iight to an input w ndeareB2007/000153

o B atemi i ORGP e Rg of

referencd 1ER4IgN an out put w ndow in sald sanpl e cel
receiving said output light at a first spectroneter
generating a plurality of measurenent S|%nal y said
14.  The nsthaipferdowneiefluidanelysisas dafigedintcim 1 her Comprlsmg
anal yzing said plurallty of measur enent S|gnals to
determn

sai d PIOHIPE 11 phetiffortss %E@Wsﬂgilgbe%fﬁ&%'éfoaaﬁlﬁ %

measureReR %E&errﬁéfer@ find @f)ﬁfrﬁﬂ?%f $IORASs é*é}itr&ﬁét@rssﬁzﬁ@ﬂéﬁl sa1d plurahty of
spectroneter; andcal |brat|n? said first spectroneter
light souzaed gendnate lighteasrass pivede swdctrgl xagel plurality of
reference signals. 14. The nethod for downhole fluid
anal ysis as defined in claim13 further-conprising
providing input light froma plurality of |ight
sources to a plurality of measurenment spectroneters
and a plurality of reference spectroneters, wherein
said plurality of light sources generate |ight across
a w de spectral range.
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