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(57) Abstract: This disclosure relates to determining optimal parameters for a downhole operation. In a general aspect, a com

puter-implemented method for managing a downhole operation is described in this disclosure. The method includes receiving a con
f4 tinuous stream of real-time data associated with an ongoing downhole operation at a data ware house. In the meantime, a selection of 

a downhole parameter is received from a user. Then, with a computing system, the selected downhole parameter is optimized based 
on a portion of the received stream of data to approach a target value of the selected downhole parameter. The optimized downhole 
parameter can then be used in the ongoing operation.



DETERMINING OPTIMAL PARAMETERS FOR A DOWNHOLE OPERATION 

TECHNICAL BACKGROUND 

[0001] This disclosure relates to determining and/or optimizing parameters related 

to a drilling operation and/or other hydrocarbon recovery operation.  

BACKGROUND 

[0002] In many instances, drilling operations and other operations associated with 

recovery of hydrocarbons from a subterranean zone are performed by relying on 

measurement information sent from downhole tools and equipment during the operation 

without visually monitoring the operation. The measurement information may be of 

various data types measured by sensors and logged in certain industry database standards.  

Such information may be used to describe the operation and enable the creation and/or 

adjustment of control parameters for the operation. The control parameters may be 

generated under certain calculation models.  

SUMMARY 

[0002a] One aspect relates to a computer-implemented method for managing a 

downhole operation, comprising: receiving, at a data warehouse, a substantially 

continuous stream of real-time data associated with an ongoing downhole operation, the 

ongoing downhole operation comprising a wellbore formation operation; receiving, from a 

user, a selection of a downhole parameter; optimizing, with a computing system, the 

selected downhole parameter based on a portion of the received stream of data to approach 

a target value of the selected downhole parameter; and using the optimized downhole 

parameter in the ongoing downhole operation to adjust a rate of penetration of a downhole 

tool in the wellbore formation operation.  
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[0002b] Another aspect relates to an apparatus comprising instructions embodied 

on a tangible, non-transitory computer-readable media, the instructions operable when 

executed to cause a computing system to perform operations comprising: receiving, at a 

data warehouse, a substantially continuous stream of real-time data associated with an 

ongoing downhole operation, the ongoing downhole operation comprising a wellbore 

formation operation; receiving, from a user, a selection of a downhole parameter; 

optimizing, with a computing system, the selected downhole parameter based on a portion 

of the received stream of data to approach a target value of the selected downhole 

parameter; and using the optimized downhole parameter in the ongoing downhole 

operation to adjust a rate of penetration of a downhole tool in the wellbore formation 

operation.  

DESCRIPTION OF DRAWINGS 

[0003] FIG. 1 illustrates an example system for real-time analysis and/or 

optimization of a downhole operation according to the present disclosure; 

[0004] FIG. 2 illustrates an example process for real-time analysis and/or 

optimization of a downhole operation according to the present disclosure; 

[0005] FIG. 3 illustrates an example process for real-time analysis and/or 

optimization of example downhole parameters according to the present disclosure; 

[0006] FIGS. 4A-4B illustrate a graphical example of data coupling architecture 

for real-time analysis and/or optimization of a downhole parameter according to the 

present disclosure; 

[0007] FIG. 5 illustrates an example of calculation procedure in the optimization 
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procedure according to the present disclosure; 

[0008] FIG. 6 illustrates an example control loop for a downhole operation 

according to the present disclosure; 

[0009] FIG. 7 illustrates an example single-well and/or multi-well graphical 

processes for real-time analysis and/or optimization of a downhole operation according to 

the present disclosure; 

[0010] FIG. 8 is an example graphical user interface of a system for real-time 

analysis and/or optimization of a downhole operation according to the present disclosure; 

and 

[0011] FIG. 9 illustrates an example method for determining optimal parameters 

for a downhole operation.  

DETAILED DESCRIPTION 

[0012] This disclosure relates to determining optimal parameters for a downhole 

operation. In a general aspect, a computer-implemented method for managing a 

downhole operation is described in this disclosure. The method includes receiving a 

continuous stream of real-time data associated with an ongoing downhole operation at a 

data ware house. In the meantime, a selection of a downhole parameter is received from 

a user. Then, with a computing system, the selected downhole parameter is optimized 

based on a portion of the received stream of data to approach a target value of the 

selected downhole parameter. The optimized downhole parameter can then be used in the 

ongoing operation.  

[0013] In one or more specific aspects combinable with the general aspect, the 

method can further include filtering the received stream of data associated with the 

ongoing downhole operation prior to optimizing the selected downhole parameter. The 

filtering process can include at least one of these example processes: filtering the 

received stream of data to a predetermined sampling rate, or removing noise associated 

with the received stream of data. The process of optimizing the selected downhole 
2
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parameter can include at least one of the following example processes: maximizing the 

selected downhole parameter based on the portion of the received stream of data to 

approach the target value of the selected downhole parameter, or minimizing the selected 

downhole parameter based on the portion of the received stream of data to approach the 

target value of the selected downhole parameter.  

[0014] More features can be included combinable with any of the previous 

aspects. For example, the ongoing downhole operation is a first downhole operation, the 

method can further include using the optimized downhole parameter in a second 

downhole operation different than the first downhole operation. The first downhole 

operation can occur in a first wellbore, and the second downhole operation can occur in a 

second wellbore different than the first wellbore. The first and second downhole 

operations can temporally overlap.  

[0015] In one or more specific aspects combinable with any of the previous 

aspects, the method of optimizing the selected downhole parameter includes predicting 

the selected downhole parameter during the ongoing downhole operation. The use of 

optimized downhole parameter in the ongoing operation can include adjusting an input to 

a downhole tool performing the ongoing downhole operation, for example, operating the 

downhole tool at the adjusted input, optimizing the selected downhole parameter based 

on another portion of the received stream of data to approach the target value of the 

selected downhole parameter, and re-adjusting the input to the downhole tool performing 

the ongoing downhole operation.  

[0016] In one or more specific aspects combinable with any of the previous 

aspects, the method further includes preprocessing the continuous stream of real-time 

data in the data warehouse for computation time reduction and preparation for following 

computation processes. The ongoing downhole operation includes at one of the 

following: a drilling operation; a trip in operation; a trip out operation; a wiping 

operation; a drilling and rotating off bottom operation; or a production operation. The 

substantially continuous stream of data associated with an ongoing downhole operation 
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can include at least one of the following: weight on bit; downhole motor rotational speed; 

surface rotational speed; annular pressure; temperature; density; inclination; or azimuth.  

[0017] In one or more specific aspects combinable with any of the previous 

aspects, the method can further include calculating one ore more variables associated 

with the ongoing downhole operation based at least in part on the substantially 

continuous stream of data associated with an ongoing downhole operation. The one or 

more variables associated with the ongoing downhole operation can include at least one 

of the following: hydromechanical specific energy; density, equivalent density, dogleg 

severity, or hole diameter. For example, when calculating the hydromechanicsl specific 

energy, the following equations may be used: 

Wf+ 120rcNT QAPb 
E = e+ + 

Ab RxAb Rx b , and 

Weff = W - QPmAPb 
58 

where, E, is the specific energy, W is the weight on bit, Weff is the effective weight on bit, 

Q is the flow rate, APb is the pressure drop, R is the bore radius, Ab is the bore cross 

section area, N is the speed of bit rotation, T is torque, and pm is drilling fluid density.  

[0018] One or more embodiments of a control parameter optimization and 

automation system according to the present disclosure may include one or more of the 

following features. For example, various data types required for optimization calculation 

can be acquired simultaneously automatically. The data types can be streamed to the 

processors which use an optimization algorithm for calculating hydromechanical specific 

energy and determine the most energy efficient control parameters for the drilling 

operation. A scheduled loading and delivery system can be integrated to minimize 

unnecessary data queuing. A minimal pick-up and drop-off frequency for the data can be 
4
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used to increase system efficiency.  

[0019] The optimization calculation can be based on energy calculations that are 

updated within a proprietary program in real time (e.g., near instantly or at least quicker 

than human reaction) to observe the efficiency of drilling using certain data streams.  

Continuous surveillance may be performed on the drilling efficiency, bit performance, bit 

flounder point, comparison against the formation strength, and other parameters.  

[0020] FIG. 1 illustrates an example system 100 for real-time analysis and/or 

optimization of a downhole operation according to the present disclosure. The example 

system 100 may be an optimization control system managing a downhole operation. The 

system 100 includes a central computation device 160 for processing and computation.  

The central computation device 160 may include a central processing unit, memories, a 

data storage unit, an input/output interface, a network interface, a graphical user interface 

(GUI), and other peripheral devices. The computation device 160 operates an 

optimization control module that includes a data feed 110, a pre-processing module 120, 

a data assembly and classification module 130, a post-processing module 140, and a 

monitor output 150.  

[0021] In some embodiments, the computation device 160 may be any server that 

stores one or more hosted applications, data in data repositories, web-based applications, 

and/or other content. At a high level, the computation device 160 comprises computer or 

other an electronic computing device (e.g., smartphone, tablet, PDA, or otherwise) 

operable to receive, transmit, process, store, or manage data and information. As used in 

the present disclosure, the term "computer" is intended to encompass any suitable 

processing device. Indeed, the computation device 160 may be any computer or 

processing device such as, for example, a blade server, general-purpose personal 

computer (PC), Macintosh, workstation, UNIX-based workstation, or any other suitable 

device. In other words, the present disclosure contemplates computers other than general 

purpose computers, as well as computers without conventional operating systems.  

Further, illustrated computation device 160 may be adapted to execute any operating 
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system, including Linux, UNIX, Windows, Mac OS, or any other suitable operating 

system.  

[0022] A central processing unit (CPU) of the computation device 160 may 

include one or more processors, a blade, an application specific integrated circuit (ASIC), 

a field-programmable gate array (FPGA), or another suitable component. Generally, the 

CPU executes software (e.g., instructions encoded on tangible, non-transitory media) and 

manipulates data to perform the operations of the computation device 160. Regardless of 

the particular implementation, "software" may include computer-readable instructions, 

firmware, wired or programmed hardware, or any combination thereof on a tangible 

medium operable when executed to perform at least the processes and operations 

described herein. Indeed, each software component may be fully or partially written or 

described in any appropriate computer language including C, C++, Java, Visual Basic, 

assembler, Perl, any suitable version of 4GL, as well as others.  

[0023] One or more memories of the computation device 160 may include any 

memory or database module and may take the form of volatile or non-volatile memory 

including, without limitation, magnetic media, optical media, random access memory 

(RAM), read-only memory (ROM), removable media, or any other suitable local or 

remote memory component. The memories may store various objects or data, including 

classes, frameworks, applications, backup data, business objects, jobs, web pages, web 

page templates, database tables, repositories storing business and/or dynamic 

information, and any other appropriate information including any parameters, variables, 

algorithms, instructions, rules, constraints, or references thereto associated with the 

purposes of the computation device 160.  

[0024] An interface of the computation device 160 may comprise logic encoded 

in software and/or hardware in a suitable combination and operable to communicate with 

a network. More specifically, the interface may comprise software supporting one or 

more communication protocols associated with communications such that the network or 

interface's hardware is operable to communicate physical signals within and outside of 
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the illustrated computation device 160. A network facilitates wireless or wireline 

communications between the components of a computing environment including the 

computation device 160, as well as with any other local or remote computer, such as 

additional clients, servers, or other devices communicably coupled to the network but not 

illustrated in FIG. 1.  

[0025] A network communicably coupled to the computation device may be a 

single network, but may be a continuous or discontinuous network without departing 

from the scope of this disclosure. The network may be all or a portion of an enterprise or 

secured network, while in another instance at least a portion of the network may represent 

a connection to the Internet. In some instances, a portion of the network may be a virtual 

private network (VPN), such as, for example, the connection between the computation 

device and other computers or other electronic devices. Further, all or a portion of the 

network can comprise either a wireline or wireless link. Example wireless links may 

include 802.11a/b/g/n, 802.20, WiMax, and/or any other appropriate wireless link. In 

other words, the network encompasses any internal or external network, networks, sub

network, or combination thereof operable to facilitate communications between various 

computing components including computation device 160. The network may 

communicate, for example, Internet Protocol (IP) packets, Frame Relay frames, 

Asynchronous Transfer Mode (ATM) cells, voice, video, data, and other suitable 

information between network addresses. The network may also include one or more 

local area networks (LANs), radio access networks (RANs), metropolitan area networks 

(MANs), wide area networks (WANs), all or a portion of the Internet, and/or any other 

communication system or systems at one or more locations.  

[0026] A GUI of the computation device 160 may generate a visual representation 

of the one or more hosted applications, web-based applications, data set, or other data to 

provide efficient and user-friendly presentation of data provided by or communicated 

within the system. The term "graphical user interface," or GUI, may be used in the 

singular or the plural to describe one or more graphical user interfaces and each of the 
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displays of a particular graphical user interface. Therefore, the GUI can represent any 

graphical user interface, including but not limited to, a web browser, touch screen, or 

command line interface (CLI) that processes information in the computation device 160 

and efficiently presents the information results to the user. In general, the GUI may 

include a plurality of user interface (UI) elements, such as interactive fields, pull-down 

lists, and buttons operable by the user at the computation device 160.  

[0027] The data feed 110 may include technical data transmitted under an 

industrial format such as the wellsite information transfer standard markup language 

(WITSML). WITSML has been developed for communicating data to oil rig operation 

from a diverse array of specialist contractors at a modern drilling rig or offshore platform.  

WITSML continues to be developed by an Energistics facilitated Special Interest Group 

to develop XML standards for drilling, completions, and interventions data exchange.  

WITSML facilitates the free flow of technical data across networks between oil 

companies, service companies, drilling contractors, application vendors and regulatory 

agencies for the drilling, completions, and interventions functions of the upstream oil and 

natural gas industry. The data feed 100 may include data under other standards and 

formats, such as the wellsite information transfer specification.  

[0028] The data feed 110 may be real time, "right time," and/or buffered/stored 

data. In some embodiments, "right time" data may include, for instance, pre-determined 

data for predetermined conditions, such as a data template under certain conditions. In 

some implementations, the data feed 100 may include data from an active data 

warehousing, which captures transactions when data change in real time, and integrate 

the data into the warehouse along with maintaining batch or scheduled cycle refreshes.  

In some implementations, the data feed 100 may include data from a right-time data 

warehouse, which contains pre-determined data for certain pre-defined conditions. In 

some implementations, the data feed 100 may include data from a pre-stored memory or 

buffer module for validating, testing or tuning the computation device 160 and/or the 

computation algorithm running therein.  
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[0029] The data feed 100 may include data types such as depth (measured and 

vertical), flow rate, weight on bit, bit rotational speed,, bit size, drill collar length, rate of 

penetration, torque and drag on the string, chloride filtrate, plastic viscosity, yield point, 

mud weight and gel strength (e.g., 10 see and 10 minute). Other data types may also be 

included for optimization calculation, such as calcium filtrate, chloride filtrate, torque, 

circulating pressure, weight on bit, drag, bit size, bottom-hole assembly, rate of 

penetration and revolutions per minute.  

[0030] The pre-processing module 120 may include a processing module that 

filters and/or conditions the data feed 100. The preprocessing module 120 may filter the 

data into a predetermined sampling rate. The pre-processing module 120 may include 

one or many digital filters and/or one or many analog filters. The pre-processing module 

120 may include signal converters such as digital to analog signal converter or analog to 

digital signal converter to unify the signal data to be processed. The filters may be a 

band-pass filter, a high pass filter, a low pass filter, an average filter, a noise reduction 

filter, a delay filter, a summation filter, a format conversion filter, and/or other types of 

filters. The filters may be based on fast Fourier transform to allow the spectrum to be 

manipulated before converting the modified spectrum back to a time-series signal, such 

as band-pass filters. The filters may be based on a state-space model such as the Kalman 

filter.  

[0031] After the data stream has been pre-processed at the pre-processing module 

120, the data is to be assembled and classified at module 130. The data assembly and 

classification module 130 may include a database 131 and a classification 133. The 

assembly and classification process, in some embodiments, may be used in optimization 

and prediction. In the case of normal operation datasets, the data are classified as 

drilling, tripping out, tripping in, wiping, drilling and rotating off bottom. Embodiments 

of the present disclosure may be applicable to other non-productive operations which can 

be further classified. Several analysis such as rate of penetration prediction, specific 

energy estimation, drilling efficiency using the compressive rock strength using the 
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UCS/CCS value or LWD log data, well profile energy, stuck pipe prediction, vibration 

prediction, increase buildup of cuttings bed, deviation in the friction factor, etc. may be 

performed for the classification.  

[0032] The data and parameters used in the system 100 may be stored in the 

database 131. The stored data and parameters can be of any type, format, or structure 

depending on the requirement by the system 100. In some implementations, such as pipe 

sticking condition, the data and parameters can belong to three major groups of 

classification: mechanical, differential, and non-stuck. The groups may be the 

classification 133 in the assembly and classification module 130. The variables of the 

dataset that can be common to both stuck and non-stuck wells and listed in the 

classification 133 are measured depth, actual vertical depth, flow rate, weight on bit, bit 

rotational speed,, bit size, drill collar length, rate of penetration, torque and drag on the 

string, chloride filtrate, plastic viscosity, yield point, mud weight and gel strength (e.g., 

10 see and 10 minute). The variables may be stored in a form of variables x1 to x in the 

classification 133. However, other data and parameters may be stored in the database 

131 as specified by the system 100.  

[0033] The post-processing module 140, in some embodiments, may be the 

computation center where the optimization and sensitivity analysis are executed. The 

optimization may compare specific energy calculations to that of rock strength. Either 

unconfined rock strength (UCS) or confined rock strength (CCS) enables continuous 

evaluation of drilling performance to identify limiters, such as flounder points, in the 

drilling system. The specific energy calculated can be used to determine the failure point 

of the rock formation calculated from the function of rock strength. The rock strength 

can be predicted from offset well analysis and projected onto future well profiles. Rock 

strength can then be recalculated in real time based on measurements of the rock 

properties from LWD/MWD tools. In some implementations, rock strength can be 

calculated using post well wireline or post well LWD/MWD logging tools.  

[0034] Optimization performed in the post-processing module 140 can be applied 
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to the bit by determining the energy required to breakdown the formation and ensure bit 

life is used effectively. Drilling parameters can then be recommended by the system 100 

for optimized drilling efficiency and bit life. Bit wear and bit life can be recalculated as 

downhole formation evaluation tools update and correct for any formation variations that 

result in varying formation compressive strengths. The drilling process can then be 

predicted and the rate of penetration (ROP) can be calculated under the optimized drilling 

parameters.  

[0035] As ROP is predicted for optimized drilling parameters, then the impact in 

the form of non-productive time or invisible lost time may also be calculated. The 

system may be able to quantify the negative impact of sub-optimal drilling. In some 

implementations, the optimization performed in the post-processing module 140 may be 

applied to directly measured data for optimizing a real time situation. The optimization 

may also performed under arbitrary situation for simulation purposes. The optimization 

may also be used to compare optimized parameters with current parameters to generate a 

prediction and/or evaluation report.  

[0036] The post-processing module 140 may include sensitivity analysis for the 

optimization calculation. Sensitivity analysis may determine how the 

parameters/variables in the output of the optimization model can be attributed to different 

variations in the inputs of the model. The sensitivity analysis may enable a priority 

ranking for the drilling control parameters so that the most change effective parameters 

can be selected and optimized.  

[0037] The monitor output 150 may display, print, and/or transmit the 

optimization analysis result to a user and/or receiving end that has the authority to change 

control parameters. The monitor output 150 may include a graphical user interface (GUI) 

that shows the data feed 110, current control parameters, optimized control parameters, 

drilling performance, and/or other data related to the drilling operation. The GUI may be 

displayed on a stationary monitoring device, a mobile electronic device, or both. The 

monitor output 150 may be connected to a drilling operation control module in which 
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updated drilling parameter generated from optimization may be used for updated drilling 

control.  

[0038] FIG. 2 illustrates an example process 200 for real-time analysis and/or 

optimization of a downhole operation according to the present disclosure. The process 

200 illustrates an example of using streamed data for specific energy prediction. In 

comparison to FIG. 1, a rig site input module 210 functions similarly to the data feed 110 

in FIG. 1. The rig site input module 210 may include a log data module 211 and a 

WITSML server 213 or a connection to the WITSML server 213. The rig site input 

module 210 may be operated by an input data manager 203, who may initiate, monitor, 

and manage the rig site input module 210.  

[0039] In the implementation shown in FIG. 2, the rig site input module 210 

transmits data to a client module 220, such as the OpenWire. The OpenWire can be an 

application that converts stream of drilling data from known resources in common 

languages such as WITSML, WITS, OPC, etc. The OpenWire application can insert the 

data into known databases or datastores such as OpenWorks, EDM, Finder, etc. Other 

applications may also be implemented at the client module 220 to build complex data 

streaming applications.  

[0040] The client module 220 may further load the data stream to an estimation 

module 230. The estimation module 230, in some embodiments, may be Engineers Data 

Model (EDM), WELLPLAN, Compass, StressCheck, Wellcat, and/or other commercially 

available or proprietary software for predictive estimation. In some implementations, 

EDM is used at the estimation module 230. The estimation module 230 may provide 

drilling, well planning and operations reporting systems in the form of a single platform 

for detailed operations and engineering workflows from prototype to plan and actual 

phases of drilling or servicing a well. The estimation module 230 then process the data 

stream and send the data stream to a well-plan plug-in module 235.  

[0041] The client module 220 may notify an security account manager (SAM) 

server 240 while the well-plan plug-in module 235 transmits data stream to the SAM 
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server 240. The SAM server 240 may be a database present on servers running an 

operating system, such as a Windows Server that stores user accounts and security 

descriptors for users on the local computer. The SAM server 240 may then update two 

engines, engine-i 250 and engine-2 260, via a data update 241 and a log update 243. The 

engine-i 250, in some embodiments, may be compared to the pre-processing module 120 

shown in FIG. 1; and the engine-2 260, in some embodiments, may be compared to the 

post-processing module 140 shown in FIG. 1.  

[0042] The SAM server 240 may update the engine-i 250 and the engine-2 260 

simultaneously; or the SAM server 240 may update the engine-i 250 first and then 

update the engine-2 260. The output of engine-i 250 may further transmit trajectory 

update 245 to the engine-2 260. The engine-i 250 may include one or many digital filters 

and/or one or many analog filters. The pre-processing module 120 may include signal 

converters such as digital to analog signal converter or analog to digital signal converter 

to unify the signal data to be processed. The filters may be a band-pass filter, a high pass 

filter, a low pass filter, an average filter, a noise reduction filter, a delay filter, a 

summation filter, a format conversion filter, and/or other types of filters.  

[0043] One of the primary objectives performed by engine-i 250 may be to 

reduce signal noise. Another primary objective performed by the engine-i 250 may be to 

filter the data to a desired end sampling rate. The engine-i 250 may perform data 

assembly and classification. In the case of normal operation, the data may be classified 

as datasets of categories such as, for example, drilling, tripping out, tripping in, wiping, 

and drilling and rotating off bottom. Embodiments of the present disclosure may be 

applicable to other non-productive operations which can be further classified. The 

conditioned and classified data is then sent to engine-2 260 via the trajectory update 245.  

[0044] The engine-2 260 performs optimization and sensitivity analysis after 

receiving data updates from the SAM server 240 and the engine-i 250. The log update 

243 and the trajectory update 245 may include information related to the position of the 

wellpath and associated drilling parameters so that drilling data can be referenced to 
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depth as well as time. The engine-2 260 may compare specific energy calculations to that 

of rock strength. Either UCS or CCS enables continuous evaluation of drilling 

performance to identify limiters, such as flounder points, in the drilling system. The 

specific energy calculated can be used to determine the failure point of the rock formation 

calculated from the function of rock strength. The rock strength can be predicted from 

offset well analysis and projected onto future well profiles.  

[0045] The engine-2 260 may receive a previously iterated specific energy 

prediction 270. The specific energy prediction 270 may be calculated from data stream 

measured in a previous period. The engine-2 260 may be controlled, monitored, and/or 

managed by an operator 201. The operator 201 may be monitoring the operation only, or 

provide further instructions and/or parameter definitions to the engine-2 260. The 

engine-2 260 performs the optimization with the updated data stream (log update 243 and 

trajectory update 245) as well as the specific energy prediction 270. The optimization 

may be based on maximization or minimization of a target value such as the 

hydromechanical specific energy, which may be calculated with the following 

derivations.  

[0046] The mathematical formulation for complex well path designs may utilize 

data to enable decision making on controlling vibrations along with drill string and 

predicting when to pull out worn bits, preventing bottom hole balling and bit balling.  

The objective function may be a modified derivation of mechanical specific energy 

calculated as: 

Weff 120rTNT QAPb 
E = + + 

Ab RxAb RxAb ,and 

Weff=W- PmAPb 
58 

where, E, is the specific energy, W is the weight on bit (kips), Weff is the effective weight 

on bit (kpis), Q is the flow rate (gpm), APb is the pressure drop (psi), R is the bore radius 
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(in), Ab is the bore cross section area (in2), N is the speed of bit rotation (rpm), T is 

torque (ft-lbf), and pm is drilling fluid density.  

[0047] Multiple cutting structures (e.g., when using bits and under-reamers or 

hole openers) can significantly affect the tandem cutting structure performance and 

therefore the specific energy calculations. Due to different levels of aggressiveness, the 

side cutting force may result in different specific energy levels. The different levels of 

aggressiveness may drill different formations resulting in different specific energy.  

Balancing the energy is extremely important when different cutting structures are used in 

tandem. Considering the new equilibrium condition when such types of components are 

present in the drill string, the hydromechanical specific energy can be given as: 

Wb, l 40NpN (4Fb" + Wb) (4Flr + W 
E Weff Weff +eff ) 

SAb Ar R Ab Ar 

w bw Qr mA/ 

in which Weff = W PmPr 
58 

where Fs is force in the string, r is reamer, A, is the reamer area Ar = d - d ) 

where d, is the diameter of the reamer or hole opener and db is the diameter of the pilot 

bit, and AP, is reamer pressure drop.  

[0048] When hole openers or under-reamers are used in the drill string while 

drilling the drilling fluid may become split resulting in parallel flow paths in the system.  

Due to the split in flow and accounting the effect of impact force due to the flow the 

calculation for hydromechanical specific energy can be further modified as: 

WbW wb4~ (4w +r 2 We Wef 40TcN N94F," W, (4fWQfs Q2 E~ ff+ ref+ + Weff ______p E Ab + + + + + 

[0049] The potential rate of penetration may also be predicted for all bit types: 

fixed, roller cone, and others, by applying specific energy theory and mechanical 
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efficiency as a function of rock strength. After the apparent rock strength is accurately 

determined from either open-hole log analysis or core measurements, the ROP based on 

work and power input into the bit efficiency can be calculated. The following calculations 

establish the advantage of the model disclosed.  

[0050] Optimization is carried out with boundary conditions (constraints) 

updating as the drilling process proceeds. The time or depth interval can be either set by 

the user or automated by monitoring the new variable change within the desired set 

limits. The number of variables can be depending on the real-time data feed. The 

disclosure also embodies the comparison of the theoretical energy optimal well design 

with the actual well trajectory. It can be further normalized to a standard wellbore course 

length between survey stations and can be given as 

I ,2 2 

E(abs)" 
Dn + ADn 

where E(abs) is the absolute wellprofile energy, Ki is wellbore curvature, 'Ci is borehole 

torsion, ADi is a change in depth at survey point i, D,, is a depth at any survey point i, and 

AD,, is the change in depth across a number of survey stations, n.  

[0051] In order to quantify how the well trajectory has changed after applying the 

artificial tortuosity, a relative energy is defined which is the energy of the wellbore 

relative to the absolute energy, and is as given below: 

E E tor -Enotor 

S (rel) s(abs)n s(abs)n 

where E (re) is relative wellprofile energy, E,s,, is absolute wellprofile energy with 

tortuosity or well undulation applied, and E)" is absolute wellprofile energy without 

tortuosity or no well undulation applied.  
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[0052] Minimization of the total energy of the curve will result in less torque and 

drag during drilling operations. Various optimization schemes may be employed. In 

some implementations, derivatives for curvature squared, square of curvature derivative, 

torsion squared, or combinations of such terms with mean weighting are given below 

2 i+1 2 ADi-1 

(dK 2 2 ADI ,_ Aii±AK A~iK. Ai+1 
dD (ADjj + AD+1 ) 

AKg_1  AKg_1  AKi+1  AKi+1 
where AD,_1 AD,_j and ADi1 Aj,1 are respectively the right and left derivative 

slopes of the curvature. The derivative analysis may be useful to determine the depth of 

the occurrence of the unevenness in the well path that may cause tool failure. The 

usefulness of the model may depend on validation and comparison with the actual data.  

Also, it should provide confidence with fewer uncertainties.  

[0053] Based on the formulations, the engine-2 260 performs optimization and 

generate a result report 280 comparing with the previous specific energy prediction. The 

report 280 may include numerical data in the format of numbers, graphical figures, and 

other forms for the operator 201 to monitor the calculated result.  

[0054] FIG. 3 illustrates an example process 300 for real-time analysis and/or 

optimization of example downhole parameters according to the present disclosure. In the 

implementation shown in FIG. 3, the process 300 may be used to predict the rate of 

penetration. The process 300 may first receive input data variables 310, which may 

include current information regarding weight on bit (WOB), drill bit rotational speed (N), 

drilling fluid flow rate (Q), and current rate of penetration (ROP). Other variables may 

also be included depending on the complexity of the situation and which corresponding 

formulation is applied.  

[0055] The process 300 may subsequently receive trend analysis design variables 

320 that are suggested, defined or calculated by a user or operator alike. The trend 
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analysis design variables 320 may include bore diameter (Db), bore cross sectional area 

(A,,), drilling fluid density/mud density (pm), reamer/hole-opener diameter (Dr), 

reamer/hole-opener cross sectional area (Ar), and other design variables.  

[0056] After receiving the data variables 310 and the trend analysis design 

variables 320, the process 300 can then calculate control parameters 330 based on the 

formulations used in the engine-2 260 shown in FIG. 2. In some implementations, the 

process 300 may generate parameters 330 such as the Weff, APb, Ts, T, and F,. The 

calculated parameters 330 may then be used to calculate the ROP at the step of ROP 

prediction 340.  

[0057] In some implementations, the process 300 may be used to predict specific 

energy. The process 300 may first receive input data variables 310, which may include 

current information regarding weight on bit (WOB), drill bit rotational speed (N), drilling 

fluid flow rate (Q), and current rate of penetration (ROP). Other variables may also be 

included depending on the complexity of the situation and which corresponding 

formulation is applied.  

[0058] The process 300 may subsequently receive trend analysis design variables 

320 that are suggested, defined or calculated by a user or operator alike. The trend 

analysis design variables 320 may include bore diameter (Db), bore cross sectional area 

(A,,), drilling fluid density/mud density (pm), reamer/hole-opener diameter (Dr), 

reamer/hole-opener cross sectional area (Ar), and other design variables.  

[0059] After receiving the data variables 310 and the trend analysis design 

variables 320, the process 300 can then calculate control parameters 330 based on the 

formulations used in the engine-2 260 shown in FIG. 2. In some implementations, the 

process 300 may generate parameters 330 such as the Weff, APb, Ts, Tf, and F,. The 

calculated parameters 330 may then be used to calculate the specific energy instead of 

ROP prediction at the step 340.  

[0060] FIGS. 4A-4B illustrate a graphical example of data coupling architecture 

400 for real-time analysis and/or optimization of a downhole parameter according to the 
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present disclosure. The data coupling architecture 400 shown in FIG. 4A is used in a 

drilling time domain analysis (TDA). The TDA may be very effective in evaluating gas 

and light-oil reservoirs. The analysis process may include creating a drag chart 410, a 

well trajectory plan 420, calculating using curvature bridging 430, and generating a report 

450. The calculation using curvature bridging 430 may include calculation of the Hook 

load 441, the drag 443 and the torque 445 of the drilling operation.  

[0061] In FIG. 4B, detail of the well path calculation performed using curvature 

bridging calculation 430 is illustrated. The well path calculation initiates with calculation 

using curvature bridging 431. The general expression for clothoid (e.g., a type of curve 

that has the unique property of making the wellbore smooth) or Eula spiral/spiros is first 

defined at step 432. Subsequently at step 433, the boundary conditions of wellpath are 

specified. At step 434, the coordinates in the north, south, east, and west directions, as 

well as the depth are calculated. At step 435, the well path is constructed by calculating 

the measured depth at step 436, calculating curvature at step 437, and calculating torsion 

at step 438. At step 439, minimum energy is calculated as the criteria for optimization.  

[0062] FIG. 5 illustrates an example of calculation procedure 500 in the 

optimization procedure according to the present disclosure. The calculation procedure 

500 intakes data input 501 into a data warehouse 505 that includes five execution 

modules, which include a data storage and pre-processing module 510, a learning module 

520, an artificial intelligence module 530, an optimization module 540, and a calibration 

module 550. The calculation procedure 500 then output automation parameters 560 for 

various scenarios. The various scenarios may include ROP prediction 571, MSE 

prediction 572, vibration analysis 573, hydraulics 574, well cost prediction 575, and other 

scenarios.  

[0063] The data warehouse 505 stores and categorizes real time data, facilitating 

the storage and access on demand for analysis. This effectively provides a linkage and 

delivery node for access and permits preprocessing of analysis. The data warehouse 505 

enables to follow the data trail back from a best practice optimized operation to the raw 
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data supporting the outcome. This is critical for creating a system which is not just a 

"black box" but does contain the evidence and reasoning using in making each 

conclusion. The data brought may not be limited to surface data, stored data or real time 

data. The data include all the drilling parameters such as weight on bit, rotational speed 

surface, downhole, annular pressure, temperature, density, inclination, azimuth, etc. and 

calculated values such as density, equivalent density, dogleg severity, hole diameter, etc.  

The data warehouse 505 at the macro level offers wide range of financial benefits, 

increased throughput, reduced lead times and can provide the organization and 

departments with insights that are otherwise not captured. Also a scheduled loading and 

delivery system is required so that unnecessary queuing of data is minimized.  

Furthermore, an efficient system bringing about a minimal pick up and drop off 

frequency may lead to considerable efficiency increase.  

[0064] The data storage and pre-processing module 510 may be similar to the pre

processing module 120 and the assembly and classification module 130 in FIG. 1. The 

data storage and pre-processing module 510 may filter the data into a predetermined 

sampling rate. The data storage and pre-processing module 510 may include one or 

many digital filters and/or one or many analog filters, such as a noise reduction filter, a 

band-pass filter, a high pass filter, a low pass filter, an average filter, a delay filter, a 

summation filter, a format conversion filter, and/or other types of filters. The filters may 

be based on fast Fourier transform to allow the spectrum to be manipulated before 

converting the modified spectrum back to a time-series signal, such as band-pass filters.  

The filters may be based on a state-space model such as the Kalman filter.  

[0065] The data storage and pre-processing module 510 may also store and 

classify data. In the case of normal operation datasets the data are classified as drilling, 

tripping out, tripping in, wiping, drilling and rotating off bottom. Embodiments of the 

present disclosure may be applicable to other non-productive operations which can be 

further classified. Several analysis such as rate of penetration prediction, specific energy 

estimation, drilling efficiency using the compressive rock strength using the UCS/CCS 
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value or LWD log data, well profile energy, stuck pipe prediction, vibration prediction, 

increase buildup of cuttings bed, deviation in the friction factor, etc. may be performed 

for the classification.  

[0066] The learning module 520 may include pattern recognition algorithms that 

can perform correlation analysis and determine certain trends and/or patterns of the data.  

The artificial intelligence module 530 may include computational learning module for 

accumulation of data patterns as well as trends analysis. The optimization module 540 

may further employ various optimization schemes such as genetic algorithms, memetic 

algorithm, differential evolution, dynamic relaxation, hill climbing, Nelder-Mead 

simplicial heuristic, particle swarm optimization, simulated annealing, Tabu search, and 

others.  

[0067] The optimization module 540 may then generate data useful for the 

calibration module 550 in determining trimmed parameters in the system. The calibration 

module 550 may reset initial values based on the trimmed parameters. The calculation 

procedure may then send updated data as well as the trimmed parameters to the 

automation process 560.  

[0068] FIG. 6 illustrates an example control loop 600 for a downhole operation 

according to the present disclosure. The control loop 600 starts when data stream 610 is 

received by the control unit. The data stream 610 may include data types such as depth 

(measured and vertical), flow rate, weight on bit, bit rotational speed,, bit size, drill collar 

length, rate of penetration, torque and drag on the string, chloride filtrate, plastic 

viscosity, yield point, mud weight and gel strength (10 see and 10 minute). Other data 

types may also be included for optimization calculation, such as calcium filtrate, chloride 

filtrate, torque, circulating pressure, weight on bit, drag, bit size, bottom-hole assembly, 

rate of penetration and revolutions per minute.  

[0069] The data stream 610 may then be processed at step 620. The processing 

step 620 may include pre-processing, data assembly and classification and post 

processing. The output from the processing step 620 may then be sent to step 630 that 
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has computation algorithms for data spotting and sniffing, which couples with the 

analytics step 640. The analytics step 640 may include a searching step 641, a 

classification step 642, a pattern recognition step 643, a variance calculation step 644, a 

trend analysis step 645 and a response step 646.  

[0070] The output of the analytics step 640 may then output to an artificial 

intelligence module 650 that learns about the output, adapt to the recognized trend and/or 

pattern, and predicts parameters in the coming iterations. The analytics step 640 may 

calculate one or more variables associated with the ongoing drilling operation based at 

least in part on the substantially continuous stream of data associated with an ongoing 

downhole operation. The one or more variables may include values such as density, 

equivalent density, dogleg severity, hole diameter, and others alike.  

[0071] The prediction output as well as optimized control parameters from the 

artificial intelligence module 650 may then be sent to an automation module 660 that 

applies the control parameters to equipment and tools. As the new control parameters are 

in effect, the equipment and tools may record and measure data stream of the updated 

operation performance at step 665. The data stream recorded and measured at step 665 is 

then sent to step 610, forming a closed control loop. The control loop 600 may include 

adjusting an input (such as a calculated value, a user command value, etc.) to a downhole 

tool performing the ongoing downhole operation by using the optimized downhole 

parameter in the ongoing operation.  

[0072] FIG. 7 illustrates an example single-well and/or multi-well graphical 

processes for real-time analysis and/or optimization of a downhole operation 700 

according to the present disclosure. The downhole operation 700 may include one or 

more wells 710, such as illustrated in FIG. 7 from Well 1 to Well n+1, n = 0, 1, 2... The 

wells 710 may be located at various locations in the ground surface 701. Each well 710 

may have a drilling target 730 and a drill path 740 to reach the target. In some 

implementations, the downhole operation 700 may include a drilling operation, a trip in 

operation, a trip out operation, a wiping operation, a drilling and rotating off bottom 
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operation, and/or a production operation.  

[0073] In some implementations, a number of wells 710 from Well I to Well n+1, 

n = 0, 1, 2... may each include an optimization system for calculating and implementing 

optimized downhole parameters for each well 710. Each well 710 may perform a 

respective downhole operation. In some implementations, different downhole operations 

performed by different wells 710 may occur simultaneously or temporally overlap. For 

each well 710, as the drilling operation proceeds along in the planned well path, a 

continuous optimization process may be present.  

[0074] As illustrated in FIG. 7, the continuous optimization process may be 

represented by a string of boxes. Take the Well n+1 for example, the optimization 

procedure along the well path may be represented by a series boxes 720, 722, 724, 726 

and 728, until reaching the drilling target 730. In each optimization box, for example, in 

the optimization box 720, a data stream 750 may be the input, which is similar to 

receiving the rig site input module 210 shown in FIG. 2. The optimization box 720 may 

then perform optimization and sensitivity analysis and output calculated values 760 such 

as torque, rate of penetration, etc. to the operation control system. The continuous 

optimization procedure enables the drilling operation to be more efficient and following 

the planned well path.  

[0075] FIG. 8 is an example graphical user interface 800 of a system for real-time 

analysis and/or optimization of a downhole operation according to the present disclosure.  

The graphical user interface (GUI) 800 may include a control panel 810 and a report 

panel 820. The control panel 810 may allow a user to input control parameters, either 

based on external calculation, or the optimized value calculated within the optimization 

process. In the implementation shown in FIG. 8, the first two rows of data shows 

prediction and optimized values, while t-he third row allows users to input control 

parameters such as rotational speed, weight on bit, rate of penetration, etc. The 

corresponding measurement of the current data is then shown in the report panel 820 in 

the form of graphical plots.  
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[0076] The report panel 820 may include real time monitoring of the operation 

parameters such as the actual weight on bit, actual drilling speed, actual rate of 

penetration, etc. A comparison between the actual parameters and the optimized 

parameters is then produced and the variance based on the collected data is calculated and 

displayed. This allows operators to better monitor the drilling operation. Other 

parameters such as the bit wear, bit life, bit depth, calibration factor, estimated end depth, 

are also reported in the report panel 820.  

[0077] FIG. 9 illustrates an example method 900 for determining optimal 

parameters for a downhole operation. At step 902, a substantially continuous stream of 

real-time data associated with an ongoing downhole operation is received, e.g., at a data 

warehouse. The stream of data may include technical data transmitted under an industrial 

format such as the wellsite information transfer standard markup language (WITSML); 

and the data stream may also include data under other standards and formats, such as the 

wellsite information transfer specification.  

[0078] The stream of data may include data types such as depth (measured and 

vertical), flow rate, weight on bit, bit rotational speed, bit size, drill collar length, rate of 

penetration, torque and drag on the string, chloride filtrate, plastic viscosity, yield point, 

mud weight and gel strength (e.g., 10 see and 10 minute). Other data types may also be 

included for optimization calculation, such as calcium filtrate, chloride filtrate, torque, 

circulating pressure, weight on bit, drag, bit size, bottom-hole assembly, rate of 

penetration and revolutions per minute.  

[0079] The stream of data may be real time, "right time", and/or buffered/stored 

data. In some implementations, the stream of data may include data from an active data 

warehousing, which captures transactions when data change in real time, and integrate 

the data into the warehouse along with maintaining batch or scheduled cycle refreshes.  

In some implementations, the stream of data may include data from a right-time data 

warehouse, which contains pre-determined data for certain pre-defined conditions. In 

some implementations, the stream of data may include data from a pre-stored memory or 
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buffer module for validating, testing and/or tuning.  

[0080] In some embodiments, the downhole operation may be a drilling 

operation, a trip in operation, a trip out operation, a wiping operation, a drilling and 

rotating off bottom operation, or a production (e.g., primary or secondary) operation.  

[0081] At step 904, a selection of a downhole parameter to optimize is received, 

e.g., at a computing system, from a user. The downhole parameter to optimize may be 

received, for example, at the central computation device 160. In some embodiments, the 

downhole parameter may be, for example, information regarding weight on bit (WOB), 

drill bit rotational speed (N), drilling fluid flow rate (Q), and rate of penetration (ROP).  

Other variables may also be included depending on the complexity of the situation.  

[0082] At step 906, a determination is made whether to filter the continuous 

stream of data received in (or near) real-time. If the data is to be filtered, it is filtered at 

step 908. For instance, the stream of data may be pre-processed with various filters. For 

example, the data stream may be filtered into a predetermined sampling rate. There may 

be one or many digital filters and/or one or many analog filters. Signal converters such 

as digital to analog signal converter or analog to digital signal converter may be included 

to unify the signal data to be processed. The filters may be a band-pass filter, a high pass 

filter, a low pass filter, an average filter, a noise reduction filter, a delay filter, a 

summation filter, a format conversion filter, and/or other types of filters. The filters may 

be based on fast Fourier transform to allow the spectrum to be manipulated before 

converting the modified spectrum back to a time-series signal, such as band-pass filters.  

The filters may be based on a state-space model such as the Kalman filter.  

[0083] After filtering, or if no filtering occurs, the selected downhole parameter is 

optimized to approach a target value at step 910. In some embodiments, optimizing the 

downhole parameter may include maximizing the selected downhole parameter based on 

the portion of the received stream of data to approach the target value of the selected 

downhole parameter. Alternatively, or in addition, optimizing may include minimizing 

the selected downhole parameter based on the portion of the received stream of data to 
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approach the target value of the selected downhole parameter. Alternatively, or in 

addition, optimizing may include predicting the selected downhole parameter during the 

ongoing downhole operation.  

[0084] As one example embodiment, optimization may be performed based on 

calculation of the hydromechanical specific energy. The specific energy may be 

compared to that of rock strength. Either UCS or CCS enables continuous evaluation of 

drilling performance to identify limiters, such as flounder points, in the drilling system.  

The specific energy calculated can be used to determine the failure point of the rock 

formation calculated from the function of rock strength. The rock strength can be 

predicted from offset well analysis and projected onto future well profiles.  

[0085] The hydromechanical specific energy maybe calculated using various 

formulations depending on the complexity of the downhole situation. For example, the 

mathematical formulation for complex well path designs may utilize data to enable 

decision making on controlling vibrations along with drill string and predicting when to 

pull out worn bits, preventing bottom hole balling and bit balling. The objective function 

may be a modified derivation of mechanical specific energy calculated as: 

Weff 120rcNT QAPb 
s A RxA RxA 

b b b , and 

Weff = W - Pm& b 58 
where, E, is the specific energy, W is the weight on bit (kips), Weff is the effective weight 

on bit (kpis), Q is the flow rate (gpm), APb is the pressure drop (psi), R is the bore radius 

(in), Ab is the bore cross section area (in2), N is the speed of bit rotation (rpm), T is 

torque (ft-lbf), and pm is drilling fluid density.  

[0086] At step 912, the optimized downhole parameter may be used in the 

ongoing downhole operation. For example, in some embodiments, using the optimized 

downhole parameter may include using it to control a tool, such as a downhole tool used 
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in the ongoing downhole operation.  

[0087] At step 914, a determination is made whether there is an additional 

ongoing downhole operation in which the optimized downhole parameter may be used.  

For example, in some embodiments, the ongoing downhole operation may occur in a first 

wellbore and additional similar or identical downhole operations may occur in other 

wellbores (e.g., within a field of multiple wellbores and operations). If the determination is 

made that there is an additional ongoing downhole operation in which the optimized 

downhole parameter may be used, then the optimized downhole parameter is used in the 

additional operations in the additional wellbores at step 916. This sequence can be 

repeated as illustrated in method 900.  

[0088] If the determination is made that there is not an additional ongoing 

downhole operation in which the optimized downhole parameter may be used, then an 

input to a downhole tool is adjusted based on the optimized downhole parameter at step 

918. Next, at step 920, the downhole tool is operated at the adjusted input. As illustrated in 

steps 922-924, the selected downhole parameter may be optimized again or multiple 

times, according to the continuous stream of data received at step 902.  

[0089] A number of implementations have been described. Nevertheless, it will 

be understood that various modifications may be made. Further, method 900, as well as 

other methods and processes described above, may include fewer steps than those 

illustrated or more steps than those illustrated. In addition, the illustrated steps of method 

900, as well as other methods and processes described above, may be performed in the 

respective orders illustrated or in different orders than that illustrated. Other variations in 

the order of steps are also possible. Accordingly, other implementations are within the 

scope of the following claims.  

[0090] Throughout the description and claims of this specification, the word 

"comprise" and variations of the word, such as "comprising" and "comprises", is not 

intended to exclude other additives, components, integers or steps.  

[0091] The discussion of documents, acts, materials, devices, articles and the like 

is included in this specification solely for the purpose of providing a context for the 

present invention. It is not suggested or represented that any or all of these matters formed 

part of the prior art base or were common general knowledge in the field relevant to the 

present invention as it existed before the priority date of each claim of this application.  
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The claims defining the invention are as follows: 

1. A computer-implemented method for managing a downhole operation, 

comprising: 

receiving, at a data warehouse, a substantially continuous stream of real-time data 

associated with an ongoing downhole operation, the ongoing downhole operation 

comprising a wellbore formation operation; 

receiving, from a user, a selection of a downhole parameter; 

optimizing, with a computing system, the selected downhole parameter based on a 

portion of the received stream of data to approach a target value of the selected downhole 

parameter; and 

using the optimized downhole parameter in the ongoing downhole operation to 

adjust a rate of penetration of a downhole tool in the wellbore formation operation.  

2. The method according to claim 1, further comprising: 

prior to optimizing the selected downhole parameter, filtering the received stream 

of data associated with the ongoing downhole operation.  

3. The method of claim 1, further comprising preprocessing the continuous 

stream of real-time data in the data warehouse for computation time reduction and 

preparation for following computation processes.  

4. The method according to any one of the preceding claims, further 

comprising calculating one or more variables associated with the ongoing downhole 

operation based at least in part on the substantially continuous stream of data associated 

with an ongoing downhole operation.  

5. The method according to claim 4, wherein the one or more variables 

associated with the ongoing downhole operation comprise at least one of: 

hydromechanical specific energy; drilling fluid density, equivalent drilling fluid density, 

dogleg severity, or hole diameter.  
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6. The method according to claim 5, wherein calculating the 

hydromechanical specific energy comprises: 

Weff 1 207cNT QAPb 
E = + + 

Ab RxAb b , and 

Wef, = W - IPmAPb 58 
where, E, is the specific energy, W is the weight on bit, Weff is the effective weight on bit, 

Q is the flow rate, APb is the pressure drop, R is the bore radius, Ab is the bore cross 

section area, N is the speed of bit rotation, T is torque, and pm is drilling fluid density.  

7. An apparatus comprising instructions embodied on a tangible, non

transitory computer-readable media, the instructions operable when executed to cause a 

computing system to perform operations comprising: 

receiving, at a data warehouse, a substantially continuous stream of real-time data 

associated with an ongoing downhole operation, the ongoing downhole operation 

comprising a wellbore formation operation; 

receiving, from a user, a selection of a downhole parameter; 

optimizing, with a computing system, the selected downhole parameter based on a 

portion of the received stream of data to approach a target value of the selected downhole 

parameter; and 

using the optimized downhole parameter in the ongoing downhole operation to 

adjust a rate of penetration of a downhole tool in the wellbore formation operation.  

8. The apparatus according to claim 7, wherein the operations further 

comprise prior to optimizing the selected downhole parameter, filtering the received 

stream of data associated with the ongoing downhole operation.  

9. The apparatus according to claim 8, or the method according to claim 2, 

wherein filtering the received stream of data comprises at least one of: 

filtering the received stream of data to a predetermined sampling rate; or 

removing noise associated with the received stream of data.  
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10. The apparatus or method according to any one of the preceding claims 7 

through 9, wherein optimizing the selected downhole parameter comprises one of: 

maximizing the selected downhole parameter based on the portion of the received 

stream of data to approach the target value of the selected downhole parameter; or 

minimizing the selected downhole parameter based on the portion of the received 

stream of data to approach the target value of the selected downhole parameter.  

11. The apparatus or method according to any one of the preceding claims 7 

through 10, wherein the ongoing downhole operation is a first downhole operation, the 

method further comprising using the optimized downhole parameter in a second downhole 

operation different than the first downhole operation.  

12. The apparatus or method according to claim 11, wherein the first 

downhole operation occurs in a first wellbore, and the second downhole operation occurs 

in a second wellbore different than the first wellbore.  

13. The apparatus or method according to claim 11, wherein the first and 

second downhole operations temporally overlap.  

14. The apparatus or method according to any one of the preceding claims 7 

through 13, wherein optimizing the selected downhole parameter comprises predicting the 

selected downhole parameter during the ongoing downhole operation.  

15. The apparatus or method according to any one of the preceding claims 7 

through 14, wherein using the optimized downhole parameter in the ongoing operation 

comprises adjusting an input to the downhole tool performing the ongoing downhole 

operation.  

16. The apparatus or method according to claim 15, further comprising: 

operating the downhole tool at the adjusted input; 

optimizing the selected downhole parameter based on another portion of the 

received stream of data to approach the target value of the selected downhole parameter; 

and 
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re-adjusting the input to the downhole tool performing the ongoing downhole 

operation.  

17. The apparatus or method according to any one of the preceding claims 7 

through 16, wherein the wellbore formation operation comprises at least one of: a drilling 

operation; a trip in operation; a trip out operation; a wiping operation; or a drilling and 

rotating off bottom operation.  

18. The apparatus or method according to any one of the preceding claims 7 

through 17, wherein the substantially continuous stream of data associated with an 

ongoing downhole operation comprises at least one of: weight on bit; downhole motor 

rotational speed; surface rotational speed; annular pressure; temperature; drilling fluid 

density; inclination; or azimuth.  

19. The apparatus according to any one of the preceding claims 7 through 18, 

wherein the operations further comprise calculating one or more variables associated with 

the ongoing downhole operation based at least in part on the substantially continuous 

stream of data associated with an ongoing downhole operation.  

20. The apparatus according to claim 19, wherein the one or more variables 

associated with the ongoing downhole operation comprise at least one of: 

hydromechanical specific energy, drilling fluid density, drilling fluid equivalent density, 

dogleg severity, or hole diameter.  
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