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Causes of Kick

A kick requires only one condition:
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Early Detection is Critical

ÅMinimize size of influx

ÅLower volume/flow rate 
for surface equipment
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Available Techniques to Detect Kick

Mud logging (monitor 
pit gain)

Measures increase in 
ǘƘŜ ΨŎƭƻǎŜ ƭƻƻǇΩ ƻŦ ƳǳŘ 

circulation system.

Depends on factors 
such as wellbore 

hydraulics and mud lag 
time to reach the 

surface.

Critical time for 
decision making is lost.

Pore pressure 
estimation from 

MWD/LWD 
measurements 

(resistivity, sonic and 
density logs). 

Helps to define safe 
mud weight window in 

real time and for 
maintaining wellbore 

stability as drilling 
progresses.

Acoustic methods for 
gas kick detection

Pressure waves travel 
faster in gas-cut mud

Monitor T-T

State-of-the-art kick 
simulators
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MWD and LWD

ÅTraditionally, MWD and LWDhave been leveragedto
enablewhile-drilling validation of pre-drill designand
alsoallow midcoursecorrectionsin well design.

ÅMore recently, emergingPressure-While-Drilling and
Logging-While-Drilling, Seismic-While-Drilling allows
proactive decisions on mud weight programs to
improve safetyandefficiency.

ÅInstantaneous process allows key decisions to
me made while drilling.

Patent Application: S-135475



MWD and LWD

MWD
Å Acquireswellbore deviation directional

surveys (geometry, toolface
orientation duringdrilling process)

Å Collects drilling mechanics data
(downhole torque, pressure,vibration
etc)

LWD
Å Acquirespetrophysicaldata (resistivity,

porosity,natural gammaray etc).
Å Tool locatedin drill collarsimmediately

abovedrill bit
Å Information recorded in downhole

computer memory and is transmitted
only after tool is retrieved at the
surface.
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Integrating MWD and LWD for 
Real Time Kick Detection

ÅOriginal applications in direction and inclination
of well to optimizewell placement

Drilling mechanics

ωTorque

ωWOB

ωVibration

ωDH temperature

ωetc.

Formation 
properties

ωdensity

ωporosity

ωpressure

ωResistivity

ωSonic

ωGamma radiation

Borehole 
Properties

ωTemperature

ωPressure
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Optimizing MWD and LWD for 
Kick Detection

Conventional Approach Approach
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What MWD/LWD 
Techniques Can Detect HC

ÅNear borehole
information is usually
filtered out as noise in
a bid to determine
formation properties.

ÅBy identifying
MWD/LWD
measurements that
changewith fluid type
and composition, we
can develop a method
to evaluate check
wellbore influx.

Resistivity
Density
Sonic
Gamma Ray
etc
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Data Transmission Methods

ÅMud Pulse Telemetry

bandwidthsunder10bps

data rate drops with increaseddepth to as low
as1.5-3bpsat 35,000-40,000ft

data compression is used to increase
effectivedata rate

ÅElectromagnetic Telemetry

data ratesup to 10bps

degree of signal attenuation increaseswith
depth affectingtransmission

ÅWired Drill Pipe

better data transmission rate than mud
pulseor EMT

upwardsof 1Mbps
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Challenge for Data Delivery

Need to not only measurebut transmit critical
information from downhole to surface
continuouslyandin real time.

Downholedata may be availablebut data rates
are sparseand wellbore measurementscompete
with transmissionof other subsurfacedata.

Telemetry rates with continuous wave pulsing
can reach up to 24 bps, but more commonly6
bps.

Patent Application: S-135475



Selective Data Transmission

ÅTypically, measurements like GR or density may
require about 8 bits and annularpressureabout 16
bits.

ÅWith only 6 bpstransmissionrate, there is a needto
selectivelytransmitcriticaldatain real time.

ÅThatis, data necessaryfor monitoringand improving
drillingprocess.

ÅTool internal memory records almost all downhole
data at high data rates and so non-critical data can
be evaluatedwhentool is retrieved.
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Downhole Data

Critical: Transmit in 
Real Time

Kick Monitoring 
Data

Drilling 
Mechanics 
Monitoring

Non-Critical: Store 
in Tool Memory

Non-essentials 
for monitoring

Selective Data Transmission
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Many potential methods can be tested, 
including:

ÅWeighted/Moving Averages

ÅDefined Limiting Thresholds

ÅShort Term Average / Long Term Average

ÅWavelet Transform

ÅTemplate Matching

ÅNeural Network

Evaluation Methods
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Wellbore Kick Detection:
Methodology

Recognition

ÅDetecting changes in
dynamicpropertiesof signal.

ÅSegmentation of signals
through Discrete Wavelet
Transforms (DWT) ς
Generalizedform of Fourier
Transform.

ÅEstablish links between
segmented signals and
physicalproperties.

ÅNeuralnetworkΧ.

Real Time Monitoring

ÅUse of statistical 
parameters to model 
changing behavior using 
moving average methods.

ÅUpdating gains with 
adaptive algorithms to 
track quick variation of the 
parameters.

ÅModel based monitoring

ÅMud composition
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Methodology
ÅPicking/identifying 

drilling mud arrival from 
MWD/LWD signals

ÅEliminate the effect of 
drilling noise from signal

ÅAnalyze waveforms to 
identify trends for influx 
at different conditions

ÅIntegrating results in real-
time measurement
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Signal Recognition Using DWT
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UnspecifiedData Filtering, 
Extract Annular Data from 

Total Measurement

Start
Drilling

Total Geophysical 
Measurement

Annular Data

Make Wellbore Geophysical 
Measurement

Compress Data and 
Transmit to Surface via 

Telemetry
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NO

Concatenate New 
Annular Data onto 
Moving Average 

References

Are Annular Data within 
Moving Average 

Boundaries?

YESPASS:  Permit 
Annular Data to be 

Bundled

FAIL:  Send Warning Signal, 
Take Appropriate Action to 
Contain Kick (e.g. Increase 

Drilling Fluid Circulation Rate, 
Increase Drilling Fluid Density, 

Close Well)

Continue Drilling

Compare
Annular Data to Moving 

Average References

Moving Average 
References

Develop New Moving Average 
Curves Including Most Recent 

Data Point
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Flow Chart

Patent Application: S-135475



Data

Courtesy: Turkish Petroleum Corporation, TPAO
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The methods will be evaluated base upon 
criteria such as:

ÅWhen using real data

ÅNumber of events detected

ÅNumber of events not detected 

ÅSeverity of events reported vs. actual

ÅEffect of introduced noise

Sensitivity Analysis
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ÅCan utilize measurements from LWD, MWD and 
SWD tools

ÅImproved kick diagnostic

ÅRapid integration of data ahead of kick for faster 
decision making

ÅMinimal false alarm through combination of 
different measurements and methods

ÅDistinguish kick from formation-related spike

ÅKick-fluid identification

Advantages 
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Conclusion

Å Importanceof real-time kickdetection

ÅNeed to fully optimize signals from
MWD/LWD

ÅEstablishinglinks between signal character
versusboreholeand formation properties,as
well asdrillingparameters.
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