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(57) Abstract: A first waveguide has a top face positioned in an oil well borehole for wetting by returning drilling nmd from a drill
bit as drilling progresses, A second waveguide is positioned in the borehole for wetting by new drilling mud being pumped to the
drill bit. MIR light rays are fed from an MIR light source into the first and second waveguides for causing evanescent waves to be
generated by each waveguide for reacting with the molecules of the associated drilling mud, respecttully, whereby a modulated op -
tical signal representative of spectra of components and particles in the associated drilling mud, respectively, are emitted from each
waveguide. The modulated optical signals are converted to electrical signals, subtracted from one another to remove common mode
signals, and passed into a processor programmed for extracting the spectra hydrocarbon components contained in the returning
drilling mud as the result of the drilling activity.
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METHOD AND APPARATUS FOR A MID-INFRARED (MIR) SYSTEM
FOR REAL TIME DETECTION OF PETROLEUM IN
COLLOIDAL SUSPENSIONS OF SERDIMENTS AND DRILLING MUDS
DURING DRILLING, LOGGING, AND PROPUCTION OPERATIONS

FIELD OF THE INVENTION

16661 The field of the present invention relates generally to detection systems for
oil drilling, logging and production operations, and more particularly to systems for
analyzing aqueous colioidal suspensions produced during drilling, logging and

production operations to detect the presence of petroleurn.

BACKGROUND OF THE INVENTION

16662} The detection of hydrocarbons while drilling is currently hinited to the
analysis of C1-Cg hydrocarbons entrained in the drilling mud. This is typically
conducted by desorption of returned mud followed by a gas chromatographic analysis.
The service 1 offered by many well logging companies. Conventional systems
combine g rigorous sampling system coupled to 3 mass spectrometer, allowing precise
fhuid fogging and analysis in real time.

18663} Several service companies offer some form of downhole sensing for
hydrocarbons, Most are based on resistivity mocasuring the difference between oil and
water. Nuclear Magnetic Resonance (NMR ) well fogging is known in the prior art, and
is used to detect and differentiate flowable oil from solid bitumens.

18664} Several service companies offer spectrographic hydrocarbon detection
systems. Typically, for such systems, a tool is lowered by wireline and uses a
spectrometric sensor to deternune if fluid flowing from a specific interval is hiquid, gas,
oil or water. The array of detectors include near IR, or visible light. These sensors are
mostly designed to determine it the fluid flowing 1uto a sample charnber s formation

ol and represents a valid sample to bring to the surface for testing,
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SUMMARY OF THE INVENTION
18865] An object of the invention is to provide an improved system for detecting

the presence of petroleum in aqueous colloidal suspensions proximate to a drill bit
during drilling operations.

10606] Another objoct of the invention is to provide an improved rapid response
system using mid-infrared light emitters, waveguide and detectors for contimuously
providing an analysis of the level of petrolenm produced proximate a drill bit during
actual downhole drilling operations.

16667} With these and other objects of the mvention in mind, the present system in
one embodiment of the invention includes means for producing a mid-infrared (MIR)
tight signal, waveguide means for receiving the light signal (o generate an evancscent
wave that is tfransmitted into drilling fluids being returmed from the dridling bit to the
drifling platform, light receiving means for receiving the evanescent wave after it has
interacted with the returning drilling fhuds passing over the waveguide, detector means
for receiving the optical signal from the receiving means, means for processing the
same into the mid-infrared spectra received from the waveguide, and means for
transmitting or carrying the mid-infrared spectra to the dritling platform for
continnously providing an indication of the presence or absence of petroleum, or other
hydrocarbons, as drilling proceeds, The aforesaid clements are secured within a
housing that is lowered into the drill pipe assembly at a position proximate t0 and
above the location of the drill bit at any given time.

[B008] In another erobodiment of the invention, memory means are inciuded in the
bousing for continuously recetving and storing spectra produced by the detector mceans
to insure later retrieval of the spectra being produced in the event that the spectra
signals being transmitted to the drilling rig are interrapted, or in the event that sach
contimuous output signal monitoring at the drilling rig is not utilized during particular
periods of time,

[G0GG9] In another embodiment of the invention, the aforesaid MIR evanescent
wave detection system is duplicated within the houosing, whereby the secoud MIR
evanescent wave syster is eroploved to retrieve MIR spectra from drilling fluids being

pumped to the drill bit in order to provide a reference signal that is subtracted from the
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spectra signals being received from the associated first MIR evanescent wave detection
system in contact with returning drilling mud containing cuttings and entrained
hydrocarbons (if any) produced by the drilling operation, in order to eliminate or
substantially reduce coramon mode signals thercberween, thereby enhancing the spectra
being received from the returned drilling fluid.

[6618] In yet another embodiment of the invention, a plurality of juxtaposed
waveguides are included for contacting the returned drilling fluid, whereby means are
provided for selecting any one of the plurality of waveguides for use in a given period
of time, thereby permitting switching from a waveguide that has become defective to
one that is operable, and also permitting the use of different polymer coatings on each
of the waveguides for enhancing the evanescent sigoals being received and/or for
selectively receiving spectra of a desired wavelength associated with a particular
hydrocarbon of interest, such as benzene, or toluene, for example. The embodiments of
the nvention utilizing a plarality of switchable wavegnide means for each of the
evanescent wave sensing systers, enhances the long term reliability of the systern, and
reduces downtime for repair of the system.

(66011} In yet another embodiment of the invention, the aforesaid MIR evanescent
wave detection system is placed within 8 standard well logging tool stream and 1s used

1o detect hydrocarbouns while logging.

BRIEF DESCRIPTION OF THE DRAWINGS

(6612} Various embodiments of the present juvention are described in association
with the drawings, in which like items are identified by the same reference designation,
wherein:

Figure 1 shows a block schematic diagram of a conceptual system of the prior
art for detecting the presence of analyte in fluids through use of MIR radiation, the
sensing of evanescent wave or field sensing via clectromagnetic radiation leaked into
the liquid sample impinging upon the waveguide;

Figure 2 shows MIR spectra plots obtained trom pure North Sea oil, and from
water-based drilling mud (WBDM) through use of a waveguide IR-spectrometer, for an

embodiment of the invention;
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Figure 3 shows a MIR spectra plots obtained from the North Sea o1l mixed with
pure water via laboratory experiments uvsing a waveguide IR-spectrometer, for an
embodiment of the invention;

Figures 44 and 48 show graphs of Concentration Percent {(V/V) vs. Sample
Number, and a calibration plot establishing that oil-in-water concentrations greater
than 1% can be measured with a high degree of accuracy, with lower concentrations
being approximated with semi-guantitative results, for various embodiments of the
invention;

Figure 5A shows spectra plots of North Sea oil (NSO) and in synthetic WBDM
at varying concentrations of o1l using an IR-spectrometer and an uncoated zine selenide
waveguide, for an embodiment of the invention;

Figure 5B shows an enlarged detailed view from Figure SA of spectra from
2,800 to 3,000 cm™, for an embodiment of the invention;

Figure 6A shows the average peak area 2,800-3,000 cm™, background
subtracted, for the four NSG-WBDM samples shown in Figures SA and 5B, pursuant o
the invention;

Figure 6B shows an enlarged arca of Figure 6A;

Figure 7 shows plots of the peak arca over 2,800-3,000 cm for synthetic
mixtures of North Sea oil in the Gulf of Mexico sediments, for an embodiment of the
invention;

Figure 8 shows MIR spectra obtained frorg laboratory tests conducted with a
zing selenide waveguide coated with an ethylene/propylenc co-polymer enrichment
membrane for demonstrating the capability of selected detection of light aromatic
species (henzene, toluene, and xylenes, otherwise known as BTX) in oil-water
mixtures, for an embodiment of the invention;

Figure 9 shows MIR spectra obtained fro the detection of trace amounts of oil-
in-water using an uncoated ZnSe waveguide;

Figure 10 shows a block schematic diagram of a portion of a wireline logging
took or device for a first embodiment of the invention;

Figure 11 shows a block schematic diagram of a wireline logging tool or device

of a second embodiment of the invention;
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Figure 12 shows a cutaway view of the device of Figure 9 rigidly installed m a
drill pipe assembly for the first embodiment of the invention;

Figure 13 shows a cutaway view of the device of Figure 10 rigidly installed in a
drill pipe assembly for a second embodiment of the invention;

Figure 14 shows a simplified block schematic diagram of a well logging device
or tool that inchudes a phlurality of waveguides that can be individually selected for use
at any given time;

Figure 15 shows a simplistic mechanical configuration for the embodiment of
the invention of Figure 14;

Figure 16 shows a simplistic mechanical view of vet another embodiment ot the
mvention that is an extension of the embodiment of the invention of Figare 11;

Figure 17 shows a block circuit schematic diagram of the detector, controller,
and memory modules of the embodiment of the invention of Figure 10;

Figure 18 shows a simphlistic block schematic circuit diagram of the detector,
controlier, and memory of the embodiment of the invention of Figure 11

Figure 19 is a simaplistic block diagram of an alternative embodiment in one
portion of the invention of Figures 1¢ and 15, and in combiuation with another portion
thereof is an extension of the embodiment of the invention of Figures 11 and 16;

Figure 20 shows a simplistic block schematic diagram of an alternative
embodiment and extension of the embodiment of the invention of Figures 10 and 15;
and

Figure 21 15 a graphical representation showing estimated detection limits for
various poiymer coatings on a wavegiide relative to the detection of benzene

derivatives, phthalic esters, and phenols.

DETAILED DESCRIPTION OF THE INVENTION

16613} The present inventors recognize that there is a pressing need to improve
systems for determining the presence of trace or minor guantities of oil in agueous
systems or water in oil systems throughout petroleum upstream and downstream
operations. Such systems require sampling and analysis to be taken under hazardous or

extreme environmental conditions. For example, analysis down a well bore requires a
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robust analyzer systern about 4-6" in diameter and several fect in length capable of
operating at depths of up to ~20,000 feet, temperatures of in excess of ~200°C, and
pressures of greater than ~20,000 psi, and 0 the presence of acidic gases {CO, and
H, 8} and high salinity. Determunation of the presence of and quantification of CO»,
C1-Cy4y hydrocarbons, Gas/Oil Ratio, and aromatic hydrocarbons such as henzene,
tohuene, and xylenes in a downhole fluid, allows one to determing the in situ
composition at depth, and thereby the depth of "payzones” of interest. Potential
applications, both downhole and on site at the drill head or other areas associated with

the drilling operation include: 1) Improved mud loogins (e.g., fluid composition and

bypassed and proximity to pay decisions while drilling), 2) Improved well logging

{e.g., fluid composition, reservoir delineation, and optimization of fhad sampling), 3)

Logging while drilling {(e.g., scif-guided drilling, high-resohution continuous logging,

and real-time decisions while drilling), 4) Development/Production {e.g., zone

allocation and smart-well/reservoir performance, and 5) Environmental/Safety (e.g.,

spill-source identification, tank storage/pipeline leakage, site characterization, and
long-term monitoring of remediation).

18614} Present mid-infrared analyzer systems are generally composed of a source,
wavelength dispersing component (prism, grating, interferometer, ctc.), detector, and a
sampling component to hold the fluid being analyzed. Analyzer systoms using a mid-
imfrared waveguide analyzer allow one to climinate traditional transmission type cells
as the sampling component for the fluid. The waveguide analyzer element need only
be in contact with the fhuid to be analyzed, thercby climinating variable pathlength
considerations associated with transmission type cells and decreasing the overall size of
the analyzer. In addition, waveguide-based analyzers are less susceptible to turbidity
and opaqueness of the sample. Finally, waveguide analyzer elements enable additional
surface modification (inchuding but not limited to polymer membranes, sol-gel
membranes, diamond-like carbon coatings, etc.) of the transducer for further enhancing
selectivity, sensitivity, and robustness of the waveguide element for detection in
COTTOSIve envitonments,

16615} Furthermore, using a waveguide analyzer in the mid-infrared region allows

one to take advantage of the rich spectral "fingerprint” information available in this
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region for compositional analysis. Such rich spectral information s not available in the
ultra-violet, visible or near infra-red spectral regions.

16616} Quantom Cascade Lasers (QULs), presently available at single wavelengths
and tanable over a range of 5% of the center wavelength, or used as an array of QCLs
covering a broader spectral window, allow one to analyze cither narrow or wide regions
of the mid-infrared region of specific interest. Such an analyzer usually uses a
transmission type cell as the fluid sampling component, but aliows reduction in size of
the source compounent of a mid-infrared analyzer systern, therchy reducing analyzer
size.

16617} Typical downhole fluids are composed of a water based drilling mud
{WBDM) or synthetic oil based drilling mud (OBDM). Hydrocarbon spectral
signatures have been observed in WBDMSs containing low levels of hydrocarbon, Low
fevels of hydrocarbons in OBDMs are more difficult to analyze because the low level
hyvdrocarbon spectral signatures overlap the intense o1l signatures present in the
OBDM. Use of surface-modified (including but not limited to polymer roombranes,
sol-gel membranes, diamond-like carbon coatings, etc.) waveguide analyzers address
this shortcoming by using the selective recognition and/or enrichiment properties of the
surface modification to enhance the concentration of the aunalyte of interest such as bat
not Himdted to aromatic hydrocarbons present in the fluid to be analyzed (benzeue,
toluene, and xylenes) near the surface of the waveguide thereby enhancing sensitivity
and selectivity.

16618} The techniques described above also have apphications for the detection of
water-in-oil mixtures. Mid-IR detection using uncoated waveguides has proven
successful in distinguishing <0.1% water-in-oil mixtures. Trace amounts of water may
be dissolved, or more likely, dispersed in crude oil as formations are tested both
downhole, subsca, and on the surface, and as ou 15 produced and transported.

10619 The invention provides systems for obtaining mid-IR (MIR) spectra
suitable for determining the abundance and characteristics of crude otl and/or water
under adverse, hazardous, or extreme environments where oil is present as a trace
COMpOonCHE i1 a1 agueous system or water 18 a frace component in 2 hydrocarbon

systern. The detection of trace quantities of oil in oceanic, rivers, and lake waters or in
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near-surface (~<10 m) uncounsolidated sediments will aid exploration in discovering the
location and/or intensity of natural oil seeps. The present MIR detector systems can be
psed in remotely operated vehicles (ROV's), towed analyzers, or core samplers.
Assuraing that the present systems are rugged enough o survive on the drill string near
the drill bit, direct detection of hydrocarbons in the drilling mud can be made to directly
assist the drilling operation. Drill strings have been developed that allow high-speed,
real-time data transmission while drilling. Coupling the present MIR sensing
technology of various embodiments of the mvention with known communication
systems will allow signal processing on the surface, thereby permitting the information
obtained to be used to make real time drilling decisions. Alternatively, data need not be
transmitted back to the surface, but can be used 1o divect the direction of an antonomous
drili bit, to allow "smart” drilling through long passages of horizontal production zones.
[6628] Hydrocarbon detection and characterization while well logging is
envisioned as the most likely first application of the invention. Various known fluid
analyzers are used by service companies mainly to determine if a suitable sample (e.g.,
oil rather than mud, gas or water) has entered a chamber. These fluids are then returned
to the surface for analysis. The ability to not only detect but characterize a fluid’s
composition in-sity would lessen the need for costly sample recovery and provide a
maore detailed picture of the fluid dynamics within a reservoir {e.g., compositional
gradients, current and paleo- oil/water and gas/water contacts) allowing improvements
in field development and production.

18621} The invention is envisioned in one embodiment 1o provide a system to be
lowered on g wireline that provides both power and data communication. As the tool is
lowered, selectively coated waveguides are placed against the formation to be tested
and mid-IR spectra is obtained from floid fowing from the zone of interest. Floid
composition is then inferred using chemometric processing of the mid-IR signal.
Coatings specific for light aromatic hydrocarbons and/or C-Cy organic acids can be
used for mdicators of proximity to pay and detect the presence of hydrocarbon in water
tegs associated with rescrvoirs not penetrated by the well.

16622} Various embodiments of the invention can be used on the surface to

analyze circulated mud for the presence of HC's in conjunction with mud gas detection
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systoms already in wide use, if desived. The advantage of using 4 nmid-IR sensing
system of the present invention to detect higher hydrocarbons over more conventional
methods {e.g., GC or GCMS) 1s that it requires little or no sample preparation, can be
runt by a technician with ounimrm training, and is rugged enough to survive the well
sitc environment with little or no maintenance.

[6623] Alternatively, in another embodiment as described below, the tool or
detection device is ernbedded in the dnll pipe assembly as close to the drill bit as
vibrational counstraints will allow. ¥t can be powered tfrom the surface, and send spectra
data to the surface in real time as drilling proceeds, and/or it can be battery powered
and include a memory chip to store captured spectra data for later use. In this manner
as described below for various embodiments of the invention, fhuid composition can be
monitored during production over tightly spaced zones, This provides an cnabling
technology for "smart field” production where production is automatically controlied
for maximim economic vield

10624 The proper storage and disposal of oil-contaminated mud, water, and
equipment can be monitored at the well site with strategically placed MIR-sensors of
the present invention. These sensors can be emploved to monitor the hydrocarbon
content within and around waste pits to assure that contanmination remains contained
and for monitoring subsequent remediation of the area once dnilling 1s complete.
Similarly, the ability for rapid and widespread monitoring of hvdrocarbon
contamination in waste water will enhance refinery operations. Also, the detection of
oil, gas, and water via the present invention tools or devices installed in pipelines,
tankers, and other modes of transportation can be used to assess the potential for
corrosive damage and monitor fhud quality, by detecting acid gases such as C(, and
H, S,

18625} Several refinery processes will benefit by use of rugged sensors of various
cmbodiments of the invention to detect trace hydrocarbons. For example, acid gases
are scrubbed by flowing through amine solations. The presence of trace amounts of
condensate hydrocarbons can form emulsions. These emulsions are controlled with

chemical additives, but the amine sohution must eventually be replaced. Monitoring for
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trace condensate HC's will permit more efficient operation by mouttoring the efficiency
of the de-emuisifying chemicals.

16026] Measurement via the present inventive devices of the water content in
petroleurn fluids, either during drilling or from evahiation tools allows for reliable
determination of the water saturation, will permit accurate evaluation of the nature and
extent of the transition zone, and determination of the oil-water contact. Currently,
these are typically determined using resistivity measorements {difference in
conductivity between saline water and petroleurn); however, such rocasurements are of
marginal value in reservoirs containing freshwater (e g., lacustrine systems).

166271 Sensing systems of the present invention are operable to detect changes in
the water-content during production from sub-sea, offshore, and onshore prodaction
streams, thereby allowing for rapid response to changes in the oil-water cut of produced
and commingled fluids. This information can be used to optimize formation, well, or
combined field production to meet specific oil quality specifications. Also, accurate
determination of the water content in oil is needed to assure that phase separation
processes were offective such that the produced oil meets transportation specifications,
and remains at specification during transport, can be provided through use of the
present invention.

10628 With reference to Figure 1, a simplistic block schematic diagram is shown
of a prior mid-infrared (MIR) optical sensing system that is operable for detecting and
discriminating multiple analytes, as will be described in further detail below. As
shown, the system 1 includes an infrared (IR) light source 2 capable of emitting hight
rays 3 in the MIR wavelength range from about 2.5 um {micrometers) to 20 um. The
MIR ight source 2 can be provided by any one of a number of light source devices,
mncluding a tunable diode laser (TDL), a quantum cascade laser (GCL), a tunable
quantum cascade laser (TQCL), or a Fourter Transform infrared spectrometer (FTIR),
for example, which example i not meant to be limiting. The light source 2 15 used to
transmit an MIR light ray into a waveguide 4. The waveguide 4, as shown, is a solid
waveguide or thin film waveguide, but can otherwise be provided by an optical fiber
waveguide, or a hollow waveguide. However, the inventors have determined that the

waveguide 4 is more robust if provided by a solid waveguide, rather than by an optical
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fiber waveguide, or hollow waveguide. Suitable thin film waveguides arc shown 1o
U.5. Patent Application Publication No. US 2009/020642 A1, published on August 20,
2009, under the title “Film Thin Waveguides, Methods of Fabrication Thereof, And
Detection Systems,” the teaching of which are incorporated herein to the extent they do
not conflict herewith. Regardless, the outer surface of the waveguide 4 may be coated
with 8 protective membrane § and/or with a hydrophobic polymer layer 6 that provides
for an enrichment membrane for optimizing the detection of analytes in water, for
example. As will be discussed in further detail below, when an MIR lightwave 15
passed into the waveguide 4, the waveguide 4 causes an evanescent field to be
developed that is passed into the liquid sample 7 covering the waveguide 4, whereby
molecules 12 of the hiquid 7 interact with the evanescent wave, producing an
evanescont wave modulated signal that is carried from the waveguide 4 via a lightray 9
to an IR detector 10. The IR detector 10 converts the received optical signal into an
electrical signal, and feeds the same to a processor 11 that typically employs analog and
digital processing of the received signal. In effect, the processor 11 is utilizing
chemometrics for extracting information via data-driven means. In this example, the
imformation is associated with the spectra of the molecules of the analyte excited by the
evanescent field. Note that although a sohid waveguide 4 is shown, it 18 not roeant to be
fimiting, and although less preferred, the waveguide 4 can be provided by an optical
fiber, or a hollow waveguide (for gas detection), as previously mentioned.

(6629 Broadly tunable laser light sources (such as, e.g., external cavity coupled
tunable QCLs) or QCL arrays can preferably provide Hight source 2, to enable tatloring
the sensor device or system 1 performance anywhere in between broadband and
narrowband device coneepts. Most commonly, IR sensors are combined with Fourier
transform infrared (FT-IR) spectrometers or grating spectrometers inherently providing
the capahility of multi-component analysis and a high degree of flexihility.
Miniaturized sensors for target analysis utilize tunable lead salt laser diodes or, more
recently, quantum cascade lasers. Also, optical parametric osciliators (OPQO) gain
importance as mid-IR light source as physical dirnensions of OPOs decrease. While
fight emitting diodes (LEDs) in the mid-infrared range are commercially available, their

applhicability is Himited due to low radioactive energy output. At high concentration
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tevels, the combination of black body radiators with wavelength selecting bandpass
filters certainly represents a cost efficient solution.

18836} Fiber optic sensing schemes are divided into two main groups: (i) direcs
sensors divectly detecting changes of optical propertics or spectral characteristics ot the
sample, and (i1} indirect sensors or indicator-based sensors utilizing various types of
chemical recognition processes translating chemical signals generated at the interface
with the sample into changes of analvte specific optical signatures. In the latter,
characteristic spectral IR features of analytes are jnvestigated afier rocmbrane
extraction or membrane enrichment within the probed analytical volume. Ideally, the
sensing membrane is directly coated onto the transducer surface. Frequently, such
systems are classified as physico-chemical sensors, Most mid-infrared sensing
schemes are based on the fundamental principle of internal reflection spectroscopy
{(IRS) or more specifically attenuated total reflection (ATR).

18631} Total internal reflection of electromagnetic radiation occurs, when light
rays 3 at an angle of incidence greater than a critical angle &, (with &, = aresin na/ng)
is reflected at the interface between the optically denser waveguide 4 and the adjacent
optical thinner mediurg 6, e.g., a polymer enrichment membrane 6 coated onto the
waveguide’s surface (see Figure 1). The result of the total internal retlection process is
that part of the clectromagnetic radiation that is propagating along the waveguide
surface leaks mto the contiguous environment. Such exterally guided radiation is
called an evanescent wave or evanescent field, as previously mentioned. The
evanescont wave penctrates with exponentially decaying field amplitude into the
adjacent medium and interacts with molecular species 12 present within the probed
analytical volume.

16632] For a waveguide 4 (vefractive index #;) and an adjacent sample moedium or
an enrichment membrane 6 coated on top of the waveguide {refractive index #,) with
n1>n,, at a given wavelength 4 the penetration depth of the evanescent field 4, can

nominally be calculated as shown below in Equation 1
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16633} For aqueous phase measurements the thickness of the enrichment
membrane 6 is selected to be larger than the maximum nominal penctration depth of the
evanescent field in the spectral region of interest. Waveguide-protective coatings S
such as, e.g., diamond-like coating (DLC) may be much thinner than the penetration
depth, as direct sensing is applied. Any combination of thin-film protective coatings S
overcoating enrichment membranes 6 is, of course, possible. Using hydrophobic
polymers for the membranes 6 for providing analyte enrichment will minimize the
presence of interfering water within o, for IR chemical sensors. The interaction of the
evanescent field with enriched molecular or tonic species 12 provides IR spectra similar
to conventional absorption measurements recorded in a transmission arrangement.
Advantageously, the evanescent wave propagates at the waveguide/mocmbrane
interface. Mintmal disturbances from adverse physical properties of the sample matrix,
such as turbidity, have been confirmed.

186341 ATR spectroscopy in the mid-infrared spectral range has become a well-
established and widely used technigue in analytical chemistry utilizing conventional
macroscopic ATR waveguide elements made from materials such as zine scienide
{(ZnSe), zine sulfide (ZnS), various thallium bromides (KRS-5, etc.), germanium {Ge),
or silicon (81), and shaped as prism, trapezoid, rod or hemisphere. However, only the
mntroduction of mid-infrared transparent fiber optics enabled converting this laboratory
technique into what is now called fiber optic evanescent wave sensing (FEWS)
technology.

16635} Infrared optical fibers are defined as waveguides transmitting radiation at
wavelengths >2 ym. According to the fundamental material properties they are divided
into four main categories: glass fibers (e.g., chalcogenides, fluorides), (polyjorystalline
Sfibers {e.g., silver halides, sapphire), hollow waveguides (2.g., hollow silica or sapphire
tubes), and solid waveguides {e.g., thin film planar GaAs/AlGaAs).

18636} Noun-sifica-based IR transparent fibers first appeared in the 1960s and were
made from arsenic trisulfide. It was not until the early 1970s that single crystal fibers
were reported with a wide variety of new IR transparent waveguides to follow soon
thercafter based on demand driven by short-haul military applications and surgical CO,

laser radiation delivery.
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16637} Despite their advantageous chemical and mochanical propertics only a few
sensing applications of sapphire fibers are reported inchuding the measurement of
gaseous hydrocarbons at high temperatures and cycle-resolved vehicle engine emission
monitoring.

[6G38] Flaoride fibers are characterized by low attenuation losses. However, their
MIR transmission window is limited and they are susceptible to moisture. Applications
have been demonstrated, e.g., for the investigation of propane diffusing into a Teflon
cladding.

(6639 Chalcogenide glasses are constdered the technically most advanced IR fiber
optic waveguides and have been used, e.g., for remote hydrocarbon gas sensing and for
the determination of organic sohites in water.

16648] Tellurtum halide fibers are highly resistant against corrosion and
degradation with applications reported, e.g., for the spectroscopic determination of
alcohol in water.

168411 Silver halide fibers are among the most promising materials for the
development of fiber optic IR sensor providing access to the whole MIR spectral range
of interest (2.5-25 pm). Bue to the versatility of these fibers a wide variety of sensing
applications for the detection of organic compounds have been reported.

(6642} Using structural tubes made from dielectrics, metals or metal coated
materials provide hollow waveguide structures considered as optical fiber with an air
core. IR radiation is guided by reflection at the inside walls. Hollow waveguides
simultancously acting as capillary flow cell enable gas sensing applications fora
multitude of relevant compounds.

10643} Finally, thin-film planar GaAs/AlGaAs waveguides 4 have recently
revolutionized IR sensing by enabling the full integration of structured MIR transparent
waveguides onto the wafer scale. Thereby, the - hybrid or even monolithic - integration
of entire IR sensing devices combining QCLs, waveguide (transducer) and detector is
facilitated for the first time.

[60G44] YVarious embodiments of the present invention will now be described in

detail below,
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16645} Hydrophobic polymer layers 6 (including but not lmited to Teflon AF
(1601, 2400), poly(dimethylsiloxane) (PDMS), poly(isobutylene) (PIB), poly(cthylene-
co-propylene) (E/Pco), poly(styrene-butadiene) (PSB), low density polyethvlene
{LDPE), polybutadiene cis/trans (PBCT), poly(acrvlonitrile-co-butadiene) (PAB),
poly{acrylate) (PA), poly{dimethylsiloxancYpoly(divinytbenzene ) (PDME/DIVEE), and
polviethylene glveolypoly{divinytbenzene} (Carbowax/DVB). Organically modified
sol-gels (ORMOSILs, ete.) are coated onto the actively transducing wavegude 4
surface following the general concept of solid phase microextraction (SPME). Hence,
water is widely excluded from the analytical volume probed by the evanescent field.

As an example, water/polymer partition coefficients of volatile chlorinated
hydrocarbons ruay range from 100 to 10,000, Appropriate roembrane sclection is based
on screening the partition coefficients of selected analyvtes between liquid phases or
mud based samples and the respective polymer membranes.

18046} Selection of appropriate enrichment membranes is of use for optimizing the
Hirait of detection (LOD), while the coating thickness will manly influence the sensor
response time. As recently modeled, the sensor response time is substantially atfected
by the diffusion behavior of analyte molecules in the water column. Minimized time to
reach equilibrinm conditions is positively promoted by higher flow velocities and
higher diffusivity, which can be accomplished by optimized flow cell design.

166471 Protecting the waveguide 4 surface from corrosion in harsh environments is
an aspect of the present invention. Diamond-like carbon (DLC) layers (5(-200 nm
thick) 5 serve as a robust IR-transparent thin-film protection at the waveguide 4
surface. These layers may of course be combined with an earichment scheme, as
discussed above.

[6648] Selection of appropriate detection schemes s among the parameters
deterroining the achievable hmit of detection. Broad-band semiconductor detectors,
such as hiquid N, cooled mercury-cadmium-telluride (MCT) systems, are most
commonly used for high-sensitivity applications. Various detector materials with
broad- or narrowband response are available throughout the entire mid-infrared spectral
range. Field deployable IR sensors usually rely on thermoelectrically cooled MCTs or

room-iemperature operated deuterated tryglycine sulfate (BTGS) detectors,
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Semiconductor detector elernents may be packaged within muntaturized closed-cycle
Stirling coolers providing operation temperatures as low as 77 K in a detector package
of approx. 10 cm’. Less costly detector solutions for higher concentration ranges are
hased on pyroclectric materials or thermopiles. Microfabricated wavelength selective
detection devices based on quantum well infrared photoconductive (QWIP) detectors or
microbolometers are of increasing importance in combination with monochromatic
tight sources.

16649 The ability of a maid-IR spectrometer to detect trace amounts of oil ina
synthetic water-based drifling mud was tested by the inventors in a series of
experiments using un-coated and coated wavegmdes. In Figure 2, the mid-infrared
{(MIR) spectra of pure North Sea Gil (INSO) 13, and water-based drilling mud (WBDM)
14 are shown.

10656} The water-based drilling mud (WBDM) 14 exhibits a large broad
absorbance feature from ~3800 to 2800 cm™’ due to water, while the North Sea ofl
(NSO) 13 is characterized by a sharper absorbance feature at 3000-2850 cm™ due to
the stretch of C-H bonds. Other absorbance features at ~1470 cm” and at ~1380 are
due to the C-H scissoring and C-H methyl rocking.

18651} Mixing varying trace amounts of otl in pure water result in the hydrocarbon
signatures superimiposing on the water spectra, as shown in Figure 3. The 3000-2250
cm’™’ rogion proves to be most useful for detecting the North Sea oil signature 16 with
the absorbance diagnostic of the amount of added oil. The lfevel of detection s
conservatively estimated o be ~ 0.005 %. The NSO mixed with pure water exhibits a
farge broad absorbance feature 15 from about 3800 cm™ to 2800 cm™ due to water.
Other absorbance features at about 1470 cm™' and 1380 cm™ are due to C-H scissoring
and C-H methy] rocking. Sumilar test were conduocted on o1l in unconsohidated
sediments (Gulf of Mexico). The level of detection 5 conservatively estimated to be
~.04%.

18852} For determining the level of oil detectable in synthetic water-based drilling
muod (WBDM), a blind-test was conducted whereby four samples of varying ol
concentration were prepared by other than the present inventors, and analyzed without

their prior knowledge of the concentrations. These tests were conducted using
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uncoated zine selenide waveguide. Of the four samples, all but WBDM-1 were above
background and were reported with measurable oil. After completion of the test, the

concentrations of the mixtures were revealed 1o be as shown below in Table

Fable 1
WHRDBM Sample % NSO (volvoly in WRDM
WRDM-4 4.656
WBDM-2 (0.863
WBDM-3 (.105
WERDM-1 (.012
18653] Rased on these vahues, a lower timit of detection of o1l using an uncoated

waveguide was ~ 0.1%. Figures 5A and 5B show the spectra obtained. Figures 6A and
6B show the Average Peak Area 2800 cm” to 3000 o background subtracted, for
the four samples of NSO WBDM 1-4 of Figures 5A and SB.

18654} Additional tests, the results of which are shown tn Figures 4A and 4B,
show that a calibration curve can be established such that oil-in-water concentrations
>1% can be measured with a high degree of accuracy while lower concentrations can
be approximated with semi-~quantitative result. Concentrations <0.5% are difficult to
quauntify due to oil agglomeration and phase separation.

18655 Tests conducted by the inventors with a zine selenide waveguide coated
with an ethylene/propylene co-polymer enrichment membrane demonstrated the
capability of selective detection of light aromatic species {benzene, toluene, and
xkylenes, BTX) in oil-water moixtures. The polymer coating enriches the material
exposed to mid-IR detection by selectively sbsorbing BTX dissolved in either water or
from water-based drilling muds. In these experiments, SO ppm tetrachloroethylene
{TeCE) was spiked into the North Sea O1l (NSO) to provide an estimate of relative
abundance.

10656] Figure 7 plots the peak area over 2800-3000 cm™ for synthetic mixtures of
North Sea oil in Guif of Mexico recent sediments. The level of detection and rehability
of quantification are similar to that seen for 0il-WRBDM mixtures.

(6857} Figure R shows resulis from a series of tests conducted with a zine selenide

waveguide coated with an ethylene/propylene co-polymer enrichment membrane
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demounstrated the capability of selective detection of light aromatic species (benzene,
toluene, and xylenes, BTX) in oil-water mixtures. The polymer coating enriches the
material exposed to mid-1R detection by selectively absorbing BTX dissolved n either
water ot from water-based drilling muds. In these experiments, 50 ppm
tetrachloroethylene (TeCE) was spiked into the North Sea Oil (NSO} to provide an
estimate of relative abundance. Accordingly, these tests demonstrated the enrichment
of the BTX and the TeCE spike, and detection thereof by mid-FTIR (Fourier transform
IR}). From the response over time, the inventors determined that near equilibrium
occurs after about thirty minutes. The inventors further recognized that since different
coatings can be utilized that are respectively sensitive to different types of petrolenm
compounds, an array of detectors or waveguides cach with different polymer coatings
will permit detection of detailed compositional information.

[GG58] Figure 9 shows spectra obtained for the detection of trace amounts of oil-
i-water using a uncoated ZnSe waveguide, All measurements used a resolution of
Tem™ . All samples were prepared by mixing ol and water using magnetic stirring
bar/magnetic stirring plate for 45 min. One mL of the sample was then deposited on
the deposited on ZnSe crystal and each sample was analyzed for 45 min (30 spectra
were taken) with resolution lom™'. Based on these results the limit of detection was ~
0.1% of water in oil. However, it was noted that the absorbance of OH peak increases
with additional time due to separation of water and oil on ZnSe crystal. Nevertheless,
these experiments show that techmique can provide semi-quantitative measurement of
trace amounts of oil-in-water,

16659] As previously mentioned, the present invention is mainly for measuring
trace or minor quantities of oil in aqueous coloidal suspensions of geologic sediments
and/or drilling muds or trace or minor quantities of water 1o petroleum systems in real
time as drilling proceeds. The invention consists of a mid-infrared spectrometer and
the application of the mid-infrared spectrometer to colloidal systems. Referring again
to Figure 1, the basic invention includes an IR light source 2 for emitting mid-infraved
radiation 3, an optical fiber (not shown) for carrving the MIR from the source 2 into a
coated or non-coated waveguide 4, and another optical fiber (not shown) for carrying a

modulated MIR light signal 9 from waveguide 4 to an IR detector 10,
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[68649] The MIR light source 2 can be once of several conventional devices, but
preferably is a quantum cascade laser (QCL) capable of emitting at one or more
specific wavelengths. The emergence of broadly tunable laser light sources {such as,
e.g., external cavity coupled tunable QCLs) or QCL arrays enable tailoring the sensor
performance anywhere in between broadband and narrowband device concepts. In the
best practice implementation of the invention, 2 quantum cascade laser or lasers are
ased as the source(s) emitting at a fixed or variable frequency.

186611 The IR detector 10 can be provided by several conventional sensors (e.g.,
broad-band semiconductor detectors, pyroelectric materials or thermopiles, and so
forth, as mentioned above) or, in the preferred embodiment, is a microfabricated
wavelength selective detection device based on quanturn well infrared photoconductive
{QWIP) or roicroboloracters in combination with roonochrorsatic light sources.

10662} The present invention is directed to application of MIR-ATR spectroscopy
for HC-detection in aqueous colloidal suspensions such as drilling muds coupled with
the adaptation of novel technologies such as QCLs, thin-film waveguides, and quantum
well infrared photoconductive detectors, for example. The present invention includes
the use of this instrumentation to detect minor or trace amounts of petroleum within an
aqueous colloidal suspension involving drilling mud, drill cuttings, and unconsolidated
seduments. Through the previously discussed experirpents, the inventors determined
that using a waveguide analyzer in the mid-infrared region allows one to take
advantage of the rich spectral "fingerprint” information available in this region for
compositional analysis. Such rich spectral information is not available in the UV/Vis
or NIR (near infrarcd) regions used in the systerns of the prior art. The present
mvention provides for detection of generic hydrocarbons, or through the use of
selective wavelengths and waveguide coatings, the detection of specific hydrocarbons,
such as henzene and toluene.

10663} Potential applications for the present invention, both downhole and on site
at the drill head or other areas associated with the drilling operation inchide improved
mud logging (fluid composition and bypassed aund proximity to pay decisions while
drilling); improved well logging (fluid comaposition, reservoir delineation, and

optimization of fluid sampling); logging while drilling (self-gnided dritling, high-
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resolution continuous logging, and real-time decisions while drilling); detection of oil-
based drilling mud in connate water samples; development-production {zone allocation
and smart-well/reservoir performance); and/or environmental/safety (spill-source
identification, tank storage/pipeline leakage, site characterization, and long-term
monitoring of remediation). Other potential applications involving detecting minor or
trace amounts of petroleum in recent sediments can include: in sity detection of nataral
petroleurn seepage in sediments; detection of nataral petroleum seepage in sediments
recovered as cores or grab samples and brought to the surface; in siry detection of
petroleum and recovered sediments resulting from accidental release; and/or
measurement of petroleum contamination in controlled efftuent releases such as used
dritling mud, sewage treatment, and ship bilges.

[0664] Trace amounts of water may be dissolved, or more likely dispersed, in
cride o1l as formations are tested both downhole, subsea, and on the surface, and as oil
is produced and transported. Applications for detecting water-in-oil include (but are
not Himited to) measurement 1o drill sterp test fluids to determine depth and extent of
oil-water contact, reservoir fransition zone, and water saturation; real-time monitoring
of production fluid quality from either discrete formations, single-well, or commingled
field operation; chemical-igections during well testing and treatment; top-side facilities
such as fluid separators; oil quality measurements to meet pipeline and transport
specifications; and monitoring of water washing and/or desalting operations.

18665] With reference to Figure 10, an embodiment of the tuvention for a device
ot sensor apparatus 100 for deterraining the amount of petroleum in dritling mud 1s for
inchusion in a wire line logging tool assemblage, as described below for Figure 12.
Power is provided by the wire line or power cable 101 into a bus array 111, or by
batteries (not shown). A source controller 102 regulates an MIR source 103 to assure
emission of mid-infrared radiation at a constant output over a fixed range of frequency
or at specific frequencies, in 8 pulsed or continuous mode, for example. The MIR light
source 103 1s preferably a quantum cascade taser (QCL) that 1s designed to emit MIR
rays at variable or fixed wavelengths, Other more conventional sources may be used,
but with lower or less exact emissions and/or higher power requirements, as previously

mentioned.
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16866] The emitted radiation (MIR light ray) is conveyed via an optical fiber or
cable 104 1o a waveguide 105, The MIR source signal propagates through the
waveguide 105 via a series of internal reflections. The result of the total internal
reflection process is that part of the clectromagnetic radiation that is propagating along
the waveguide surface leaks into the contiguous environment. Such externally guided
radiation is called the evanescent wave or evanescent field, as previously mentioned.
The evanescent wave penetrates with exponentially decaying field amplitude into the
adjacent mediurn and interacts with molecular species present within the probed
analvtical volume. This interaction causes the evanescent wave to be modulated. The
puter surface of the waveguide 1035 is in contact with the drilling mud and formation
fluids that are swept over the waveguide, in this example. The waveguide can be
coated with diamond-like substances 5 (see Figure 1) for robustness and/or polymer
coatings 6 (see Figure 1) that are selective for specific types of hydrocarbons, e.g.,
benzene and toluene.

186671 The evanescent wave modulated signal 15 conveyed via an optical fiber or
cable 106 to a detector 107, which in the preferred embodiment is a quantum well
infrared photoconductive detector. Other more conventional detectors may be used, but
with lower sensitivity, less resohition, and/or higher power requirements. A detector
countrolier 108 operates the detector 107, provides automatic gain control (AGC),
processes the output signal from the detecior 107, and sends a processed signal to the
surface 409 via a signal wire tine 109, Alternatively, the detector controller 108 may
store the data or processed signal in a flash roemory 114 for vetrieval afier the device or
sensor apparatus 100 is removed from the associated wellbore. Alernatively, at the
same time data is being stored in memory 114, it can also be transmitted to the surface
via signal Hne 109, The MIR scurce 103, waveguide 105, detector 107 and associated
electronic system for controllers 102 and 10¥ are mounted between an electrically
conduactive bus array 11 that provides both support and power/data commumication
between the controllers 102 and 108, The entire unit 1s sheathed within heat resistant
msulators 111 {cerarnic material, for exarople) and housed in a steel container 112
{corrosion-resistant high strength steel, for example) that may be included in or

segmented with other well logging tools.
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16668] In another embodiment of the invention, a tool or device or apparatus 200
for determining the amount of petroleum in drilling mud as part of a system to take
measurements while drilling, is shown in Figure 11, Power is provided by batteries
{not shown) or from the surface via power line or cable 201 into a bus array 213 for
distributing power. A source controller 202 regulates an MIR light source 203 to
assure emission of mid-infrared radiation at a constant output over a fixed range of
frequency or at specific frequencies. The MIR light source 203 1s ideally a quantum
cascade laser that is designed to eroit at variable or fixed wavelengths, Other moore
conventional sources can be used, but with lower or less exact emissions and/or higher
POWEE requirements.

16869] The emitted MIR light ray is conveyed via an optical fiber or cable 204 to a
waveguide 205, The outer surface of the wavegnide 205 1s in contact with the dridling
mud as it is pumped to the drill bit. The waveguide 205 can be coated with diamond-
tike substances 3 (reference Figure 1) for robustness and/or polymer coatings 6
{reference Figure 1), as previously described, that are selective for enhancing sigoal
pickup and/or for specific types of hydrocarbons, e.g., benzene and toluene. The
modulated signal produced is sent via an optical fiber or cable 206 to a detector 210, A
second source signal is conveyed via an optical fiber or cable 207 to a second
waveguide 202 that is coated in the same manner as waveguide 205, Waveguide 202 s
in contact with the returning drilling mud that contains cuttings and entrained
hyvdrocarbons liberated by the drilling. The signal from waveguide 208 is conveyved via
an optical fiber or cable 209 1o the detector 210, A detector controller 211 8
programmed to operate the detector 210, and compares the signals from the introduced
drilling mud and the returning drilling mud. The signals are processed by controller
211 to subtract the background spectrum or background signal (common mode) from
the return signal, thereby improving the signal-to-noise ratio for the spectra of nterest.
Hatrained or emulsified petroleum is detected by processing the difference signal. The
processed signal from detector controlier 211 1s sent to the surface via signal line or
cable 212 and/or to a data storage device, such as a flash memory 218, for retrieval
atter the sensing tool or device or apparatus 200 is removed from the wellbore (not

shown). The MIR source 202, waveguides 205 and 208, detector 210, associated
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clectronic circuits and networks for controllers 203 and 211 are mounted between bus
213 that provides both mechanical support and power/data communication between the
controliers 203 and 211, The entive unit 200 is sheathed within heat resistant insulator
material 214 that also provides shock protection, and further housed in a steel container
215 that is embedded within a drill pipe (see Figure 13). The insulator material 214 can
be ceramic or sapphire material, and the steel container 215 can be corrosion resistant
stainless steel or titanium, for example.

16670} In Figure 12, MIR sensor apparatus 100, as described above, is shown
secured within a drill pipe assembliy 400 proximate a drill bit 402 within a well
borehole 404, The sensor apparatus 100 is close to but far enough above drill bit 402 to
avoid excessive vibration. A distance ranging 10 to 30 fect may be required. Newly
introduced drilling mud 406 is pumped into the drill pipe assembly 400, and exits from
or near drill bit 402 into the borehole 404 space outside the drill pipe assembly 400,
The retuming drilling mod 408 1s forced out of the borehole 404, as shown, and
returned to the surface 409, A portion of the returning drilling mud 408 passes over
waveguide 105, for continuous or periodic sampling for hydrocarbons, as described
briefly above relative to Figare 10, and in greater detail below. Signal line 109 extend
to the surface 409 fo transmit spectra signals for analysis.

10671} In Figure 13, MIR sensor apparatus 200, as described above, is shown
secured within a drill pipe assembly 400 proximate a drill bit 402 within a well
borehole 404, Sensor apparatus 200 is secured as close to drill bit 402 as possible, but
at a position free of excessive vibration produced during drilling (about 10 to 30 feet,
for example). As described above, sensor apparatus 200 samples newly introduced
drilling mud passing over waveguide 205, and returning drilling mud 408 passing over
waveguide 208, Signal line 212 extends to the surface to transmit spectra signals for
anaiysis.

166721 Note that the device 100 is typical for use as a wireline lowered bore-hole
analyzer and should be no greater than 4 inches in diameter. Device 200 will
preferably fit within the thickness of a drill pipe so its width is much narrower
{conventionally 1-2 cm). Length is not critical for cither device, and can extend from

four feet to over six feet, for example.
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[6673] The optical fibers 104 and 106 of device 100, and 204, 206, 207, 209 of
device 200, are IR optical fibers (usually 300-1000 urm in diamcter at various lengths)
made from material such as chalcogenides, silver halides, sapphire, for example. The
Planar thin-film waveguides 105 of device 100, and 208 and 208 of device 200 can be
made from GaAs/AlGaAs. GaAs/AlGaAs are ideally corapatible with and tatlored to
QUL emissions,

16674} The detector controllers 108 and 211 of devices 100 and 200, respectively,
are programumed to use known multivariate data analysis (chomometrics) using
Eigenvector-based methods for evaluating (i) overlapping spectral signatures, and (i)
for quantitatively discriminating variations of the target analyte concentrations from
background fluctoations and drifts. These algorithms have already been implemented
for unattended operation of mid-intrared chemical sensor systeras. Chemometric
algorithms, and in particular principal component analysis/regression (PCA/PCR) and
partial least squares (PLS) technigues are ideally suited to address the data processing
for devices 100 and 200

[6675] With reference to Figure 14, an extension of the embodiment of the
invention of Figure 10 is shown. The extension includes the use of a phurality of
juxtaposed waveguides 304, An MIR source and controller 302 provides MIR hight
rays that arc conveyed or carried by optical fibers or cables 303 to the phurality of
waveguides 304, respectively. Modulated light signals emitted from the plurality of
waveguides 304, as previously described for the device of Figure 11 that includes a
single waveguide 203, are conveyed or carried by a plorality of optical fibers or cables
305, respectively, to an MIR detector and controller 306 for processing to derive the
spectra from each of the received light rays for transmission to the surface, as will be
described in further detail below. Also, as described further below, the device or
system 300 can be readily designed in various embodiments of the invention for
operating with just a single waveguide 304 at any given time, whereby if the waveguide
becomes defective, it can be replaced by an operable one of the other plurality of
waveguides 304, Also, as will be described below, the system 300 can be otherwise

configured for coating each of the waveguides 304 with a different polymer or polymer
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combination to optimize detection of particular different analyte spectra of interest,
whereby each of the phurality of waveguides 304 are operable at the same time.

18876} In Figure 15, a simplistic mechanical configuration for the embodiment of
the invention of Figure 14 is shown. The phirality of waveguides 304 is juxtaposed
within a circular housing 348, The housing is enclosed by a rotatable sleeve 350, with
the sleeve 350 including a longitudinal open channel or slotway 352, whereby the collar
350 15 votatable for exposing a desired one of the waveguides 304, T one of the
waveguides 304 becomes defective, 4 user merely has to rotate the collar 350 to expose
an operable waveguide 304, to permit reduced downtime due to repair. Note that the
materials for the housing 348 and collar 350 can be selected from any suitable
corrosion resistant material, such as stainless steel,

(6677} As shown in Figure 16, another embodiment of the jnvention, which is an
extension of the embodiment of Figure 11, includes a circular housing 354, in thig
example, in which are mounted a phivality of juxtaposed waveguides 304 in one
portion, and in an opposing portion a plurality of juxtaposed reference signal
waveguides 412, for example. For this configuration, as will be described in further
detail below, both electrical and optical switching means are utilized for selecting the
ones of the waveguides 304, and 412 that are to be operable at any given time. Tt is
important to note that the roechanical configuration of Figures 15 and 16 are given for
purposes of example only, and are not meant to be limiting,

{6678} In Figure 17, a block schematic circuit diagram is shown to provide further
details of the detecior 107, and controller 188, The controlier 108 includes an
automatic gain control (AGC) 127 for maintaining the signal levels from operational
amplifier 122 of detector 1(37. Note that the circuit schematic does not inchude the MIR
source 102 and controller 103, but 1t 1s expected that known QUL MIR sources and
QCL controllers, available off-the-shelf or in modified form, are preferved for use in the
various embodiments of the invention, as previcusly mentioned above. Returning to
Figure 17, the modulated fight ray or wave emitted from waveguide 105 is conveyed by
optical fiber or cable 106 to detector 107, In this exarple, detector 107 includes a
photodiode 120 that is responsive to the modulated light ray from optical fiber or cable

106 for producing an electrical current that is detected by operational amplifier 122. Ag
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shown, operational amplifier 122 includes a feedback resistor 124, and s powered by
the positive DC voltage, V+, and negative DC voltage, V-, Also, the anode of
photodiode 120 and non-inverting terminal of operational ampiifier 122 are connected
in common to a source of reference potential 121, typically ground. The modulated
electrical output signal from detector 107 is connected to an analog-to-digital converter
106, for converting the analog modulated electrical signal into a digital output signal
that is fed to a microprocessor 128, The microprocessor is programmed to process the
data signal if receives into a spectra signal, which is fed both to a memory 114, and to
an amplifier 130, the outpuat of which is fed to signal wire 109 for transmitting the
processed spectra signal to the surface 409 for analysis or review. The controller 108
can be operated by means not shown to permit the processed spectra signal 1o be both
stored in memory 114 and transmitted via signal wire 109 to the surface 409, or to only
transmit the spectra to surface, or to only store the spectra in memory 114 for later use.
This example of a detector 107 and controlier 108 s not meant to be hmiting, but is
given for purposes of example.

16679] With reference to Figure 18, a block circuit schematic diagram is shown for
providing an example of a detector 210 and controller 211 for the embodiment of the
mvention of Figure 11, o this example the controller 211 s provided with an AGC
system 231 for maintaining desired output signal levels from differential amplitier 22¥,
As shown, the detector 210 includes a first auto detector circuit inchuding a photodiode
220, operational amplifier 224 with a feedback resistor 226, whereby the photodiode
220 s veceptive of @ modulated light ray or signal from optical fiber cable 206, for
converting the same into an electrical signal that is outputted from amplifier 224 for
connection to an inverting terminal of ditferential amplifier 228. A second
photodetector circait also inchudes a photodiode 220, operational amplifier 224 with a
feedback resistor 226, as shown, In this circuit, the photodiode 220 is receptive of a
modulated light signal or ray from optical fiber 209, for converting the same into a
modulated electrical signal that 1s outputted from the associated amplifier 224 for
conuection 1o the non-inverting terminal of differential amplifier 228, This latter
modulated electrical signal is a reference signal obtained from drilling mud 406 being

fed to a drill bit 402, as described relative to Figure 13, The signpal at the non-inverting
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terminal of differential amplifier 228 is representative of the spectra detected from
drilling mud 408 that includes particies, hydrocarbons, and so forth derived during the
drilling process, as previously explained. The output signal from differential amplifier
228 s free of convnon mode signal portions between the reference signal applied to the
mverting terminal being subtracted from the sample sigoal applied to the non-inverting
terminal of amplifier 228, As previously described, the use of common mode signal
extraction enhances the detection of trace amounts of various hydrocarbons in water, in
this examaple. The analog-to-digital converter 230 converts the analog output signal
from amplifier 228 into a digital signal that is fed to microprocessor 234,
Microprocessor 232 is programmed to process the digital data signal to provide the
associated spectra signal or signals detected, and selectively feed the same via amplifier
232 to the surtace 409 on signal line 212, and/or to memory 218,

{6680 In Figure 19, a simplified block schematic diagram is shown for providing
non-mechanical means for selecting for operation individual ones of a wavegumde array
304 of a plurality of waveguides. More specifically, MIR source and controller 302
provides an MIR light ray or light wave to an optical switch 308 that is controlied by an
optical switch controller 310 receptive of control signals from signal line 212. The
optical swiich controller is operable for controlling the optical swiich 308 to selectively
connect the MIR light ray 301 to one of a plurality of optical fibers 303 connected
mdividually to an input end of the plurality of waveguides of waveguide array 304,
respectively. A plorality of optical fibers or cables 3035 are individually connected o
the output side of individual ones of the plurality of waveguides of the waveguide array
304, respectively. Another optical switch 312 controlled by the optical switch
controtler 310 is operated to connect the active one of the optical fibers 305 to an
outpat optical fiber 309, The modulated optical signal is carvied by optical fiber 309 to
the input of & detector 107, the latter providing a modulated electrical output signal to
controlier 10K, as previously described.

[B0RE] The circuitry of Figare 19 can be extended as shown to inchide a second
portion 401, 10 addition to the first portion 301 as previouslty described, for permitting
operation of the device or system 400 of Figure 16, in this exaraple. More specifically,

another optical switch 414 1s provided, that is controlled by an optical switch controller
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496 receptive of control signals from signal line 2172, for selecting an individual one of
a phirality of optical fibers 415, to connect the MIR light ray to a selected input of one
of the waveguides 412, The modulated output signal from the operable one of the
waveguides 412 are connected by a plurality of optical fibers or cables 417 to an optical
switch 41 that is controlled by the controlier 406 to connect the output of the active
waveguide 412 to an optical fiber or cable 420 for connecting the modulated lightwave
to an input of detector 210, in this example. Detector 210 operates as previously
described. The output of detector 210 is connected to a controller 211, as previously
described, for outputting a processed spectra signal onto signal line 2172, all as
previcusly described.

10682} Note that for cach embodiment of the nvention, the waveguides used can
cach be coated with a selected polymer or combination of polymers to enhance the
detection of a desired spectrum for a hydrocarbon of specific interest. In yet another
embodiment of the invention as shown in Figure 20, the MIR source and controlier 302
provides an MIR light ray via a plurality of individual optical fibers or cables 303 to an
mput side of each one of a plurality of waveguides in a waveguide array 304, thereby
activating each one of the waveguides simultancously. The modulated light ray output
signals trom cach one of the waveguides of the array 304 arc carvied by a plurality of
optical fiber or cables 305 to individual inputs of an optical nultiplexer 320, The
optical multiplexer multiplexes the modulated optical signals and applies them serially
and in spaced apart relationship into an optical {fiber or cable 322 for inputting into a
detector 107, in this example. Detector 107 18 operable as previously described for
converting the multiplexed optical signals into modulated electrical signals that are fed
to a detector controller 108 for processing as previously described o produce a
plurality of multiplexed spectra signals onto signal line 109 for transmission to the
surface 409. The embodiment of Figure 20 can be extended to include subsystem 401
of Figure 19, whereby the detector would then be detector 210 described above, and the
detector controller will be 212 as described above, thereby permitting the inclusion of &
common mode signal from an active reference waveguide, as previously described.
16683} Figure 21 shows a graphical representation of the limits of detection (LOD)

in parts per million for detecting various benzene derivatives, phthalic esters, and
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phenols, relative to three different polymer coatings, namely, AB, 8B, and PDMS, as
shown in Figure 21. The polymer coatings are applied in thin layers onto individual but
identical waveguides, which in this example were ZnSe-ATR crystals. The polymer
fayer thickness for polymers AB and SB were about five micrometers, and for the
polymer PDMS was gbout seven micrometers.

[G0G84] For the embodiment of the invention of Figures 10 through 20, all of the
associated devices are expected to be operated in a continuous mode. However,
depending upon a particular application and/or characteristics of the devices used, all or
a portion of the devices illustrated may be operated in 2 continuous or pulsed mode.
Regardless, of the operational mode, it may be necessary to interrupt such operation for
performoing calibration, cleaning, and/or regeneration cycles as determined from
operating experiences. For example, drilling mud passing over any of the waveguides
of various embodiments of the invention may after long periods of operation begin o
adhere to the waveguides, necessitating cleaning of the waveguides. However, as is
known in the art, baseline drifts can be automatically compensated through use of
polynomial functions continuously monitoring a signal bascline relative to actual output
or spectra signals being received at a given time. In this manner, long terms drifts due
to drilling mud adhering a waveguide can be automatically corapensated, thereby
reducing downtime caused by cleaning cycles. Also, as previously mentioned, the
surfaces of the waveguides can be coated with relatively transparent low coefficient of
friction materials to reduce drilling mud adherence problems.

16085] Although various crobodiments of the invention have been shown and
described, they are not meant to be liniting. Those of skill in the art may recognize
vartous modifications to these embodiments, which modifications are meant to be

covered by the spirit and scope of the appended claims.
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CLADMS:
L Mid-infrared (MIR) spectrometer apparatos for determining the concentration of
hydrocarbon components in aqueons colloidal suspensions of drilling mud being
retuned 1o the surface within an oil well borchole as drilling progresses, said apparatus
comprising:
a light source operable for emitting MIR light rays at an output port;
waveguide having a light ray receiving end receptive of said MIR light rays
from said light source, an opposing light ray emitting end, and a top face positioned for
exposure to and wetting by returning drilling mud;
at least a first reference waveguide having a light ray receiving end receptive of
said MIR light rays from said light source, an opposing light ray emitting end, and a top
face positioned for exposure to and wetting by drilling mud being puraped to a drill bit;
said first detecting waveguide being operable for responding to the MIR light
ray(s) from said MIR lLight source by generating an evanescent wave proximate is top
face, said evanescent wave reacting with molecules of interest in said returning drilling
mud, thereby producing a modulated MIR light ray(s) at its light ray emitting end;
said first reference waveguide being operable for responding to the MIR ray(s)
frora said MR light source by gencerating an evanescent wave reacting with molecules
of said drilling mud being pumped to said drill bit, thereby producing a modulated MIR
fight ray at its light ray emitting end;
a MIR light ray detector including:
first converter means responsive to modulated MIR hight rays fror said
first detecting waveguide, for converting the same into a first electrical signal;
second converter means responsive to modulated MIR light rays from
satd first reference waveguide, for converting the sarne into a second clectrical
signal; and
means for subtracting said second electrical signal from said first
electrical signal, for producing an output signal free of common mode signals
and/or noise therchetween; and
processor means receptive of said common mode free output signal from said

MIR light ray detector, for processing the same to extract spectra signals therefrom for
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wdentifying the concentration of related hydrocarbon components 1o said returning

drilling mud.

2. The apparatus of Claim |, further including a housing consisting of corrosion,
high impact, and abrasive resistant material for enclosing said MIR light source, said
first detecting waveguide with its top face exposed on one side of said housing, said
first reference wavegoide with its top face exposed on an opposing side of said housing,
said first and second light ray detector means, and said processor means, said housing
being rigidly installed in a wall of a drill pipe assembly proximate a drill bit within an
oil well borehole, with the top face of said first reference waveguide being exposed
within the drill pipe asserably in the pathway of newly introduced drilling mud, and
with the top face of said first detecting waveguide being exposed and located within the
pathway of returning drilling mud flowing toward the surface within the associated

borehole between said drilf pipe assembly and an inside wall of said borchole.

3. The apparatus of Claim 1, further inchuding:

first optical fiber means connected between the output port of said MIR light
source and the light ray receiving end of said first detecting waveguide, for carrying
said MIR light rays thereto; and

second optical fiber means connected between the output port of said MIR light
source and the light ray receiving end of said first reference waveguide, for carrving

satd MIR light rays thereto.

4. The apparatus of Claim 3, further including

third optical fiber means connected for carrying modulated light rays from the
fight ray emitting end of said first detecting waveguide to said first converter means;
and

fourth optical fiber means connected for carrying modulated light rays from the

tight ray emitting end of said first reference waveguide to said second converter means.
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5. The apparatus of Clairn 1, further including a signal line connected between
said processor means and the surface, for conducting processed spectra signals for

analysis at the surface while drilling progresses.

6. The apparatus of Claim |, wherein said processor means further includes

memory means for storing said spectra signals for later analysis.

7. The apparatus of Claim 1, further including a signal line connected between
said processor means and the surface, for conducting processed spectra signals for
analysis at the sarface while drilling progresses, said processor means further including

memory means for storing the processed spectra signals,

3. The apparatus of Claim 7, wherein said processor means further includes means
for selectively providing said spectra signals only on said signal line, or only for
storage in said memory means, or both on said signal line and for storage in said

Memory neans,

9. The apparatus of Claim |, tfurther including a bydrophobic polymer coating on

the top faces of cach of said firet detecting and first reference waveguides.

10 The apparatus of Claun 1, further including a diamond-like antiabrasive coating

on the top faces of cach of said first detecting and fivst refercnce waveguides.

it The apparatus of Claim |, further inchuding a hydrophobic polymer coating on
the top face of said first detecting waveguide for enhancing the detection of spectra of a

particular hydrocarbon of interest.

i2. The apparatos of Claim 1, further inclading:

g plurality of detecting waveguides;



WO 2012/094094 PCT/US2011/063906

a signal line conuected trom the surface to the processor means, for providing
spectra signals to the surface for analysis as drilling progresses, and for providing
control signals from the surface to said processor means; and

first optical switching means responsive to control signals for both connecting
one of said plurality of detecting waveguides between said MIR light source and
detector, and for removing a said one of said plurality of detecting waveguides should it
become defective, and substituting therefor an operable one of said plurahity of

detecting waveguides.

13, The apparatus of Claim 12, wherein said first optical switching means inchides:

a first optical switch between said MIR light source and the light ray receiving
ends of said phurality of detecting waveguides;

a second optical switch between light ray emitting ends of said plurality of
detecting waveguaides and said detector; and

a tirst optical switch controller responsive to control signals for operating said
first and second optical switches to select one of said phurality of detecting waveguides

for operation between said MIR light source and said detector.

14, The apparatus of Claim 13, further including:

a phurality of reference waveguides; and

second optical switching roeans responsive 10 control signals for both
connecting one of said plurality of reference waveguides between said MIR light source
and said detector, and for removing said one of said plurality of reference wavegnides
should it become defective, and substituting therefor an operable one of said phurality

of reference waveguides.

15. The apparatus of Claim 14, wherein said second optical switching means
mcludes:
g third optical switch located between said MIR light source and light receiving

ends of said phurality of reference waveguides;
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a fourth optical switch located betwecen light ray erautting ends of said plurality
of reference waveguides and said detecior; and

a second optical switch controller responsive to control signals for operating
said third and fourth optical switches to select an operable one of said reference

waveguides,

i6. The apparatus of Claim 12, further including a hydrophobic polymer coating on

top faces of cach one of said plurality of detecting waveguides.

17 The apparatus of Claim 14, further inchuding 8 hydrophobic polymer coating on

top faces of each one of said plurality of reference waveguides, respectively.

18. The apparatus of Claim 1, firther including:

a plurality of detecting waveguides cach having a top face, a light receiving end,
and a lHght emitting end;

a coating on cach of the top faces of said plurality of detecting waveguides for
enhancing detection of spectra of different hydrocarbons of interest, respectively;

optical fiber means for directing MIR hight rays from said MIR light source to
the light ray receiving ends of each of said plurality of detecting waveguides; and

an optical multiplexer receptive of modulated MIR light rays from the
mdividual light ray emitting ends of said plurality of detecting waveguides,
respectively, for providing a multiplexed output sigoal of said modulated light rays to

said detector.

19, The apparatus of Claim 16, wherein satd hydrophobic polymer is selected from
the group consisting of Teflon AF, PDMS, PIB, E/Pco, PSB, LDPE, PRCT, PAR, PA,
POMS/DVES, and Carbowax/DVB.

20.  The apparatus of Claim 17, wherein said hydrophobic polymer is selected from
the group consisting of Teflon AF, PDMS, PIB, E/Pco, PSB, LDPE, PBCT, PAB, PA,
PDMK/DVES, and Carbowax/DVB,
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2% The apparatus of Claim 1, wherein said first detecting waveguide and said first
reference waveguide each are made from matenal selected from the group consisting of

nSe, ZnS, KRS, and Ge.

22.  The apparatas of Claim 12, wherein said phurality of detecting waveguides are

made from material selected from the group consisting of ZnSe, ZnS, KRS, and Ge.

23. The apparatus of Claim 14, wherein said plurality of reference waveguides are

made from material selected from the group consisting of ZnSe, Zu8, KRS, and Ge.

24, The apparatus of Claim |, wherein:

said subtracting means includes a differential comparator having an inverting
mput terminal, a nou-inverting input terminal, and an output terminal at which said
common maode free output signal is provided;

said first converter means inchudes both a photodiode for converting the light
rays from said first detecting waveguide into said first electrical signal and an amplifier
for aroplifying the first electrical signal for application to the non-inverting input
terminal of said differential comparator; and

said second converter means includes both a photodiode for converting the light
rays from said first referonce waveguide juto said second electrical signal, and an
amplifier for amplitying the second electrical signal for application to the jnverting

imput terminal of said differential comparator.

25.  The apparatus of Claim 24, wherein satd processor means includes:

an A/D converter receptive of said coramon mode output signal for converting
the same into a digital signal; and

a microprocessor programed for processing said digital signal to exiract said

speoctra signals.
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26. The apparatus of Claira 25, wherein said processor means further includes a
memory, said microprocessor being further programmed to either apply said spectra
signals to an output signal line for sending said spectra signals to the surface for
analysis, or to said memory for later analysis, or both to said output signal tine and to

said memory.

27. The apparatus of Claim 25, wherein processor means further includes an
automatic gain control for maintaining the output signal level from said differential

comparator.

23, The apparatus of Claim |, wherein said MIR light source 1 selected for emitting

fight rays in a spectral range from 2.5 pm to 25 ym.

29, The apparatos of Claim 28, wherein said MIR light source consists of a

quantum cascade laser.

30. The apparatus of Claim 12, further including an antiabrasive protective coating
on top faces of cach one of said plurality of detecting waveguides, and cach oue of said

plurality of reference waveguides.

31, The apparatus of Claim 30, whercin said protective coating consists of a

diamond-like coating.

32 The apparatus of Claim 14, further including an antiabrasive protective coating

on each one of said plurality of reference waveguides.

33, The apparatus of Claim 32, wherein said protective coating consists of a

diamond-hike coating,

34. The apparatus of Claim 16, wherein said protective coating consists of a

diamond-like costing,
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35. Mid-infrared (MIR) spectrometer apparatus for determining the amount of
hydrocarbon components dissolved, emulsified, or entrained in an aqueous colloidal
suspension, comprising:

a source of MIR light rays having an output port;

at least a first waveguide baving a light ray receiving end, an opposing light ray
emitting end, a top face for exposure to and wetting by a colloidal suspension of
interest, and a bottom face;

first optical fiber means positioned for carrying MIR light rays from the output
port of said MIR light source to said hight ray receiving end of said first waveguide;

a light ray detector having an input port and an output port;

second optical fiber means positioned for carrying modulated MIR light rays
from the light ray emitting end of said waveguide to said input port of said light ray
detector;

said first waveguide being operable for responding to a MIR light ray from said
MIR light source by generating an evanescent wave proximate its top face, said
evanescent wave reacting with molecules of interest in said colloidal suspension
thereby producing 8 modulated MIR light ray at is light ray emitiing end;

said light ray detector being operable for converting said modulated MIR light
ray into an clectrical signal at its output port;

an output signal Hoe;

processor means connected to said output port of said Hight ray detector, for
processing said electrical signal to extract spectra signals therefrom for identifying the
concentration of related hydrocarbon components in the colloidal suspension, said
spectra signals being provided on said output signal line;

heat resistant electrical insulative material being configured to encase said MIR
fight source, first and second optical fiber means, detector, and processor means; and

a housing consisting of corrosion resistant high impact and abrasive resistant
material for rigidly containing therein said heat resistant electrical insulative material, a

window in a portion of said housing securely retaining said first waveguide with its
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front face exposed for receiving said agueous collotdal suspension, and s bottom face

secured to said insulative material, said output signal hine extending from said housing.

36, The apparatus of Claim 335, further including memory means for receiving and
storing said spectra signals from said processor means, said memory means being

encased within said insulative material.

37. The apparatus of Claim 335, further including means for positioning said housing
proximate a drill bit within an oil well borehole where returning drilling mud will pass
over the front face of said waveguide, for sampling the spectra of hydrocarbons in the

mud,

38. The apparatus of Claim 35, further incloding:
a phurality of waveguides installed in juxtaposition to one another in said
housing, cach having a top face exposed from an outside wall of said housing; and
means for both selecting an individual operable one of said phurality of
waveguides for operation, and for changing the selected one in the even it becomes

inoperable to another operable one of said plurality of waveguides.

39, The apparatus of Claim 38, wherein said selecting means inclhudes a rotatable
collar instalied on said housing, said coliar including a longitudinal open channel, for
permitting the collar to be rotated 1o a position for exposing a top face of a selected one

of said plurality of waveguides.

46, The apparatus of Claim 35, further including a hydrophobic polymer coating on
the top face of said tirst waveguide for enhancing the detection of hydrocarbon

components.

41, The apparatus of Claim 40, wherein said hydrophobic polymer is selected from
the group consisting of Teflon AF, PDMS, PIB, E/Pco, PSB, LDPE, PBCT, PAB, PA,
PDMK/DVES, and Carbowax/DVB,
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42.  The apparatus of Claim 35, wherein said first waveguide consists of material

selected from the group consisting of ZnSe, ZnS, KRS, and Ge.

43. The apparatus of Claim 38, further including a layer of antiabrasive material on

the top face of said first waveguide.

44, The apparatus of Claim 43, whercin said antiabrasive materials consists ofa

diamond-like coating (DLO).

45.  The apparatus of Claim 40, further including a DLC coating on top of said

hyvdrophobic polymer coating,

46, The apparatos of Clairg 3R, further including a hydrophobic polymer coating on

the top faces of cach of said plurality of waveguides.

47. The apparatus of Claim 46, wherein said hydrophobic polymer is selected from
the group counsisting of Teflon AF, PDMS, PIB, E/Pco, PSB, LDPE, PBCT, PAR, PA,
PDMS/DVEBS, and Carbowax/DVEB.

48. The apparatus of Clatrn 38, further including a layer of antiabrasive material on

the top faces of cach of said plurality of waveguides.

49, The apparatus of Claim 46, further inchuding 8 layer of antiabrasive matenial on

top of said hydrophobic polyroer coatings on said plurality of waveguides.

50 The apparatos of Claim 49, wherein the antiabrasive material consists of DLC.

51, The apparatus of Claim 35, wherein said light ray detector includes:

a photodiode responsive to said moduiated MIR light ray for converting it into

an clectrical signal; and
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an aroplifier receptive of the electrical signal for araplifying and providing it at

said output port.

52. The apparatus of Claim 51, wherein said processor means includes:

an A/D receptive of the amplified electrical signal for converting it into a digital
signal;

a memory; and

g mycroprocessor programumed for processing said digital signal to extract
therefrom spectra of said hydrocarbon components, and for selectively inputting the
spectra to said memory for storage for later analysis, and/or providing the spectra on

said output signal line.

53, The apparatus of Claim 35, further incloding:

a plurality of waveguides installed 1n juxtaposition to one another in said
housing, each having a top face exposed from an cutside wall of said housing;

a plurality of hydrophobic polymers cach selected for enhancing the response to
spectra of different ones of said hydrocarbon components, cach being coated on
individual ones of said plurality of waveguides, respectively;

said first optical fiber means further including means for conveying MIR light
rays from said MIR light source to individual light receiving ends of said plurality of
waveguides, respectively; and

an optical multiplexer having a plurality of input ports for roceiving a phurality
of individual light rays from light emitting ends of said phurality of waveguides,
respectively, and an output port for providing a multiplexed optical output signal of
said plurality of individual light rays,

said hight ray detector being receptive of said multiplexed optical output signal,
for converting the same into a multipiexed electrical signal, and

said processor means being responsive to the multiplexed electrical signal, for
extracting therefrom spectra signals representative of the concentration of hydrocarbon

components detected from the aqueous colloidal suspension.
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54, The apparatus of Clairn 53, further including a coating of antiabrasive material
on top of the hydrophobic polymer coatings on said phurality of waveguides,

respectively.

55. A method for determining the concentration of hydrocarbon components in
aqueous colloidal suspensions of drilling muud being returned to the surface within an
oil well borehole as dritling progresses, said method comprising the steps of!

positioning an exposed top face at least a first detecting waveguide for wetting
by returning drilling mud from a drill big;

positioning an exposed top face of at least a first reference waveguide for
wetting by new drilling mud being puraped to a drill bit in the borehole;

ceding a MIR light ray from a MIR light source to light receiving ends of cach

one of said first detecting waveguide and first reference waveguide, thereby causing
evanescent waves 1o be generated from the top faces of the waveguides, respectively,
for reacting with molecules of components in the returning and new drilling muds,
respectively, thereby causing modulated optical signals to be produced at emitting ends
of said first and second waveguides, respectively;

converting the modulated optical sigoals from said first detecting and first
reference waveguides into 3 first electrical signal, and a second electrical signal,
respectively;

subtracting said sccond electrical signal from said fivst electrical signal to
remove comumon mode coraponents therebetween, to obtain a conroon mode free
electrical signal; and

processing the common mode free electrical signal to extract the spectra signals

of the hvdrocarbon components in the returning drilling mud.

56. The method of Claim 55, further including the step of storing the spectra signals

i memory for later analysis.
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57.  The method of Claim 55, further inclading the step of feeding the spectra
signals into an output signal line extending to the surface to permit analysis thereof as

drilling progresses.

58. The method of Claim 55, further including the steps of coating the top faces of
the first detecting and first reference waveguides, respectively, with a hydroscopic
polymer to enhance respective evanescent wave interaction with molecules of

components in the returning and new drilling muds, respectively.

59, The method of Claim 355, further inchuding the steps of coating the top faces of
the first detecting and first reference waveguides, respectively, with an antiabrasive

material.

60, The method of Claim 58, further including the steps of applying a coating of
antigbrasive material onto the polymer coatings on said first detecting and first

reference waveguides, respectively.

61, A method for determining the concentration of hydrocarbon components in
aqueous colloidal suspensions of drilling mud being returned to the surface within an
oil well borehole as drifling progresses, said method comprising the steps of!

positioning a plurality of detecting waveguides with top faces exposed to
wetting by returning drilling mud;

feeding an MIR light ray from said MIR light source to light receiving ends of
cach one of said plarality of detecting waveguides, respectively, thereby causing
evanescent waves to be generated from the top faces, respectively, for reacting with
molecules of hydrocarbon components in the returning drilling nmyud, respectively,
thereby causing modulated optical signals to be produced at emitting ends of each one
of said plurality of detecting waveguides, respectively;

selecting at least one modulated optical signal of said plurality of detecting

waveguides;
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processing the selected one modulated optical sigoal to extract spectra signals
therefrom; and

selectively either storing the spectra signals in memory for later analysis, and/or
fecding the spectra signals via an output signal line to the surface for analysis as

drilling progresses.

62. The method of Claim 61, further including the step of coating the top faces of
cach of said phurality of detecting waveguides with a hydrophobic polymer for

enhancing the detection of hydrocarbon components.

63, The method of Claim 62, further jnchuding the step of coating the hydrophobic
polymer coatings on cach of said plurality of detecting waveguides with a non-abrasive

material.

64, The method of Claim 61, further inchuding the step of coating the top faces of
cach of said plurality of detecting waveguides each with a hydrophobic polymer,
respectively, for enhancing the detection of a specific hydrocarbon component,

respectively.

65. The method of Claim 64, further including the steps of:

multiplexing the modulated optical signals from the emitting ends of said
plurality of detecting waveguides; and

processing the multiplexed modulated optical signals to extract the spectra

signals associated therewith,

66. The method of Claim 64, further including the step of coating the hydrophobic
coatings on cach ones of said phurality of detecting waveguides with a non-abrasive

material.
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