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FOSSIL RECOGNITION APPARATUS, SYSTEMS, AND METHODS

Background

[0001] Microfossils are the fossil remains of unicellular and multicellular

micro-organisms and the dissociated elements and skeletal fragments of macro-

organisms. They include the fossil types Foraminifera, Ostracods,

Coccolithophora, Diatoms, Radiolana and Dinoflagellates, among others. These

fossils can be found in many levels of a geological formation.

[0002] Biostratigraphy can be useful in building geologic models for

hydrocarbon exploration and in the drilling operations that test those models. By

understanding the structure and properties of geological formations, the cost of

drilling wells for oil and gas exploration can be reduced. For this reason fossils,

including micofossils, are manually examined as they appear in cuttings brought

up from down hole drilling and cleaning operations. However, these current

examination methods are prone to human error, and it is sometimes difficult to

determine the origin of the cuttings/fossils, especially in vertical exploration

wells.

Brief Description of the Drawings

[0003] FIG. 1 is a flow chart illustrating several methods according to

various embodiments of the invention.

[0004] FIGs. 2A and 2B are block diagrams of apparatus and systems

according to various embodiments of the invention.

[0005] FIG. 3 illustrates fossils providing data to coordinate with offset

records, according to various embodiments of the invention.

[0006] FIG. 4 illustrates a wireline system embodiment of the invention.

[0007] FIG. 5 illustrates a drilling rig system embodiment of the

invention.

[0008] FIG. 6 is a flow chart illustrating several additional methods

according to various embodiments of the invention.

[0009] FIG. 7 is a block diagram of an article according to various

embodiments of the invention.



Detailed Description

[0010] Microfossils and nanofossils behave as formation markers that are

currently interpreted by a human. For the purposes of this document, a

micro fossil measures about 1-1 000 micrometers in diameter, and a nanofossil

measures about 1-1000 nanometers in diameter. Hereinafter, the term "fossil"

will be used to mean both microfossils and nanofossils. Thus, fossils are

currently examined on the surface by paleontologists, using a microscope to

view cuttings brought up to the surface from down hole.

[001 1] To address some of the challenges described above, as well as

others, apparatus, systems, and methods to automatically identify fossils in

formation fluid samples taken at known depths are described. This mechanism

aids in the accurate determination of formation characteristics and structure,

perhaps obviating the need to employ a paleontologist. Images can be

transmitted to the surface via high speed telemetry, and sent to an expert to be

examined should confirmation of the finding by the fossil identification

mechanism located down hole be desired. The image could also be processed on

the surface with more powerful computing systems to identify fossils in the

images sent to the surface. In addition, the information developed may

sometimes be used to adjust drilling operations via biosteering in real-time.

[0012] Some embodiments combine their fossil identification output

(i.e., the identification of fossil types) with the output of a down hole fluid

identification system. In this way, the fossils in a particular fluid sample can be

identified to obtain specific information about the formation characteristics from

the fluid is being taken.

[0013] FIG. 1 is a flow chart illustrating several methods 11 according

to various embodiments of the invention. In some embodiments, the methods

111 begin at block 121 with drawing formation fluid into a sampling tool, either

using a wire line, or as part of a logging while drilling (LWD) string.

[0014] At block 125, to enhance the identification of fossils, a dye can be

mixed with the fluid sample. The dye might be formulated to adhere to or react

with calcium carbonate and/or other components typically found in fossils. The



dye enhancement may be used to assist an algorithm that searches fossil image

information for a particular color, to better define the extents of a particular

fossil particle to be identified in the image.

[0015] The observation window in a fluid receptacle can be flushed at

block 129 between samples with a clean fluid like water or clear oil stored inside

a down hole tool, or simply left as-is and flushed with the next sample of fluid or

mud.

[0016] In block 133, the fluid passes through a thin observation

receptacle formed by two optically transparent windows. A light and

microscope fitted with a digital camera can be used to record an image of

particles suspended in the fluid as fluid image information, while the sample

flows past the sample window. Sampling can be halted to allow the camera to

take still images at desired intervals, or if the camera is able to gather images

quickly, continuous flow can occur.

[0017] To search for various sizes of fossils in the fluid, the microscope

can change its magnification to ensure large and small fossils can be observed by

adjusting the zoom of the lens, switching the lens, or using another camera with

a different zoom value. The microscope can also be directed by the processor to

zoom in on particles both optically and/or digitally to obtain a better definition of

the shape of the fossil, improving identification. Multiple microscopes or

changeable lenses can be used to vary the zoom level. Multiple sample plates,

including plates with colored windows, can also be used with multiple

microscopes, in any combination. Spectral cameras, such as the Arrow™

hyperspectral imaging video camera available from Rebellion Photonics LLC of

Houston, Texas can be used to look for calcium carbonate in the fluid to help

identify where fossils are likely to be found in the image.

[0018] Images can be provided in video or still frame format. The fluid

image information is sent to a processor which executes a recognition program

that processes the fluid image information at block 137 to search and recognize

objects in the image, usually in digital form, as various fossil types.

[0019] The algorithm used for fossil recognition can be adapted from

those used for fingerprint identification, or face recognition, among others.



These include algorithms similar to or identical to those provided by the PAX-it

image management and analysis software available from MIS Inc. of Villa Park,

Illinois and the Split-Online® automated digital image analysis system available

from Split Engineering LLC, as well as the SureMatch 3D facial recognition

software suite available from Genex Technologies, Inc. of Bethesda, Maryland.

Other software and processing instructions may be used, based on technical

needs and flexibility desired.

[0020] A memory located down hole may be used to store

representations of what the recognition algorithm should use to search during

image matching. For example, the image forms of various types of microfossils,

including benthic, planktonic foraminifera, calcareous nannofossils,

palynomorphs, and other particles that can be optically identified can be used to

indicate the formation layer from which a particular fluid sample has been

extracted.

[0021] At block 141, the result is stored as fossil image information in a

memory and/or transmitted as identifications made of determined fossil types

observed in the fluid. Fluid containing certain fossils can be automatically

stored if the fossil recognition tool finds a desired fossil type or a cluster of

combined fossils within the fluid.

[0022] The processor can also be trained to ignore particulates, such as

sand grains, that are not of interest. Dyes can be added to demarcate sand, shale,

and mud particles like barite, to be more easily excluded from fossil detector

processing. The detector can also be used to record the type and size of various

non-fossil particulates observed, storing the results in memory as desired. The

density and size of observed particulates can also be an indicator of the

formation competency and can be recorded and stored in memory, and/or

transmitted to the surface in real-time.

[0023] At block 145, existing Earth models can be updated with the

depth, concentration, and identification of fossil types that have been identified.

[0024] At block 149, the first part of a biosteering process can be

implemented. That is, based on the known fossil stratigraphic record, the



presence or absence of selected fossil types can be used to determine whether a

change in drill bit direction should be made.

[0025] At block 153, the second part of biosteering can be implemented.

Here the change in direction is made via human intervention, or via closed loop

control, to command the drill bit to continue on course, or to go in a different

direction, so as to reach a desired location in the geological formation. Such

geological information coupled with the biostrata model can be located in local

memory in the down hole fossil computer. The steering computer can calculate

and then execute an optimal path, based on limitations of the steering assembly

and possibly offset data from other wells to optimize a new path to the change in

position of the desired target based on the results from the fossil analysis.

Additional embodiments may be realized.

[0026] For example, FIGs. 2A and 2B are block diagrams of apparatus

200 and systems 264 according to various embodiments of the invention.

Turning now to FIG. 2A, it can be seen that formation fluid 204 from the

formation sampler enters the apparatus 200 via a sample line 208 from the

suction force of a two way pump 212. If desired, appropriate valves 216 are

opened, so that acid, dye, and/or stain can be injected into the flow to dissolve

carbonates, or help enhance the particulate discrimination provided by the

cameras 220.

[0027] The two way pump 21 allows for fluid 204 to be pulled from the

formation using actuator valves 216, depending on the direction of the piston

travel in the pump 212. Some or all of the fluid 204 that conveys particulate

matter is directed to one or more camera modules 224. Motors, such as servo

motors, can be used to adjust the depth and focus of the cameras 220 and the

zoom. The cameras can also comprise fixed-focus units, with a depth of focus

configured to include the face of a window 228 in contact with the fluid. In

some embodiments, the window 228 is made from polished sapphire, including

synthetic sapphire which has a very high hardness and will not scratch or divot

easily. Glass, minerals (including quartz), and other optically transparent

materials can also be used to fabricate the window 228.



[0028] The cameras 220 can be kept dry, or immersed in an oil-filled

chamber (shown in FIG. 2A) to balance pressure. The cameras 220 may have

different levels of magnification. For example, a micro camera can be used to

image microfossils, and a nano camera, having a level of magnification about

1000 times greater than the micro camera, can be used to image nanofossils.

Compound lenses can be used to provide both levels of magnification in a single

camera 220 including one or more intermediate magnifications between the two

levels. Separate cameras 220 may provide a level of redundancy, and additional

image processing speed. The digital cameras themselves may also utilize digital

zooming by varying the size of pixels used to process an image or view an

object.

[0029] In many embodiments, the cameras 220 use a lens 234 that is

configured to observe the majority of the window surface. However, in some

embodiments (not shown), the cameras 220 can be offset from the center of the

observation window 228, and the window 228 and compression piston 244 can

be rotated with an actuator, allowing multiple images to be taken over a broader

area of the observation.

[0030] A light source 232 may be used to surround the camera lens 234.

High intensity light emitting diodes (LEDs) can be used to construct the source

232, as well as incandescent light, among others. If spectral imaging is utilized,

the light source can be selected to interact with calcium carbonate to enhance the

imaged location of fossils in the view area.

[0031] The cameras 220 may use a charged coupled device (CCD) array

for taking still and video images of the fluid 204. The CCD array detects a

variety of wavelengths, and filters (not shown), such as a multivariate optical

element (MOE) array (similar to or identical to the MOE described in

US20 100245096, incorporated herein by reference in its entirety) or thin film

filters, can be placed in the optical path to screen out unwanted bands of energy.

[0032] When sufficient fluid 204 has been pumped from the formation to

fill the receptacle chamber, an image can be acquired. Pumps or motors 240 can

be activated to move a piston 244 toward the back (i.e., the side of the window

228 facing the fluid sample) of the window 228. The piston face that engages



the window 228 can be any suitable color and/or made reflective to assist in

image acquisition, and fossil detection. The color and/or level of reflectivity

depends on the type of dye or stain being used, if any is used at all.

[0033] The face of the piston 244 moving toward the window 228 can

also be coated with a compliant material, such as rubber, that is formulated so as

not to crush the particulates in the fluid 204 while holding them firmly against

the window 228 to steady the particles for imaging by the camera 220. Thus, the

compliance level is such that particulates in the fluid 204 are held close to the

back side of the window 228, as an aid to acquiring a detailed image. Feedback

can be used to adjust the level of pressure exerted on the fluid sample by the

piston 244.

[0034] Turning now to FIG. 2B, it can be seen that an apparatus 200

used to implement fossil identification can take a variety of forms. In this case,

the apparatus 200 can be attached to a housing, such as a collar 202 in a borehole

212. The apparatus 200 may comprise a retractable sampling probe 203 used to

draw formation fluid coupled with a support pad, along with cameras, actuators,

controllers, and a processor that executes instructions to acquire fluid image

information, and to process fossil image information (included in the fluid image

information) to recognize fossil types. A memory is included in the apparatus

200 to store a library of image data for matching operations (to identify fossil

types in the fluid image information), as well as the results of recognition

operations.

[0035] Thus, the apparatus 200 may include additional processors 230,

memory 250, and acquisition logic 240. To aid in the image processing, parallel

processing methods may also be utilized using a plurality of processor modules

or multi-core processors and memory modules to accelerate the processing of

still and/or moving images from the camera to identify particles, including

fossils and fossil types. The apparatus 200 may also include a borehole steering

control module 236, perhaps to control a rotary steerable tool located above the

drill bit, to implement biosteering, as well as a telemetry module 238. Signals

and data flow into and out of the apparatus 200 as needed to support image



acquisition/processing operations, as well as biosteering, and transmitting

information to the surface 266.

[0036] As part of a system 264 that includes one or more apparatus 200,

a data processing facility 256 may be present on the surface 266. The facility

256 can be used to carry out some or all of the processing that has heretofore

been described as being conducted by the apparatus 200. The facility 256 may

include a telemetry receiver, processors, and memory to store instructions,

models and data that can be used to implement fossil recognition activities, as

well as biosteering. A display 296 can be used to display data in the form of

recognition results, and biosteering decision options.

[0037] In some embodiments, data is collected from one or more camera

modules, and processed by the processor(s) down hole, based on instructions

that are stored in a memory, also located down hole. The operation of the

camera modules is controlled by the down hole processor(s). Each camera

module may have its own processor and memory to speed up image capture and

processing operations including a plurality of parallel processors and memory

for each camera.

[0038] The steering control module 236 may be configured to contain a

model of the Earth, the drilling path, and target information. When the camera

module identifies a fossil, the identification information is relayed to the down

hole steering control module 236 where a processor in the steering control

module 236 follows instructions on how to respond to the information by

steering the bit in the borehole based on the desired location of the well relative

to the fossil found, and it's position or depth below the surface. Seismic data

showing undulations and dip angles/directions of various layers of interest in the

Earth may constitute additional steering and target data, which may be stored at

the surface, or down hole. All of the available information and data can be used

to help the steering control module processor recalculate a drilling path to steer

the well onto a desirable trajectory to reach the intended target.

[0039] Transmitting image information to the surface 266 may require

more bandwidth than is available. The amount of information can be

dramatically reduced to a few bytes (instead of millions of bytes) by using



representative bit codes for identified fossil types, based on a standard library of

fossil types accessed by the down hole recognition processor(s). Qualitative

factor information can also be sent to the surface, perhaps representing the

recognition system's probability of the image match, along with the quantity of

fossils observed of each type within a given sample set.

[0040] Thus, in circumstances where high bandwidth is available (e.g.,

wired pipe, fiber optic, or pipe in pipe telemetry), images can be transmitted

directly to the surface 266 where fossil recognition processing can be

implemented. On the other hand, where bandwidth is more limited, the images

acquired and calculations/identifications made by down hole processors can be

stored in memory down hole, to be retrieved after the tool is pulled from the

borehole 212.

[0041] Sampling commands can be initiated using surface computers

(e.g., the facility 256) via downlink telemetry. Selected combinations of

conditions, such as when the down hole processor senses no drilling pipe

movement for at least three minutes, and no flow is detected, can also be used to

initiate sampling.

[0042] The apparatus 200 may also include logic 240, perhaps

comprising a programmable drive and/or sampling control system. The logic

240 can be used to acquire image data, and other data, such as acoustic noise and

resistivity information.

[0043] A memory 250, located inside or outside the housing 202, can be

used to store acquired data, and/or processing results (e.g., perhaps in a

database). The memory 250 is communicatively coupled to the processor(s)

230. While not shown in FIG. 2, it should be noted that the memory 250 may be

located down hole, or above the surface 266 of the formations.

[0044] FIG. 3 illustrates fossil types 300 providing data to coordinate

with offset records 310, according to various embodiments of the invention.

Here the fossil types of Benthic Foraminifera, Planktonic Foraminifera,

Ostracods, Coccolithophora, Diatoms, Radiolaria, and Dinoflagellates are

shown. Other types can be recognized as well.



[0045] The recognition software is programmed to identify fossils, and

fragments of fossils that coincide with shapes stored in a library of fossil types.

Thus, internal and external shapes can be stored in a recognition library. Object

recognition software available from Imagu Ltd. of Tel-Aviv, Israel, among

others, can be used to recognize the fossil types. Such identification can greatly

assist in determining the position of a borehole relative to the stratigraphic

layers, especially when a fault is encountered.

[0046] In some embodiments, the identification of the fossil types

encountered can be compared against offset records 310 from existing wells

(e.g., boreholes 320) in the area, or data obtained when the current borehole 212

was itself drilled. Each set of information can be used by various embodiments

of the system 264 to identify the location in the formation 330 where the image

acquisition tool is currently positioned. Thus, additional embodiments may be

realized.

[0047] For example, referring now to FIGs. 1-3, it can be seen that an

apparatus 200 may comprise one or more fluid receptacles, a pump to move the

fluid into and out of the receptacle, an imaging device (e.g., one or more

cameras) to acquire fluid image information, and a processor to extract fossil

image information from fluid image information, and to identify fossil types.

[0048] Thus, an apparatus 200 may comprise a fluid receptacle (e.g., the

cylinder within which the piston 244 operates) having an optically transparent

window 228 to contain a fluid 204 and fossils. The apparatus 200 may further

comprise a pump 212 to move the fluid 204 into and out of the fluid receptacle.

In most embodiments, the apparatus 200 comprises at least one imaging device

(e.g., cameras 220) to acquire fluid image information from the fluid 204, where

the fluid image information includes fossil image information.

[0049] The apparatus 200 may also include a processor 230 to extract the

fossil image information from the fluid image information, to identify fossil

types in the fluid 204 as data that associates the fossil types with a formation

from which the fluid 204 was acquired, and to determine the location of a first

borehole 212 in the formation based on the data and offset records associated

with a second borehole 320.



[0050] Dye can be injected to enhance image contrast, and acid can be

injected to dissolve the fossils. Thus, the apparatus 200 may comprise at least

one of a dye injector or an acid injector 218, to inject a dye or an acid into the

fluid 204 under control of the processor 230. Further, different color dyes can be

rotated through a sequence of samples so the distinction of which fossil belongs

to which sample set can be more easily made, should a fossil remain behind from

a previous sample set.

[0051] One or more drives can be used to position the fossils against the

window face. Thus, the apparatus 200 may comprise at least one reversible

drive device (e.g., pumps or motors 240) to advance and retract a compliant

surface (e.g., a rubber-coated surface of the piston 244) to capture the fossils

against the optically transparent window 228. The window 228 in the receptacle

may be made from a variety of materials, clear or colored, including synthetic

sapphire, such as aluminum oxide (A1203) available from Rayotek Inc. of San

Diego, California. Further embodiments may be realized.

[0052] For example, a system 264 may be constructed using one or more

apparatus 200. The system 264 may comprise a down hole tool housing 202

attached to the apparatus 200. The housing 202 may comprise a wireline tool

body, a MWD (measurement while drilling) down hole tool, or an LWD down

hole tool.

[0053] A display can be used to view the data in real time. Thus, a

system 264 may comprise a display 296 to display data comprising identified

fossil types.

[0054] The system may include a transmitter, such as a telemetry

transmitter, to move the data to the surface. Thus, a system 264 may comprise a

transmitter as part of a telemetry module 238 to transmit at least a portion of the

data to a remote processor (e.g., the facility 256).

[0055] FIG. 4 illustrates a wireline system 464 embodiment of the

invention, and FIG. 5 illustrates a drilling rig system 564 embodiment of the

invention. Thus, the systems 464, 564 may comprise portions of a wireline

logging tool body 470 as part of a wireline logging operation, or of a down hole

tool 524 as part of a down hole drilling operation.



[0056] FIG. 4 shows a well during wireline logging operations. A

drilling platform 486 is equipped with a derrick 488 that supports a hoist 490.

[0057] Oil and gas well drilling is commonly carried out using a string of

drill pipes connected together so as to form a drilling string that is lowered

through a rotary table 410 into a wellbore or borehole 412. Here it is assumed

that the drilling string has been temporarily removed from the borehole 412 to

allow a wireline logging tool body 470, such as a probe or sonde, to be lowered

by wireline or logging cable 474 into the borehole 412. Typically, the wireline

logging tool body 470 is lowered to the the region of interest and subsequently

pulled upward at a substantially constant speed.

[0058] During the upward trip, at a series of depths the instruments (e.g.,

the apparatus 200 shown in FIGs. 2A and 2B) included in the tool body 470 may

be used to perform measurements on the subsurface geological formations 414

adjacent the borehole 12 (and the tool body 470). The measurement data can

be communicated to a surface logging facility 492 for storage, processing, and

analysis. The logging facility 492 may be provided with electronic equipment

for various types of signal processing, which may be implemented by any one or

more of the components of the apparatus 200 in FIGs. 2A. and 2B Similar

formation evaluation data may be gathered and analyzed during drilling

operations (e.g., during LWD operations, and by extension, sampling while

drilling).

[0059] For taking wireline samples, the wireline movement is

temporarily halted so that a snorkle and compression pad can be extended to seal

against the borehole wall. This allows fluid to be drawn from the formation.

Some embodiments use expandable annular packers to seal off a depth interval,

after which fluid is drawn into the sealed zone and pumped back outside of the

packer-sealed area so that more formation fluid can be drawn.

[0060] In some embodiments, the tool body 470 comprises a multi-

chamber sampling subsystem for obtaining and analyzing fluid samples from a

subterranean formation through a wellbore. The tool is suspended in the

wellbore by a wireline cable 474 that connects the tool to a surface control unit

(e.g., comprising a workstation 454). The tool may be deployed in the wellbore



on coiled tubing, jointed drill pipe, hard wired drill pipe, or any other suitable

deployment technique.

[0061] Turning now to FIG. 5, it can be seen how a system 564 may also

form a portion of a drilling rig 502 located at the surface 504 of a well 506. The

drilling rig 502 may provide support for a drill string 508. The drill string 508

may operate to penetrate a rotary table 410 for drilling a borehole 412 through

subsurface formations 414. The drill string 508 may include a Kelly 516, drill

pipe 518, and a bottom hole assembly 520, perhaps located at the lower portion

of the drill pipe 518.

[0062] The bottom hole assembly 520 may include drill collars 522, a

down hole tool 524, and a drill bit 526. The drill bit 526 may operate to create a

borehole 412 by penetrating the surface 504 and subsurface formations 414. The

down hole tool 524 may comprise any of a number of different types of tools

including MWD tools, LWD tools, and others.

[0063] During drilling operations, the drill string 508 (perhaps including

the Kelly 516, the drill pipe 518, and the bottom hole assembly 520) may be

rotated by the rotary table 410. In addition to, or alternatively, the bottom hole

assembly 520 may also be rotated by a motor (e.g., a mud motor) that is located

down hole. The drill collars 522 may be used to add weight to the drill bit 526.

The drill collars 522 may also operate to stiffen the bottom hole assembly 520,

allowing the bottom hole assembly 520 to transfer the added weight to the drill

bit 526, and in turn, to assist the drill bit 526 in penetrating the surface 404 and

subsurface formations 414.

[0064] During drilling operations, a mud pump 532 may pump drilling

fluid (sometimes known by those of ordinary skill in the art as "drilling mud")

from a mud pit 534 through a hose 536 into the drill pipe 518 and down to the

drill bit 526. The drilling fluid can flow out from the drill bit 526 and be

returned to the surface 504 through an annular area 540 between the drill pipe

518 and the sides of the borehole 412. The drilling fluid may then be returned to

the mud pit 534, where such fluid is filtered. In some embodiments, the drilling

fluid can be used to cool the drill bit 526, as well as to provide lubrication for the

drill bit 526 during drilling operations. Additionally, the drilling fluid may be



used to remove subsurface formation 14 cuttings created by operating the drill

bit 526.

[0065] Thus, referring now to FIGs. 2A-2B and 4-5, it may be seen that

in some embodiments, the systems 264, 464, 564 may include a drill collar 522,

a down hole tool 524, and/or a wireline logging tool body 470 to house one or

more apparatus 200, similar to or identical to the apparatus 200 described above

and illustrated in FIGs. 2A-2B. Thus, for the purposes of this document, the

term "housing" may include any one or more of a drill collar 522, a down hole

tool 524, a sonde within a drill collar with access to the exterior of the collar for

sample extraction, or a wireline logging tool body 470 (all having an outer wall,

to enclose or attach to instrumentation, including sensors, cameras, fluid

sampling devices, pressure measurement devices, transmitters, receivers,

acquisition and processing logic, and data acquisition systems, among others).

The tool 524 may comprise a down hole tool, such as an LWD tool or MWD

tool. The wireline tool body 470 may comprise a wireline logging tool,

including a probe or sonde, for example, coupled to a logging cable 474. Many

embodiments may thus be realized.

[0066] For example, in some embodiments, a system 264, 464, 564 may

include a display 496 to present fossil stratigraphy information, both measured

and processed/calculated, as well as database information, perhaps in graphic

form. A system 264, 464, 564 may also include computation logic, perhaps as

part of a surface logging facility 492, or a computer workstation 454, to receive

signals from transmitters and receivers, cameras, and other instrumentation to

determine properties of the formation 414.

[0067] Thus, a system 264, 464, 564 may comprise a down hole tool

body, such as a wireline logging tool body 470 or a down hole tool 524 (e.g., an

LWD or MWD tool body), and one or more apparatus 200 attached to the tool

body, the apparatus 200 to be constructed and operated as described previously.

[0068] The apparatus 200; housing 202; formation fluid 204; sample line

208; pump 212; valves 216; cameras 220; camera modules 224; window 228;

processors 230; light source 232; lens 234; steering control module 236;

telemetry module 2 8; acquisition logic 240; piston 244; memory 250; data



processing facility 256; systems 264, 464, 564; display 296; rotary table 410;

borehole 412; computer workstations 454; systems 464, 564; wireline logging

tool body 470; logging cable 474; drilling platform 486; derrick 488; hoist 490;

logging facility 492; display 496; drill string 508; Kelly 516; drill pipe 518;

bottom hole assembly 520; drill collars 522; down hole tool 524; drill bit 526;

mud pump 532; mud pit 534; and hose 536 may all be characterized as

"modules" herein.

[0069] Such modules may include hardware circuitry, and/or a processor

and/or memory circuits, software program modules and objects, and/or

firmware, and combinations thereof, as desired by the architect of the apparatus

200 and systems 264, 464, 564 and as appropriate for particular implementations

of various embodiments. For example, in some embodiments, such modules

may be included in an apparatus and/or system operation simulation package,

such as a software electrical signal simulation package, a power usage and

distribution simulation package, a power/heat dissipation simulation package,

and/or a combination of software and hardware used to simulate the operation of

various potential embodiments.

[0070] It should also be understood that the apparatus and systems of

various embodiments can be used in applications other than for logging

operations, and thus, various embodiments are not to be so limited. The

illustrations of apparatus 200 and systems 264, 464, 564 are intended to provide

a general understanding of the structure of various embodiments, and they are

not intended to serve as a complete description of all the elements and features

of apparatus and systems that might make use of the structures described herein.

[0071] Applications that may include the novel apparatus and systems of

various embodiments include electronic circuitry used in high-speed computers,

communication and signal processing circuitry, modems, processor modules,

embedded processors, data switches, and application-specific modules. Such

apparatus and systems may further be included as sub-components within a

variety of electronic systems, such as televisions, cellular telephones, personal

computers, tablets, workstations, radios, video players, vehicles, signal



processing for geothermal tools and smart transducer interface node telemetry

systems, among others.

[0072] Some embodiments may operate to store down hole fluid samples

so that analysis can be performed on the fluid samples at a later time, perhaps on

the surface, to confirm the down hole results. These results can be confirmed by

looking for fossils in the retrieved fluid samples, either down hole or on the

surface. Digitized images or film images of the fossils can also be stored in the

tool for later retrieval and analysis, either down hole or at the surface. Some

embodiments include a number of methods.

[0073] For example, FIG. 6 is a flow chart illustrating several additional

methods 611 according to various embodiments of the invention. The methods

6 11 may comprise processor-implemented methods, and may include, in more

basic formats, acquiring fluid image data generated by one or more cameras,

processing the data to extract fossil image information and to determine fossil

types, and determining a borehole location based on the determined fossil types

and offset records. The processed data can be published (e.g., stored, printed, or

displayed).

[0074] Prior to image acquisition, longitudinal movement within the bore

hole is halted, and the snorkel and pad are extended to seal against the bore wall.

Agitation of the bore hole wall (e.g., using a brush, scraper, or other means) can

be performed to encourage the release of fossils into the formation fluid if a

sufficient quantity of the fossils are not already suspended in the formation fluid.

The formation fluid with the suspended fossils can be moved into a windowed

receptacle for viewing, and later flushed from the receptacle, perhaps by

pumping water or another cleaning fluid into the receptacle. The cleaning fluid

may include an acid solution to dissolve any residual fossils not flushed out of

the viewing area from previous samples. The acid solution is then displaced

with a new formation fluid sample.

Thus, in some embodiments, a method 61 may begin at block 6 with

pumping a sample of the fluid as formation fluid into a windowed receptacle.

During the activity at block 621 , or prior to this activity, the formation wall may

be agitated to cause fossils associated with various fossil types to mix into the



fluid that is, or will be sampled. In addition, at block 621 , samples of the fluid

containing fossils associated with the fossil types can be stored in a container for

transport. This activity can also occur later in the method 6 11.

[0075] Dye can be added to the fluid. Thus, the method 611 may

include, at block 625, adding dye to the fluid captured between an optically

transparent window and another surface (which may be opaque, or optically

transparent as well, depending on the type of receptacle that is used for fluid

acquisition and/or viewing).

[0076] The dye can be used for multiple purposes, including enhancing

the contrast of fossils in the fluid image information, or reducing the contrast of

other elements in the fluid image information (e.g., sand). Thus, the dye may be

used to enhance the contrast of fossils in the fluid or to enhance the contrast of

particles other than fossils in the fluid, or both.

[0077] Fossils can be captured against the window of the receptacle,

using a movable, compliant surface, such as rubber. Thus, the method 6 11 may

include, at block 629, compressing fossils in the fluid between an optically

transparent window and a compliant surface. If the sample fluid is opaque, a

cleaning fluid may be used to flush the area while holding the fossils against the

window. Such cleaning fluids can also be used to wash the non-absorbed dye

away once it has been applied to the fossils, so that the contrast of the fossils can

be enhanced even further, since the dye will no longer be present in the fluid

surrounding the fossils retained in the receptacle.

[0078] Focal markers can be installed proximate to the fluid to provide a

reference for focusing within a three-dimensional field provided by the fluid.

Therefore, the activity at block 629 may comprise adjusting the focal plane of

the imaging device using focal markers on a surface used to contain the fluid. In

some embodiments, the activity at block 629 includes rotating or shifting the

focal plane associated with the imaging device into the field of view to focus an

observation lens of the imaging device on the fossils contained in the receptacle.

[0079] The method 611 may continue on to block 633 to include

acquiring fluid image information from an imaging device having a field of view

including fluid, the fluid image information including fossil image information.



[0080] A window on the receptacle holding the fluid can be rotated to

provide a broader search area - so that new fossils can be moved into the

imaging device field of view. Thus, the method 6 11 may include, at block 637,

rotating a windowed receptacle to move fossils into the field of view, to provide

new values of the fossil image information (e.g., during the next cycle of fluid

image acquisition activity).

[0081] The method 6 11 may continue on to block 641 to include

processing the fossil image information to identify fossil types in the fluid as

data that associates the fossil types with a formation from which the fluid was

acquired. In some embodiments, spectral information can be used to more easily

identify the location of the fossils in the fluid. Thus, the activity at block 641

may include obtaining spectral information from a fluid to augment the fluid

image information and to locate fossils in the fluid.

[0082] Recognition software can be used to recognize fossil types. Thus,

the activity at block 64 1 may include processing the fluid image information

using a recognition algorithm to determine the fossil image information. For

example, the algorithm may comprise a facial recognition algorithm.

[0083] As mentioned previously, offset records can be used to locate

various points in a geological formation. Thus, the method 6 11 may continue on

to block 645 to include determining the location of a first borehole in the

formation based on the data and offset records associated with a second

borehole.

[0084] In some embodiments, the method 6 11 may include, at block 649,

transmitting at least a portion of the data from down hole to a surface processor.

Transmission may occur via many methods, including hardwire cable (e.g.,

wireline cable, or MWD), wired pipe, pipe in pipe communication, wired coil

tubing, and using various telemetry methods, such as mud pulse, acoustic, and

electromagnetic. Thus, the activity at block 649 may include transmitting any

part of the data via telemetry.

[0085] The method 6 11 may continue on to block 653 to include

publishing the data in conjunction with indications of the location (in the

formation). Trends in the fossil image data can be published; abrupt changes



may indicate the presence of a fault line. Thus, the activity at block 653 may

comprise publishing trends in the data.

[0086] In some embodiments, biosteering is implemented to steer a drill

bit in real time, using the fossil image data. Thus, the method 611 may include,

at block 657, steering a borehole drill bit based at least in part on the processed

image data, including the presence or absence of selected ones of the fossil

types.

[0087] Earth models can be updated in real time, using the fossil image

data. Thus, the method 6 11 may also include, at block 657, updating an Earth

formation model based on the data. The Earth model may reside in downhole

memory, in surface memory or both.

[0088] The method 611 may include, at block 661, determining whether

the receptacle or a window in the receptacle, are in need of cleaning. If not, then

the method 611 may return to block 6 1.

[0089] The need for cleaning may be determined when a selected amount

of transparency has been lost, for example. Or when the intensity of a reference

source of illumination that shines through the window appears to have

diminished by a selected degree. Fossils can be removed from the receptacle

and/or window by flushing the viewing area with an acid solution to dissolve

carbonates. Thus, the method 6 11 may continue on to block 665 to include, after

processing the fossil image information, adding acid to the fluid to dissolve

fossils in the fluid. The method 611 may continue on to block 669, to include

pumping a cleaning fluid to flush fossils and other objects from the windowed

receptacle. The method 6 11 may then return to block 621.

[0090] It should be noted that the methods described herein do not have

to be executed in the order described, or in any particular order. For example, in

some embodiments, the fluid that is initially captured in the receptacle may

comprise captured fluid, and the method 6 11 may include adding dye and a first

clean fluid to form dyed fluid that is used to flush out the captured fluid out of

the fluid receptacle. The method 6 1 may further include washing the dyed fluid

out with a second clean fluid to expose fossils associated with the fossil types

between an optically transparent window and another surface forming part of the



receptacle. These fossils may be more easily imaged after these activities than if

they are not implemented.

[0091] Moreover, various activities described with respect to the

methods identified herein can be executed in iterative, serial, or parallel fashion.

The various elements of each method (e.g., the methods shown in FIGs. 1 and 6)

can be substituted, one for another, within and between methods. Information,

including parameters, commands, operands, and other data, can be sent and

received in the form of one or more carrier waves.

[0092] Upon reading and comprehending the content of this disclosure,

one of ordinary skill in the art will understand the manner in which a software

program can be launched from a computer-readable medium in a computer-

based system to execute the functions defined in the software program. One of

ordinary skill in the art will further understand the various programming

languages that may be employed to create one or more software programs

designed to implement and perform the methods disclosed herein. The programs

may be structured in an object-orientated format using an object-oriented

language such as Java or C#. Alternatively, the programs can be structured in a

procedure-orientated format using a procedural language, such as assembly or C.

The software components may communicate using any of a number of

mechanisms well known to those skilled in the art, such as application program

interfaces or interprocess communication techniques, including remote

procedure calls. The teachings of various embodiments are not limited to any

particular programming language or environment. Thus, other embodiments

may be realized.

[0093] For example, FIG. 7 is a block diagram of an article 700 of

manufacture according to various embodiments, such as a computer, a memory

system, a magnetic or optical disk, or some other storage device. The article 700

may include one or more processors 7 16 coupled to a machine-accessible

medium such as a memory 736 (e.g., removable storage media, as well as any

tangible, non-transitory memory including an electrical, optical, or

electromagnetic conductor) having associated information 738 (e.g., computer

program instructions and/or data), which when executed by one or more of the



processors 716, results in a machine (e.g., the article 700) performing any

actions described with respect to the methods of FIGs. 1 and 6, the apparatus of

FIG. 2, and the systems of FIGs. 2, 4, and 5. The processors 716 may comprise

one or more processors sold by Intel Corporation (e.g., Intel® Core™ processor

family), Advanced Micro Devices (e.g., AMD Athlon™ processors), and other

semiconductor manufacturers.

[0094] In some embodiments, the article 700 may comprise one or more

processors 716 coupled to a display 718 to display data processed by the

processor 716 and/or a wireless transceiver 720 (e.g., a down hole telemetry

transceiver) to receive and transmit data processed by the processor.

[0095] The memory system(s) included in the article 700 may include

memory 736 comprising volatile memory (e.g., dynamic random access

memory) and/or non-volatile memory. The memory 736 may be used to store

data 740 and instructions processed by the processor 16.

[0096] In various embodiments, the article 700 may comprise

communication apparatus 722, which may in turn include amplifiers 726 (e.g.,

preamplifiers or power amplifiers) and one or more antennas 724 (e.g.,

transmitting antennas and/or receiving antennas). Signals 742 received or

transmitted by the communication apparatus 722 may be processed according to

the methods described herein.

[0097] Many variations of the article 700 are possible. For example, in

various embodiments, the article 700 may comprise a down hole tool, including

the tool 202 shown in FIG. 2B. In some embodiments, the article 700 is similar

to or identical to the apparatus 200 shown in FIGs. 2A and 2B.

[0098] Using the apparatus, systems, and methods disclosed herein may

provide the ability to discriminate between similar layers in a geological

formation, to confirm the existence of a fault, and add to the stratigraphic

knowledge for a particular formation. In addition, biosteering may be enabled.

The combination of these advantages can significantly enhance the services

provided by an operation/exploration company while at the same time

controlling time-related costs.



[0099] The accompanying drawings that form a part hereof, show by

way of illustration, and not of limitation, specific embodiments in which the

subject matter may be practiced. The embodiments illustrated are described in

sufficient detail to enable those skilled in the art to practice the teachings

disclosed herein. Other embodiments may be utilized and derived therefrom,

such that structural and logical substitutions and changes may be made without

departing from the scope of this disclosure. This Detailed Description, therefore,

is not to be taken in a limiting sense, and the scope of various embodiments is

defined only by the appended claims, along with the full range of equivalents to

which such claims are entitled.

[00100] Such embodiments of the inventive subject matter may be

referred to herein, individually and/or collectively, by the term "invention"

merely for convenience and without intending to voluntarily limit the scope of

this application to any single invention or inventive concept if more than one is

in fact disclosed. Thus, although specific embodiments have been illustrated and

described herein, it should be appreciated that any arrangement calculated to

achieve the same purpose may be substituted for the specific embodiments

shown. This disclosure is intended to cover any and all adaptations or variations

of various embodiments. Combinations of the above embodiments, and other

embodiments not specifically described herein, will be apparent to those of skill

in the art upon reviewing the above description.

[00101] The Abstract of the Disclosure is provided to comply with 37

C.F.R. § 1.72(b), requiring an abstract that will allow the reader to quickly

ascertain the nature of the technical disclosure. It is submitted with the

understanding that it will not be used to interpret or limit the scope or meaning

of the claims. In addition, in the foregoing Detailed Description, it can be seen

that various features are grouped together in a single embodiment for the

purpose of streamlining the disclosure. This method of disclosure is not to be

interpreted as reflecting an intention that the claimed embodiments require more

features than are expressly recited in each claim. Rather, as the following claims

reflect, inventive subject matter lies in less than all features of a single disclosed

embodiment. Thus the following claims are hereby incorporated into the



Detailed Description, with each claim standing on its own as a separate

embodiment.



Claims

What is claimed is:

1. A processor-implemented method, comprising:

acquiring fluid image information from an imaging device having a field

of view including fluid, the fluid image information including fossil image

information;

processing the fossil image information to identify fossil types in the

fluid as data that associates the fossil types with a formation from which the

fluid was acquired;

determining a location of a first borehole in the formation based on the

data and offset records associated with a second borehole; and

publishing the data in conjunction with indications of the location.

2 . The method of claim 1, further comprising:

adding dye to the fluid captured between an optically transparent window

and another surface.

3 . The method of claim 2, wherein the dye is to enhance contrast of fossils in the

fluid or to enhance contrast of particles other than fossils in the fluid, or both.

4 . The method of claim 1, further comprising:

after processing the fossil image information, adding acid to the fluid to

dissolve fossils in the fluid.

5 . The method of claim 1, wherein the processing comprises:

processing the fluid image information using a recognition algorithm to

determine the fossil image information.



6 . The method of claim 5, wherein the algorithm comprises a facial recognition

algorithm.

7 . The method of claim 1, further comprising:

pumping the fluid as formation fluid into a windowed receptacle.

8.The method of claim 7, further comprising:

pumping a cleaning fluid to flush fossils and other objects from the

windowed receptacle.

9 . The method of claim 1, further comprising:

rotating a windowed receptacle to move fossils into the field of view, to

provide new values of the fossil image information.

10. The method of claim 1, further comprising:

obtaining spectral information from the fluid to augment the fluid image

information and to locate fossils in the fluid.

11. The method of claim 1, further comprising:

steering a borehole drill bit based at least in part on the data, including

presence or absence of selected ones of the fossil types.

12. The method of claim 1, further comprising:

updating an Earth formation model based on the data.

13. The method of claim 1, wherein the publishing comprises:

publishing trends in the data.

14. The method of claim 1, further comprising:

compressing fossils in the fluid between an optically transparent window

and a compliant surface.



15. The method of claim 1, further comprising:

adjusting a focal plane of the imaging device using focal markers on a

surface used to contain the fluid.

16. The method of claim 1, further comprising:

rotating or shifting a focal plane associated with the imaging device into

the field of view to focus an observation lens of the imaging device.

17. The method of claim 1, further comprising:

transmitting at least a portion of the data from down hole to a surface

processor.

18. The method of claim 17, wherein the transmitting comprises:

transmitting the at least a portion of the data via telemetry.

1 . The method of claim 1, wherein the fluid comprises captured fluid, further

comprising:

adding dye and a first clean fluid to form dyed fluid that is used to flush

out the captured fluid from a receptacle; and

washing the dyed fluid out with a second clean fluid to expose fossils

associated with the fossil types between an optically transparent window and

another surface forming part of the receptacle.

20. The method of claim 1, further comprising:

agitating the formation wall to cause fossils associated with the fossil

types to mix into the fluid.

2 1. The method of claim 1, further comprising:

storing a sample of the fluid containing fossils associated with the fossil

types in a container for transport.

22. An apparatus, comprising:



a fluid receptacle having an optically transparent window to contain a

fluid and fossils;

a pump to move the fluid into and out of the fluid receptacle;

at least one imaging device to acquire fluid image information from the

fluid, the fluid image information including fossil image information; and

a processor to extract the fossil image information from the fluid image

information, to identify fossil types in the fluid as data that associates the fossil

types with a formation from which the fluid was acquired, and to determine a

location of a first borehole in the formation based on the data and offset records

associated with a second borehole.

23. The apparatus of claim 22, further comprising:

at least one of a dye injector or an acid injector, to inject a dye or an acid

into the fluid under control of the processor.

24. The apparatus of claim 22, further comprising:

at least one reversible drive device to advance and retract a compliant

surface to capture the fossils against the optically transparent window.

25 . The apparatus of claim 24, wherein the optically transparent window

comprises:

a synthetic sapphire window.

26. A system, comprising:

a down hole tool housing; and

an apparatus attached to the housing, the apparatus comprising a fluid

receptacle having an optically transparent window to contain a fluid and fossils,

a pump to move the fluid into and out of the fluid receptacle, at least one

imaging device to acquire fluid image information from the fluid, the fluid image

information including fossil image information, and a processor to extract the

fossil image information from the fluid image information, to identify fossil

types in the fluid as data that associates the fossil types with a formation from



which the fluid was acquired, and to determine a location of a first borehole in

the formation based on the data and offset records associated with a second

borehole.

27. The system of claim 26, wherein the housing comprises:

one of a wireline tool body, a measurement while drilling down hole tool,

or a logging while drilling down hole tool.

28. The system of claim 26, further comprising:

a display to display the data.

29. The system of claim 26, further comprising:

a transmitter to transmit at least a portion of the data to a remote

processor.
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