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outputs a predicted flow rate from a wellbore . A method can 
include isolating the wellbore from atmosphere with an 
annular sealing device which seals against a drill string , 
inputting to a neural network an output of a sensor which 
detects vessel movement , the neural network outputting a 
predicted flow rate from the wellbore , and determining 
whether the fluid influx or loss has occurred by comparing 
the predicted flow rate to an actual flow rate from the 
wellbore . Another method can include inputting to a neural 
network actual flow rates into and out of the wellbore , and 
an output of a sensor which detects vessel movement , and 
training the neural network to output a predicted flow rate 
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DETECTION OF INFLUXES AND LOSSES 20 of a deep or ultra - deep body of water ) . The vessel 21 rises 
WHILE DRILLING FROM A FLOATING and falls in response to wave action and tides . 

VESSEL In the FIG . 1 example , a marine riser 22 extends between 
the rig 12 and a blowout preventer stack 24 positioned at a 

TECHNICAL FIELD subsea location ( e . g . , at a mud line or on a seabed 26 ) . The 
riser 22 serves as a conduit for guiding the drill string 16 

This disclosure relates generally to equipment utilized and between the rig 12 and the blowout preventer stack 24 , for 
operations performed in conjunction with a subterranean flowing fluids between the rig and the wellbore 14 , etc . 
well and , in one example described below , more particularly Interconnected between the riser 22 and the blowout 
provides for detection of influxes and losses while drilling 10 preventer stack 24 is an annular blowout preventer 28 . The 
from a floating vessel . annular blowout preventer 28 is designed to seal off an 

annulus 32 about the drill string 16 in certain situations ( e . g . , 
BACKGROUND to prevent inadvertent release of fluids from the well in an 

emergency , etc . ) , although a typical annular blowout pre 
In certain types of drilling operations from a floating 15 venter can seal off the top of the blowout preventer stack 24 

vessel , a riser string volume can change as the vessel rises even if the drill string is not present in the annular blowout 
and falls , due to wave motion or tides . This changing volume preventer . 
can make it difficult to determine whether fluid is entering or Near an upper end of the riser 22 is an annular sealing 
leaving an earth formation penetrated by a wellbore being device 30 , which is also designed to seal off the annulus 32 
drilled . 20 about the drill string 16 , but the annular sealing device is 

Therefore , it will be appreciated that improvements are designed to do so while the drill string is being used to drill 
continually needed in the art of detecting influxes ( kicks ) the wellbore 14 . If the drill string 16 rotates while drilling 
and losses while drilling from a floating vessel . the wellbore 14 , the annular sealing device 32 is designed to 

seal about the rotating drill string . 
BRIEF DESCRIPTION OF THE DRAWINGS 25 The annular sealing device 30 may be of the type known 

to those skilled in the art as a rotating blowout preventer , a 
FIG . 1 is a representative partially cross - sectional view of rotating head , a rotating diverter , a rotating control device 

a well system and associated method which can embody ( RCD ) , a drilling head , etc . The annular sealing device 32 
principles of this disclosure . may be passive or active , in that one or more seals thereof 

FIGS . 2A & B are representative cross - sectional views of 30 may be always , or selectively , extended into sealing engage 
a rotating control device and a sliding joint which may be ment with the drill string 16 . 
used in the system and method of FIG . 1 . The seal ( s ) of the annular sealing device 32 may or may 

FIGS . 3 - 5 are representative schematic views of a system not rotate with the drill string 16 . The seals preferably isolate 
and method for detecting influxes and losses , which system the annulus 32 in the riser 22 from communication with the 
and method can embody the principles of this disclosure . 35 earth ' s atmosphere . 

Drilling fluid 33 is contained in a reservoir 34 of the rig 
DETAILED DESCRIPTION 12 . A rig pump 36 is used to pump the drilling fluid 33 into 

the drill string 16 at the surface . The drilling fluid flows 
Representatively illustrated in FIG . 1 is a system 10 for through the drill string 16 and into the wellbore 14 ( e . g . , 

drilling a well , and an associated method , which system and 40 exiting the drill string at the drill bit 18 ) . 
method can embody principles of this disclosure . However , The drilling fluid 33 then flows through the annulus 32 
it should be clearly understood that the system 10 and back to the reservoir 34 via a choke manifold 38 , a gas buster 
method are merely one example of an application of the or “ poor boy ” degasser 40 , a solids separator 42 , etc . 
principles of this disclosure in practice , and a wide variety However , it should be understood that other types and 
of other examples are possible . Therefore , the scope of this 45 combinations of drilling fluid handling , conditioning and 
disclosure is not limited at all to the details of the system 10 processing equipment may be used within the scope of this 
and method described herein and / or depicted in the draw - disclosure . 
ings . A pressure control system ( not shown ) can be used to 

In the well system 10 depicted in FIG . 1 , a floating rig 12 control pressure in the wellbore 14 . The pressure control 
is used to drill a wellbore 14 . A generally tubular drill string 50 system can operate the choke manifold 38 , so that a desired 
16 has a drill bit 18 connected at a lower end thereof , and the amount of backpressure is applied to the annulus 32 . The 
drill bit is rotated and / or otherwise operated to drill the pressure control system may regulate operation of other 
wellbore 14 . equipment ( e . g . , the pump 36 , a standpipe control valve , a 

The drill string 16 could be rotated by the rig 12 , the drill diverter which diverts flow from the pump 36 to a drilling 
string could have a Moineau - type fluid motor ( not shown ) 55 fluid return line 84 upstream of the choke manifold 38 , etc . ) , 
for rotating the drill bit , and / or the wellbore 14 could be as well . 
drilled by impacts delivered to the drill bit , etc . The drill In different situations , it may be desired for pressure in the 
string 16 could be continuous or segmented , and the drill wellbore 14 to be less than , greater than or equal to pore 
string could have wires , optical waveguides , fluid conduits pressure in an earth formation 46 penetrated by the wellbore . 
or other types of communication paths associated with the 60 Typically , it is desired for the wellbore pressure to be less 
drill string for transmission of data signals , command than a fracture pressure of the formation 46 . 
control signals , power , flow , etc . Thus , it will be appreciated Persons skilled in the art use terms such as underbalanced 
that the drill string 16 depicted in FIG . 1 is merely one drilling , managed pressure drilling , at balance drilling , con 
example of a variety of different types of drill strings which ventional overbalanced drilling , etc . , to describe how well 
could be used in the well system 10 . 65 bore pressure is controlled during the drilling of a wellbore . 

The rig 12 is depicted in FIG . 1 as comprising a floating The pressure control system can be used to control wellbore 
vessel 21 positioned at a surface location ( e . g . , at a surface pressure in any type of drilling operation , and with any 
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A 

desired relationship between wellbore pressure and forma In Equation ( 1 ) , the area A is readily computed from a 
tion 46 pore and / or fracture pressure . geometry of the telescoping joint 44 . In general , there may 

The pressure control system can be used to control be two types of joint 44 as representatively illustrated in 
pressure over time at any location along the wellbore 14 , and FIGS . 2A & B . 
for any purpose . For example , it may be desired to precisely 5 Most telescoping joints 44 are similar to that shown in 
control pressure at a bottom end of the wellbore 14 , or at a FIG . 2A . The FIG . 2B telescoping joint 44 is included for 
particular location relative to the formation 46 , or at a generality . 
pressure sensitive area ( such as , at a casing shoe 48 ) , etc . For either of the illustrated telescoping joints 44 , the area 
Control over the wellbore pressure may be for purposes of A is given by : 
avoiding fractures of the formation 46 , avoiding loss of 10 
drilling fluid 33 , preventing undesired influx of formation 
fluid into the wellbore 14 , preventing damage to the forma A = OD ? 
tion , etc . 

During managed pressure drilling ( MPD ) operations , the 
pressure ( hydrostatic pressure plus fluid friction pressure ) in As shown in Equations 1 and 2 , given the geometry of the 
the wellbore 14 at the drill bit 18 and along an open hole telescoping joint 44 and the vertical velocity of the floating 
section is carefully controlled to remain slightly above vessel 21 , the change in volume per unit time , or change in 
formation 46 pressure . If the wellbore 14 pressure drops flow rate associated with vessel movement can be readily 
below formation 46 pressure this may result in a “ kick ” or found . 
undesired influx of formation fluids entering the wellbore . Fortunately , virtually all ( if not all ) floating drilling ves Alternatively , if the wellbore 14 pressure becomes signifi sels have some sort of heave or motion compensation system cantly greater than the formation 46 pressure , drilling fluid that helps keep the bit 18 on bottom while drilling . By 33 may leave the annulus 32 and be lost into the formation . electrically or mechanically tying into this motion compen Both kicks and losses are undesirable drilling events °25 sation system , the vessel ' s 21 movement can be readily which require proper corrective actions by a drilling opera 
tor before MPD can be safely resumed . It is easier to determined . 

counteract kicks and losses if they are discovered quickly . Knowing the vessel ' s 21 movement , the change in flow 
These problems tend to get worse over time , and a minor rate of the fluid 33 leaving the well due to motion can be 
event may turn into a major one if a kick or loss is not 20 determined . This information can be used to correct the flow 
detected quickly . 30 rate of the fluid 33 leaving the well , so that kicks and losses 

Losses and kicks are relatively easy to detect when can be accurately detected during , for example , MPD or 
performing MPD with conventional land rigs . One simply other closed wellbore pressure controlled drilling opera 
measures the amount of drilling fluid entering and leaving tions . 
the wellbore . In conventional drilling , these flows should as However , MPD equipment ( e . g . , the annular sealing 
normally be equal . When what goes in equals what goes out , device 30 , the choke manifold 38 , etc . ) is usually only on the 
no kicks or losses are present . Kicks are indicated when the vessel 21 for a limited period of time and it may be 
volume of fluid leaving the well exceeds what is pumped in , expensive , difficult or inconvenient to tie into the vessel ' s 
and conversely , losses are indicated when the volume of motion compensation system . Described below is a method 
fluid pumped into the wellbore exceeds what is returned . 40 which compensates for changes in flow rate due to vessel 21 
During MPD operations on a floating vessel 21 , the movement , and which can readily and inexpensively be 

detection of kicks and losses is complicated by the fact that incorporated into existing MPD equipment . This can elimi 
during the drilling operations , the returns from the wellbore nate a requirement of tying into any of the vessel ' s 21 14 are not constant , even if the drilling fluid 33 is pumped control systems , although the vessel ' s motion compensation in at a constant rate . The floating vessel 21 is connected to 45 system may be used , if desired . the marine riser 22 via a telescoping joint 44 ( also known as In an example depicted schematically in FIG . 3 , an 
a sliding joint or a slip joint ) , in order to accommodate accelerometer 50 is mounted at any location on the vessel 
vertical motion of the vessel 21 due to wave and tide 21 . However , it should be clearly understood that a system 
influence . 60 for compensating for vessel movement in closed wellbore As the telescoping joint 44 extends and contracts with pressure controlled drilling described herein is not neces 
wave and tide motion , a volume of the annulus 32 between sarily used with the well system 10 of FIG . 1 . The scope of an outer diameter of the drill string 16 and an inner diameter this disclosure is not limited to use with any particular well of the riser 22 changes . Therefore , fluid 33 flow from the system . 
annulus 32 changes with the motion of the vessel 21 while An orientation of the accelerometer 50 is preferably drilling , even if the pump rate into the drill string 16 remains ss 55 chosen , so that an output of the accelerometer is proportional 
constant . Since the volume of the fluid 33 leaving the well to the vertical acceleration of the vessel 21 . The accelerom is constantly changing , detecting kicks and losses by simply eter 50 could in some examples be mounted in or on the measuring the difference in flow rate between fluid leaving MPD equipment , thereby requiring no additional hookup or and entering the well becomes problematic . installation when rigging up equipment for MPD operations . Fortunately , the relationship between the instantaneous S 60 As depicted in FIG . 3 , the accelerometer 50 output change in volume of the annulus 32 and the vertical velocity ( Acceleration ) is input to an adaptive neural network filter of the floating vessel 21 is easily found by : 52 , along with measurements of flow rate into the well and 

flow rate from the well . The flow rates could be obtained , for AV ( t ) = Av ( t ) example , by use of flowmeters 54 , 56 in the FIG . 1 system . 
where AV ( t ) is the change in volume leaving the well , A 65 An adaptive neural network filter as used herein indicates 

is the differential area of the telescoping joint 44 , and v ( t ) is a neural network made up of interconnected neurons ( or 
the vertical velocity of the floating vessel 21 . processing units ) which change structure during a learning 
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or training stage . The neural network can be used to model pose a differentiator between the sensor and the input to the 
complex relationships between input and output data . neural network 52 . Any number of differentiators could be 

An objective function of the neural network 52 in the FIG . interposed between a sensor and the neural network 52 . 
3 example is to predict the flow rate from the well ( Model The systems 60 depicted in FIGS . 3 - 5 are made up of 
Flow ) given inputs from the accelerometer 50 , flow rate into 5 individual components . In actual practice , all integration , 
the well and flow rate from the well . After a relatively short subtraction , differentiation , noise filtering and the neural 
time period to dynamically train the neural network 52 , the network 52 itself can all be implemented in computer 
output of the network should very closely approximate the software . This computer software can be added to the 
time dependent flow out of the well . existing software used for MPD or other closed wellbore 
As further depicted in FIG . 3 , the modeled flow from the 10 pressure controlled drilling operations . The additional hard 

neural network 52 is subtracted from the measured flow ware , sensor and computational burden required to imple 
from the well . If no kicks or losses are present , this differ ment this system 60 should be very modest , and should have 
ence should be approximately zero , with some expected little to no impact on the performance of existing software 
small error in the measured flow from the well and the systems . 
output of the neural network 52 . 15 The additional sensor used to implement this system 60 

A kick is indicated when the difference ( measured flow should be relatively small and fit comfortably inside existing 
rate minus modeled flow rate ) is positive , and a loss is equipment enclosures . Since the additional sensor can be 
indicated when this difference is negative . Some experience positioned anywhere on the vessel 21 , it does not have to be 
and experimentation with the system 60 in simulated and intrinsically safe or mounted in an explosion proof enclo 
real world applications will be useful in order to determine 20 sure . It could simply be a small package that plugs into a 
how much flow rate difference is significant . computer , and be positioned out of the way in an existing 

Note that in Equation 1 , the difference in flow rate due to facility . 
vessel 21 movement depends on the velocity of the vessel , It may now be fully appreciated that the above disclosure 
and not its acceleration . The structure and complexity of the provides significant advancements to the art of detecting 
neural network 52 ( e . g . , a number of layers in the network , 25 influxes and losses while drilling from a floating vessel . The 
a number of neurons in each layer and activation functions proposed system 60 is small , simple , flexible and inexpen 
connecting the neurons ) should be able to automatically sive , allows reliable kick and loss detection during closed 
compute the integral from acceleration to velocity . wellbore pressure controlled drilling operations from a float 
Note also , in the FIG . 3 example , that inputs to the neural ing vessel , is self contained and preferably does not require 

network 52 do not include any geometrical details ( OD , ID , 30 connection to any of the vessel ' s motion compensation or 
etc . ) related to the telescoping joint 44 . These values may other systems . 
either be pre - programmed into the neural network 52 or the The additional sensor ( e . g . , the accelerometer 50 ) 
complexity of the neural network may be sufficient that it required for the proposed system 60 is inexpensive , small 
does not require this information in order to make accurate and can be permanently mounted in or on existing equip 
predictions of flow rate leaving the well . 35 ment so no additional time is required to install the system 

FIG . 4 illustrates a modified system 60 for detecting kicks on site . 
and losses during closed wellbore controlled pressure drill - system 60 for detecting fluid influxes into and losses 
ing operations on floating vessels , in which an integrator is from a wellbore 14 being drilled from a floating vessel 21 is 
added between the accelerometer 50 and the neural network described above . In one example , the system 60 can include 
52 . By integrating the acceleration signal , a signal propor - 40 a sensor 50 , 58 which detects movement of the vessel 21 , 
tional to the velocity of the vessel 21 is input to the neural and a neural network 52 which receives an output of the 
network 52 . sensor 50 , 58 , and which outputs a predicted flow rate from 

Since the integration required to convert a signal propor - the wellbore 14 . 
tional to acceleration to a signal proportional to velocity is The predicted flow rate is compared to an actual flow rate 
performed outside of the neural network 52 , the neural 45 from the wellbore 14 . A positive difference obtained by 
network shown in FIG . 4 may be simpler than that required subtraction of the predicted flow rate from an actual flow 
for the system 60 shown in FIG . 3 . With the exception that rate from the wellbore 14 indicates a fluid influx . A negative 
the effective integration is performed outside of the neural difference obtained by subtraction of the predicted flow rate 
network 52 , the systems 60 depicted in FIGS . 3 & 4 are from an actual flow rate from the wellbore 14 indicates a 
physically and functionally similar . 50 fluid loss . 

FIG . 5 depicts still another variation , where two integra - The system 60 can also include one or more integrators of 
tors are interposed between the output of the accelerometer differentiators interposed between the sensor 50 , 58 and the 
50 and the input of the neural network 52 . The result of neural network 52 . 
double integration is that the signal input to the neural The sensor 50 comprises an accelerometer . The sensor 58 
network 52 is proportional to the position of the vessel 21 . 55 comprises a position sensor . 
The neural network 52 for the two integrator system 60 will The system 60 can also include an annular sealing device 
likely be more complicated than that for the one integrator 30 which isolates the wellbore 14 from the earth ' s atmo 
system of FIG . 4 . sphere and seals against a drill string 16 while the neural 

Alternatively , the accelerometer 50 in FIGS . 3 - 5 may be network 52 outputs the predicted flow rate from the wellbore 
replaced by a geophone or other device that can output a 60 14 . 
signal proportional to velocity , or a device that outputs a A method of detecting a fluid influx into or fluid loss from 
signal proportional to position ( e . g . , a position sensor 58 of a wellbore 14 being drilled from a floating vessel 21 is also 
the telescoping joint 44 , see FIGS . 2A & B ) . Of course , if the described above . In one example , the method can include 
initial sensor output is changed from acceleration to velocity isolating the wellbore 14 from the earth ' s atmosphere with 
or position , the optimum number of integrators will change 65 an annular sealing device 30 which seals against a drill string 
accordingly . Also , if a position sensor 58 is used , it may be 16 ; inputting to a neural network 52 an output of a sensor 50 , 
most desirable to eliminate all integrators and instead inter - 58 which detects movement of the floating vessel 21 , the 
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neural network 52 outputting a predicted flow rate from the and example only , the spirit and scope of the invention being 
wellbore 14 ; and determining whether the fluid influx or limited solely by the appended claims and their equivalents . 
fluid loss has occurred by comparing the predicted flow rate What is claimed is : 
from the wellbore 14 to an actual flow rate from the wellbore 1 . A system for detecting fluid influxes into and losses 
14 . 5 from a wellbore being drilled from a floating vessel , the 

The inputting step can include inputting to the neural system comprising : 
network 52 the actual flow rate from the wellbore 14 . The a sensor which detects movement of the vessel ; and 
inputting can also include inputting to the neural network 52 a neural network which receives an output of the sensor , 
an actual flow rate into the wellbore 14 . and which outputs a predicted flow rate from the 

Also described above is a method of detecting a fluid 10 wellbore . 
influx into or fluid loss from a wellbore 14 being drilled from 2 . The system of claim 1 , further comprising a second 
a floating vessel 21 , with the method in one example sensor configured to measure an actual flow rate from the 
comprising : inputting to a neural network 52 an output of a wellbore , and wherein the predicted flow rate is compared to 
sensor 50 , 58 which detects movement of the floating vessel the actual flow rate from the wellbore . 
21 , an actual flow rate into the wellbore 14 , and an actual 15 3 . The system of claim 2 , wherein a positive difference 
flow rate out of the wellbore 14 ; and training the neural obtained by subtraction of the predicted flow rate from the 
network 52 to output a predicted flow rate from the wellbore actual flow rate from the wellbore indicates a fluid influx . 
14 . 4 . The system of claim 2 , wherein a negative difference 

Although various examples have been described above , obtained by subtraction of the predicted flow rate from the 
with each example having certain features , it should be 20 actual flow rate from the wellbore indicates a fluid loss . 
understood that it is not necessary for a particular feature of 5 . The system of claim 1 , further comprising an integrator 
one example to be used exclusively with that example . interposed between the sensor and the neural network . 
Instead , any of the features described above and / or depicted 6 . The system of claim 1 , further comprising multiple 
in the drawings can be combined with any of the examples , integrators interposed between the sensor and the neural 
in addition to or in substitution for any of the other features 25 network . 
of those examples . One example ' s features are not mutually 7 . The system of claim 1 , further comprising at least one 
exclusive to another example ' s features . Instead , the scope differentiator interposed between the sensor and the neural 
of this disclosure encompasses any combination of any of network . 
the features . 8 . The system of claim 1 , wherein the sensor comprises an 

Although each example described above includes a cer - 30 accelerometer . 
tain combination of features , it should be understood that it 9 . The system of claim 1 , wherein the sensor comprises a 
is not necessary for all features of an example to be used . position sensor . 
Instead , any of the features described above can be used , 10 . The system of claim 1 , further comprising an annular 
without any other particular feature or features also being sealing device which isolates the wellbore from the earth ' s 
used . 35 atmosphere and seals against a drill string while the neural 

It should be understood that the various embodiments network outputs the predicted flow rate from the wellbore . 
described herein may be utilized in various orientations , 11 . A method of detecting a fluid influx into or fluid loss 
such as inclined , inverted , horizontal , vertical , etc . , and in from a wellbore being drilled from a floating vessel , the 
various configurations , without departing from the prin - method comprising : 
ciples of this disclosure . The embodiments are described 40 isolating the wellbore from the earth ' s atmosphere with an 
merely as examples of useful applications of the principles annular sealing device which seals against a drill string ; 
of the disclosure , which is not limited to any specific details inputting to a neural network an output of a sensor which 
of these embodiments . detects movement of the floating vessel , the neural 

In the above description of the representative examples , network outputting a predicted flow rate from the 
directional terms ( such as " above , " " below , " " upper , ” 45 wellbore ; and 
" lower , " etc . ) are used for convenience in referring to the determining whether the fluid influx or fluid loss has 
accompanying drawings . However , it should be clearly occurred by comparing the predicted flow rate from the 
understood that the scope of this disclosure is not limited to wellbore to an actual flow rate from the wellbore . 
any particular directions described herein . 12 . The method of claim 11 , wherein the inputting further 

The terms “ including , ” “ includes , " " comprising , " " com - 50 comprises inputting to the neural network the actual flow 
prises , ” and similar terms are used in a non - limiting sense in rate from the wellbore . 
this specification . For example , if a system , method , appa - 13 . The method of claim 11 , wherein the inputting further 
ratus , device , etc . , is described as “ including ” a certain comprises inputting to the neural network an actual flow rate 
feature or element , the system , method , apparatus , device , into the wellbore . 
etc . , can include that feature or element , and can also include 55 14 . The method of claim 11 , wherein the comparing 
other features or elements . Similarly , the term “ comprises ” further comprises a positive difference obtained by subtrac 
is considered to mean “ comprises , but is not limited to . ” tion of the predicted flow rate from an actual flow rate from 
Of course , a person skilled in the art would , upon a careful the wellbore indicating a fluid influx . 

consideration of the above description of representative 15 . The method of claim 11 , wherein the comparing 
embodiments of the disclosure , readily appreciate that many 60 further comprises a negative difference obtained by subtrac 
modifications , additions , substitutions , deletions , and other tion of the predicted flow rate from an actual flow rate from 
changes may be made to the specific embodiments , and such the wellbore indicating a fluid loss . 
changes are contemplated by the principles of this disclo - 16 . The method of claim 11 , further comprising interpos 
sure . For example , structures disclosed as being separately ing an integrator between the sensor and the neural network . 
formed can , in other examples , be integrally formed and vice 65 17 . The method of claim 11 , further comprising interpos 
versa . Accordingly , the foregoing detailed description is to ing multiple integrators between the sensor and the neural 
be clearly understood as being given by way of illustration network . 
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18 . The method of claim 11 , further comprising interpos - tion of the predicted flow rate from an actual flow rate from 
ing at least one differentiator between the sensor and the the wellbore indicating a fluid influx . 
neural network . 24 . The method of claim 22 , wherein the comparing 

19 . The method of claim 11 , wherein the sensor comprises further comprises a negative difference obtained by subtrac 
an accelerometer . 5 tion of the predicted flow rate from an actual flow rate from 

20 . The method of claim 11 , wherein the sensor comprises ses the wellbore indicating a fluid loss . 
a position sensor . 25 . The method of claim 21 , further comprising interpos 

21 . A method of detecting a fluid influx into or fluid loss ing an integrator between ing an integrator between the sensor and the neural network . 
26 . The method of claim 21 , further comprising interpos from a wellbore being drilled from a floating vessel , the 10 ing multiple integrators between the sensor and the neural method comprising : 

inputting to a neural network an actual flow rate into the network . 
wellbore , an actual flow rate out of the wellbore , and an 27 . The method of claim 21 , further comprising interpos 
output of a sensor which detects movement of the ing at least one differentiator between the sensor and the 

neural network . floating vessel ; and 
training the neural network to output a predicted flow rate 15 1 flow rate 15 28 . The method of claim 21 , wherein the sensor comprises 

from the wellbore . an accelerometer . 
22 . The method of claim 21 , further comprising deter 29 . The method of claim 21 , wherein the sensor comprises 

mining whether the fluid influx or fluid loss has occurred by a position sensor . 
comparing the predicted flow rate from the wellbore to the 30 . The method of claim 21 , further comprising isolating 

20 the wellbore from the earth ' s atmosphere with an annular actual flow rate from the wellbore . 
23 . The method of claim 22 , wherein the comparing sealing device which seals against a drill string . 

further comprises a positive difference obtained by subtrac * * * * * 


