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Abstract:

Embodiments of the disclosure include a casing installation monitoring system that monitors surface
equipment (that is, equipment of a rig), provides information on casing installation operations (for
example, hook load, torque, RPM, and cumulative fatigue) at various times and depths, provides
initial casing installation guidelines, and provides alarms before and during the casing installation
operation.
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TUBULAR INSTALLATION MONITORING SYSTEM AND METHOD

BACKGROUND
Field of the Disclosure
0001} The present disclosure generally rolatos to the acoess and production of

hvdrocarbons (for example, od and gas) from hydrocarbon reservous. More specifically,
embodmments of the disclosure relate to the mnstallation of tubular components (for example,

casing} in wells drilled to access hyvdrocarbon reservoirs.

Deseription of the Related Art

{006062]  Hydrocarbon production typically relies on wells drilted 1o access hvdrocarbon
reservoirs, such as reservoirs located in subterranean formations. Durning completion of a well,
tubulars such as casing may be installed to suppeort the well and provide a conduit from a
hvdrocarbon reservoir to the surface to facilitate production of hydrocarbons via the well. The
casmg mnstallation process {also referred to as “running casing” or “runming pipe”) in both
horizontal and vertical wells presents varicus challenges related to the well trajectory,
excessive drag i the wellbore, excessive torque, dyvnamic downhole effects, fatigue, and

connection ruynability.

SUMMARY

{6663} Embodiments of the disclosure tnelude a casing mnstallation monitoring system that
monitors surface equipment (that is, cquipment of a ng). provides mformation on casing
installation operations (for example, hook load, torque, RPM, cumulative fatigue) at various
times and depths, provides mutial casing mstallation guidehnes, and provides alarms betore and
during the casing installation operation. Advantageously, the casing mstallation monitoring
systern may use various data sources, streamline the planaing process, and provide casing

mstallation data, thus roducing time for doasions rolating to the casing mstallation operation
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and increasing operational efficiency. The system may further determine and provide key

performance indicators that may agsist in reducing non-productive time (NPT).

6004] in some embodiments, a method for mstalling a casing i a well 15 provided. The
mcthod includes recciving date associated with a rig, the data mcluding clectronic drilling
recorder (EDR) data, such that the EDR data inchiding hook load, string depth, revohitions-~
per-munute (RPM), forque, and block height. The method also imcludes determining, nsimg the
EDR data, a rig state associated with the ng and deternuning, using the rig state and the EDR

data, a cumulative fatigue associated with the casing.

eIy In some embodiments, the method includes installing the casing inthe well. Insome
cmbodiments the method 1ncludes stopping mstallation of the casing in the well based on the
deternunation that the cumulative fatigue oxeceds a fatiguce threshold, In some cmboduments,
the data associated with the rig includes block weight. In some embodiments, the rig state is
sclected from the group consisting of running in hole (RIH), reanung . tripping out of hole
{TOOH), backreanung, rotating on and off Bottom (ROB), i slips, making a connection, a
static state, and an unknown state. In some embodiments, the method includes activating an
alarm based on the EDR data, the comulative fatigue, or a combination thercof, In some
embodiments, the method mcludes determining, using the EDR data, the rig state, or a
combination thereof, casing installation data. In some embodiments, the casing mstallation data
mohides a plot of hook load vs depth or a plot of sarface torgque vs depth. In some embodiments,
the method mcludes providing the casing installation data on an interactive wvisualization

platform oo a display.

{00066} Inanother erobodiment, a non-transifory computer-readable storage medium having
cxccutable code stored thercon for momitoring a casing mstallation 1s provided. The exocuatable
code mncludes a set of instructions that causes a processor to perform operations that include
recetving data associated with a ng, the data mchiding electronic dritling recorder (HDR) data,
such that the EDR data includes hook load, string depth, revolutions-per-munute {RPM}, torgue,
and block height. The operations also include deternuning, using the EDR data, a ng state
associated with the rig and determuning, using the rig state and the EDR data, a cumulative

fatigue associated with the casing.

iy in some cmbodiments, the data associatcd with the ng imcludes block weight. In

some embodiments, the rig state is selected from the group consisting of running n hole (R1IH),
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reaming in, tripping out of hole (TOGH), backreaming, rotating on and off Bottom (ROB), in
slips, making a connection, a static state, and an unknown state In some embodiments, the
method ncludes activating an alarm based ov the EDDR data, the cumulative fatigue, or a
combination thereof. In some embodiments, the operations include determinung, using the EDR
data, the rig state, or a combmation thereof, casing insiallation data. In some embodiments, the
casing mstallation data mcludes a plot of hook load vs depth or a plot of surface torque vs
depth. In some embodiments, the operations include providing the casing installation data on

an inlcractive visaalization platform on a display.

[B308]  In another embodiment, a svstem for monitonng a casing installation is provided,
The mcthod includes a proccssor and non-transtlory computer-readable storage mcemory
accessibie by the processor and having executable code stored thereon for monitoring a casing
installation. The executable code mcludes a set of instructions that causes the processor to
perform operations mcluding receiving data associated with a nig, the data including electronic
drilling recorder (EDR) data, such that the EDR data includes hook load, string depth,
revolutions-per-tunute  (RPM), torgue, and block height. The operations also mchude
determining, using the EDR data, a nig state associated with the rnig and determining, using the

ng state and the EDR data, a comulative fatigue associated with the casing.

{0649} In some embodiments, the data associated with the ng inchudes block weight, In
some embodiments, the rig state is selected from the group consisting of renning in hole (RIH},
rcaming m, tripping out of hole (TOUH), backrcaming, rotating on and off Bottom (ROR), in
glips, making a connection, a static state, and an unknown state. In some embodiments, the
mothod mchudes activating an alanm bascd on the EDR data, the comulative fatigus, or a
combination thereof. In some cmbodiments, the operations include determuning, using the EDR
data, the rig state, or a combination thereof, casing installation data. In somie ermbodiments, the
casing mstallation data includes a plot of hook ioad vs depth or a plot of surface torque vs
depth. In some embodiments. the system mncludes a display and the operations mclude

providing the casing installation data on an interactive visualization platform on a display.

BRIEF DESCRIPTION OF THE DRAWINGS

{0614} FIG. 1 is a schematic diagram of a surface equipment {(for example, a nig) at a
wellsite and a casing mstatlation monitoring sysiem in accordance with an embodiment of the

disclosure;
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{6611} FIG. 2 is a flowchant of a process for installing casing and monitoring a casing

]

nstallation process in accordance with an emmbodiment of the disclosure;

j9012] FIG. 3 18 a flowchart of the operation of a casing mstallation monitoring system in

accordance with an embodiment of the disclosure;

{0013} FIGS. 4-6 are screens of an interactive visualization platform of a casing installation

monorng systere m accordance with an embodiment of the disclosure; and

{314}  FIG. 7 is a block diagram of a casing mstallation monitoring system in accordance

with an embodiment of the disclosure.

BETAILED DESCRIPTION

{8158 The present disclomure will be described more fully with reference io the
accompanying drawings, which illustrate embodiments of the disclosure. This disclosure may,
however, be smbodiad in many different forms and should not be construed as linuted to the
ilustrated embodiments. Rather, these embodiments are provided so that this disclosure will

be thorough and complcte, and will fully convey the scope of the disclosure to those skilled in

[i4316] Embodiments of the disclosure inchide systems to monitor and improve the
mstallation of tubular components (for example, casing) m a well. Embodiments of the
disclosure also mchuide processes for nstalling tubular components in a well and monitoring
the installation of such tubular components. As described in the disclosure, a tubular
mstallation monitoring system and associated process may receive and process data from
surface equipment of a g at a wellsite and receive additional data from other sources. The
tubular instaliation monitoring system and associated process may 1) provide tubular
wstallation guidelines; 7 determine a state of the nig; 3} provide alarms based on deviations
from mstallation guidclines or other ovaluations; 4) determine the cumulative fatiguc across a
tubular (for example, casing string}; 5) determine operational limits for the tubular installation
operation; and O} detenmme key performance mdicators (KPIs) for the tubular installation

operation.

{6017} Embodinents of the disclosure also mnclode mstalling a tubular i a well using the
guidelines, indicators, or other information provided by the tubular installation monitoring

system. Embodiments of the disclosure may further melude providing data (for example,

A
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guidelines, tubular installation data, alarms, and key performance indicators) in an inferactive
visualization platform. In some embodiments, the data may be provided in real-time. As used
herein, the term “real-time” refers o a sampling rate of at least 10 seconds (0.1 He), such that
recerved and processed data has a minintum time interval of 10 seconds. As will be appreciated,
the sampling rate mav depend on the capabilities provided by an electronic dnlling recorder

(EDR). In some embodiments, the sampling ratc may be 0.1 Hz, 0.2 Hz, or 1 Hz.

[8818] Advantageously, embodiments of the disclosure may provide a real-tune assessment
of the operational hmuts of a tubular nstallation operation and mmprovement of the operation
via physics-based modeling, mdicators, and fatigue determinations. Moreover, embodiments
of the disclosure may mcrcase the speced of mstallation of tuobulars, the speed of tubular
connection make-up, reduce the time o perform various opcrations at the wellsite, and increase
operational efficiency . Further embodiments of the disclosure may reduce NPT, minimize or
eliminate damage to tubulars or tubular connections, and minimize or ehmimate loss of lateral

length and production.

{0019 Asdiscussed i the disclosare, the initial tubular installation gwdelines may include
the maximum depth at which casing can be installed without buckimg for the analyzed friction
factors, and if rotation 1s allowed based on the given wellbore conditions, string configuration,
well trgjectory, and may include other installation guidelines. The rig state mayv inchade
determiing if the casing string is moving down, moving up {with or without rotation}, if the
string 1s static {(with or without rotation), if the string is in slips, or if a councction is being
made up on the ng floor. The alarms may provide an alarm on an interactive visualization
patform based on, for oxample. the ovaluation of wbular installation data €0 a throshold. The
wteractive visualization platform may provide a usor with the ability to acknowledge the
indicator and take mutigating action. The cunwlative fatigue may be determined by using the
surface load and rotating parameters at a certain time and siving depth, the given wellbore
conditions, siring configuration, and well trajectory. These parameters are used to compute a
mumber of cycles at certain conditions, which are then compared to laboratory-estabhished full
scale testing data (5-N curves) applicable to certain connections at specific stress levels. The
key performance indicators (KPIs) for the tubular instaliation operation mav include average,
minmum, and maxunam mstaliation speed, and average connection make-up time. The key
performance indicators may be aggregated at various time mitervals and for various cntitics (for

example, per rig, casing string, well, casing mnstallation crew).
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{6620}  The tubular installation monitoring system may detect a tabular to determine when
tr display datapoints, whes to calcolate cumulative fatigue., and for determine of key
performance mdicators. I some embodiments, the number of dataponts may be downsampled
for certain determinations and displayed 1n an interactive visualization platform to show one

point per pipe and a set iime inferval

[606231] It should be appreciated that embodiments of the disclosure may be described with
respect to a specific type of tubular, such as casing. However, embodiments may be used with

other types of tubulars,

66221 FiG. 1 1s a schematic diagram of surface equipment (for example, a nig 100) at a
wellsite 102 and a casing wstallation monitoring svstem 104 in accordance with an
embodiment of the disclosure. The nig 100 may mclude vanous components known i the art
for drilling and comploting a well and providing for the wastallation of tubulars (for cxample,
casing} in a well, The rig 100 may melude or be coupled to an electromic drilling recorder 106
that recetves sensor data from components of the rig 100 and transmits such data to an external
device or system {(for example, the casing installation monitoring system 104), such as via a
network 10%. In some embodiments, the electronic drilling recorder 106 may provide the
following data: hook load, string depth, revolutions-per-minute (RPM}, torque, and block

height.

00231 Insome embodiments, the casing installation monitoring system 104 may obtain data
at a rate of ovory .5 seconds, overy 1 socond (that is, at a 1 Hz frequency), overy 5 scconds,
o1 every 10 seconds. In some embodiments, the casing installation monitorimg system 104 may

obtain data at rate greater than 1 sccond but loss than 60 scconds.

{0624]  The casmg nstallation momtonng system 104 may also receive data from additional
data sources | 1{}. These additional data sources 110 may imnclude manual data entry 112 and
offsite database{s) 114. For example, in some embodiments the manual data entry may include
block weight, operator information. hook load curves, suwrface torque curves, and string
sections, The offuite database(s) 114 mayv mnchide databases from casing manufacturers that
provide specific casing data, such as pipe body and connection performance parameters, or
offsite well hifecycle data management solutions. In some embodiments, hook load and surface

torque curves and other applicable outputs mav be gonerated by a physics-based model

fom
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accessible over a network (for example, a physic-based model accessible via a cloud-

comprting system).

j9025]  The casing mnstallation monitoring system 104 may include various modules and
may deternune and provide casing mstallation mformation according to the techniques
discussed in the disclosure. As shown n FIG. 1, the casing mstallation monttoring system 104
may include a nig stade determination module 116, a fatigue model 118, an alarms module 120,
a KPI module 122, and a new pipe detection module 124 The casing installation monuoring
systern 104 may melude an interaction visualization platform 126 that may be displayed oo a
display coupled to or a part of the casing installation monitoring system 104, The casing
mstallation monoring system may also melude onc or morc database{s) 125 that mayv store,
for example, received data from the EDR 106, determined casing installation data, and casing

installation guidelines.

[0026]  FIG. 2 depicts aprocess 200 for mstalling casing and moenitoring a casing nstallation
pracess m accordance with an embodiment of the disclosure. Tnitially, the casing mstallation
operation may begin at a wellsite (block 202}, Data may be received from an cloctronic drilling
recorder {EDR) at the wellsite (block 204). In some embodiments, data may be received from
the EDR before the casing instaliation operation begins, as well as during the casing mstallation
operation. Next data may be received from additional data sources {(block 206}, such as manual

data eniry, offsite databases, or a combinagion thereof

00271 In somc ombodimonts, mitial casing installation guwidclings may be dotcrmined
{block 208}, In some cmbodunents, a rig state may be determined (block 2103 from the received
data. Next, the cumulative fatiguc across a casing string may be deterpuned (block 2173,
Additionally, alarms related to the casing installation operation may be determined (block 214).
In some embodiments, kev performance indicators for the casing nstallation operation may be

determined {block 216},

{0028]  As described further in the disclosure, the casing installation data may be provided
on an interactive visualization platforn of a casing installation monitoring system {block 218).
The casing installation data may nclade, for example, some of the determinations performed
by the casing mstaliation monitoring system. In some embodiments, a casing string may be

installed or removed based on the one or more of the determuinations (block 220). In some
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embodiments, the casing installation operation may be adjusted or stopped based on the

determinations {block 222}

8029  FIG. 3 depicts a process 300 ilustrating operation of a casing imstaliation
management systen 1in accordance with an embodiment of the disclosure. Tmitially, electromic
data recorder {EDR) data 302 and entered manual data 304 may be obtamned. As shown m FIG.
3, the manual data 304 may include, include, 1n some embodiments, operator and rig data 308,
The operator and rig data 308 may mchude, for example, block weight. In addition to the manual
data entry 304, the process 300 may welude receiving offsite data 318, fo some erobodiments,
oftsite data 318 may be obtained from a third panty provider using an application progranuning
wtorface (AP provided by ihe third party providor. The offsite data 3 18 may includc product
data from a maoufacturer of casing . The offsite data 318 may provide, for example, hock load
and surface torque curves 310 (for example, hook load and surface torgue carves determined
from a phyvsice-based model} and casing string section data 312, Casmg mstallation guadelines
317 may be determined using the EDR data 302 and previous determinations from physics-

based models.

{30308}  As discussed further in the disclosure, a rig state may be determined (block 314)
bascd on the EDR data 302 and the manual data entry 304, such as the operator and rig data
308, The ng state determination 3 14 may produce EDR-rig state data 316 for use in additional
determinations shown i the process. As shown 1in FIG. 3, 1n some embodiments, interpolated
hook load and surface torguc curves 320 may be detormined and associated with alarms 322

defined and stored on the casing mstaliation monitorng system.

{6038}  As also shown in FIG. 3, a conncction of new pipe may he deterounced (block 324)
using the EDR-rig state data 316, A fatigue model 326 may receive a determination of new
pipe and recetve the EDR-ng state data 314 and determine camulative fatigue. In some
embodiments, the process 300 may mclude downsampling 32% to downsample the EDR-ng
state data 314 and reduce the number of datapoints to be plotied i graphs of casing instaliation
data or otherwise processed. Additionally, the process 300 may include triggering alamms 330

based on the EDR-rig state data or other data in the process 300,

[6032] The process 300 may also include determining key performance indicators (KPIs)
332. As also shown in FIG. 3, the casing installation data gencrated via the process 300 may

be provided (block 334), such as to a user via the interactive visualization platform. In some

8-
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embodiments, the provided data may include well design data (for example, well operator, rig,
and string scetions), casing installation guidelines, hook Inad (for example, real-time hook load,
trends, and buckling}, surface torque {(for example, real-tune and {uwus), well trajectory
{position, depth, and dogleg severity (DLS), alarm logs, risk level {(based on alarms risk level},

and key performance mdicators (state time, lost time, crew performance).
{6633} RIG STATE DETERMINATION

{0034}  The ng state determination 314 may determine the stale of a rig at a given point in
the received EDR data 302, In some embodiments, the determined ng states may mchide:
Running In Hele (RIH), Reaming In, Trppmg Out OF Hole (TOOH), Backreaming {(Ream
Out), Rotating On/OfF Bottom (ROB}), In Slips, Making Connection, Static and Unknown. The

states are defined as follows:

[0035] RIH: The string is moving down without rotation.
{0036} Reaming I 'The string 1s moving down with rotation,
{6837} TOOH: The string 1s moving up without rotation.

{0638]  Backreaming: The string is moving up with rotation {also referred to as “Reaming

Out™).
{0639}  Rotating On/Off Bottom: The string is rotating without any axial movement.

00340} In Shps: The string i attachod to the slips on the ng floor and the whole string weight
is supporicd by it The slips support the string while a pipe s cither removed or added to the
string. In some embodiments, the deternmunation of whether a string 1 in or out of the slips may
be based on a statistical analvsis of median and standard deviation vahies for a given sample

size.

6041} Making Connection: The string is in ships and a new pipe is being connected to the

string,

o042} Statio: There i1s neither axtal movemoent nor rotation 1o the string and the string is not

i slips.
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[6043] Usnkoown: The rig state could not be identified correctly. The process 300 may

minimize the time spent on this state,

j9044] The EDR data 302 used to determine the rig state may include the following
variables: Hook Load, String Depth, RPM, Torgue, and Block Height. Additionally, the Block
Weight may be received via manual data entry 304 and also used m the determunation. The

variables are further descenbed as follows:

[0045]  Hook Load: The total force pulling down on the drilling rig traveling bloek hook.
This iotal force mncludes the weight of the string in air and the block weight, reduced by any
torce that tends to reduce that weight. Some forces that might reduce the weight include friction

along the wellbore wall and buovancy.

[0046] Stung Depth: The current dopth reached by the string i the wellbore. The depth

may vary from 0 to total depth (TD).

{6647} RPM: rotation bomg applicd to the string i revolutions per nunutc.
{6048}  Torque: torque force being applied o the string.

166349} Biock Height (BH): current height of the travelling block.

{00654 Block Weaight: weght of nig’s travellmg block. The block weight may be nsed to
determine a threshold for detecting the “In slips” state. Ag discussed in the disclosure, in some
embodiments the Block Weight may be entered manually (for example, as manual data entry

3043,
[605%]  Insome embodiments, the rig state may be determined using a decision tree.
jOBS2] NEW PIPE DETERMINATION

{0653 The new pipe deternunation 324 mayv receive data and determine whether a new pipe
{for example, anew section of casing) was connected to the casing. The new pipe determination

324 may be used by the alarms module and the fatigue model.

[0054] In some embodiments, the sew pipe detection may determine that a new pipe is

connccted basced on the tune spent 1n slips and changes 1o string depth.

- 10~
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{0055} The connection determunation provided by the pipe determination 324 may also
mchide the start and end time of the connection {that s, the “slips to slips™) time and the start

and the end string dopth.
[6856]  ALARMS MODLULE

[0057F  The alarms triggering 330 may evaluate data at time intervals to determine whether
aryy alarm s triggered. To some embodiments, alarros may be grouped by alarm type depending
on the variable they are associated with. In some emboduments, the alarms may include the
following: Torque, Hook Load, Fatigue, Hydraulics, or a combinaiion thereof {(Comb), and

Data.

[8058] The alarms inggering 330 may use data from one or more sources o determine
alarmas. In some cobodumends, the alamms triggering 330 may use EDR-nig state data 316, third
party data 318, the fatigue model 326, the nig state output from the rig state module 314, orany
combination thereof By way of example, some alarms may be triggered when the string
approaches or surpasses certain buckling hmits during the casing instaliation process, or when
the torgue recorded at surface while the casing string is rotated surpasses the capabilities of the
casing connection. Other alamms may be triggered when a certam cumulative fatigue value
across the string is reached. In some embodiments, nntigation actions to remediate the problem
and increase the chances of successfully installing the casing string are provided together with

the alarm wamings.

{60391 In some embodiments, cach alarm may have an associated risk value. The risk value
may be used to determine a risk level for an alarm. In some embodiments, the risk level may

be shown in the mteractive visual platform using a color indicator.
8860  FATIGUE MODEL

[606%] The fatugue model 326 may detecmine the fatigue of casiog nsialled during a casing
mstallation operation. The fatigue model 326 may receive pre-loaded data and EDR-nig state
data 306. For example, initialization of the fatipue model 326 may be perforimed using

preloaded and terpolated data.

[00662] The fatigue model 326 may determine fatigue at an interval. In some embodiments,

the fatigue model 326 may determune fatigue at the first ocourrence of a time interval (for

-ii~
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example, every 5 minutes} or an action interval {for example, at mstallation of a new casing

jotnt),

[8063]  The fatigue model 326 may receive the following mputs: the casing string properties
of length, steel grade, and wall thickness), a real force eurve, the previous fatigue profile, and
the number of revolutions since the last call to the fatigue model 326, These parameters may
be used o compute & number of cycles at certain conditions, which are then compared to
laboratory-established full scale testing data (that 1s, relattonships of stress to number of eycles,
also referred to as “S-IN curves”™) applicable to cortamn connections at specific stress levels. The
fatigue model 326 outpuis the cumulative fatigue value over the entire casing string. The
fatiguc value may be displayed m a fatigac graph on the nteractive visualization platform. The

fatigue value may also be provided to the alarms triggering 330
{0064} DOWNSAMPLING MODULE

{9363}  The data downsampling 328 may downsample the EDR-rig state data 316 0 increase
processing cfficiency and <nable caster display of graphs (for example, hook foad, surface

torque, and trajectorv} graphs on the micractive visualization platform,

[8866] In some embodiments, the downsampling module 328 may downsample the EDR-

rig state data 316 to specific dopth and time mtervals for the relevant rig states.

00677  The dowansampling module 328 may only downsamiple data for the rig states relevant
to a particular graph or indicator. For example, for a hook load curve the relevant rig states are
RIH, TOOH. Ream In and Ream Qut. In another example, for a surface torgue curve the
relevant rig states are Ream In, Ream Out and ROB. In some embodiments, the resulfing

downsample 18 an average of the pomis grouped by nig state
10068  INSTALLATION GUIDELINES

{8869} The casing mstallation guidelings 317 {also referred as “initial nunning guidelings™)
may provide a surnmary of onentation and recommendations for a casing mstallation process.
in some embodiments, the tmtial wstallation sundelines may nclade the followmg: the operator

of the rig, the ng, the well, the string, and total length.

[80789]  In some embodiments, the casing installation guidelimes 317 may also inclade the

following: depth where helical buckling may begia if no rotation 1s apphed depending on the

17
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friction factor (FF). the string sections, the maxinmnum dogleg severity (BLS) for the siring

scctions, and whether they allow rotation; and general recommendations and considerations.

{8078}  The casing installation guidelings 317 may be obtained from the databases of the
casing installation monitoring system based on the recerved EDR data 302, manual data entry
304, offaite data 318, or anv combination thereof. For example, a paricular combination of
operator and siring may have mstallation gundelines associated 1 the database. Simmlarly,
variables describing a string section may be stored in the databases and used to retricve data

for the ioial mstallation guidelines.
{63721 KEY PERFORMANCE INDICATORS

{6873] The key performance mndicators determunation 332 may determine KPIs based on
any of the available data 1 the process 300 or combination thereof. In some cmboduments, the
KPIs may include the following: spent time on each rig state for cach rig: bit depth vs time for
a well; crew performance; average joints per hour, max joints in one houor; number of joints in

the past hour; and wdrvidual connection time for a specified number of connections.
0674)  INTERACTIVE VISUALIZATION PLATFORM

jO075]  As discussed in the disclosure, cmbodiments of the casing installation monitoring
system may mnclude an ioteractive visualization platform that may provide visualizations of
casing installation data and user interface elements for interacting with the casing mstaliation
monitoring system. FIGS. 4-7 depict example screens of an interactive visnalization platform
i accordance with an embodiment of the disclosure. The interactive visualization platform
mayv be updated at set timie intervals to enable real-time visuahization and decision makimg. In
some embodiments, the inferactive visualization platform may mclude three dashboards: 1)

casing mnstallation guidehines; 23 casing matallation data; and 3} key porformance indicators,

{8670 FIGS. 4 and 5 display soreens 400 and 300 respectively illusiraling casing
mnstallation data visualizations. Screen 400 mchides graphical elements 402, 404, 406, 403,

410, 412, 414, and 416, as described further below.

66777 Eloment 402 may include text that meludes the well, nig state, and curve type

associated with the visual clements 406, 408, and 410, Element 402 may also include user
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interface elements (for example, dropdown boxes) that enables selection of the well, rig state,

and curve type being displayed by the interactive visualization platform.

{8078}  Eloment 404 15 a hook load graph that is a plot of hook foad (in kip) vs depth {in feet
(1133, with the 0 # depth on top and maximum depth on bottom of the graph. As used herein,
the term “lup” equals 1000 pounds-force (Ibf) or 44882216 Newtons (N). In some
embodiments, the element 404 may mclude recorded hook load vs. depth points having
different colors according to the rig state at that point. In some ¢mbodiments, the element 404
oway include tronding curves that depict possible hook load trending lines according to

different. In some embodiments; the element 404 may include bucking limigs.

{60791 Element 406 1s a surface torque graph that is a plot of surface torgue (in kip} vs depth
{in fi), with the 0 # depth on top and maximum depth on bottom of the graph. In some
cmbodimonts, the clomont 406 may mclude recorded surface torgue vs dopth pomnts that may
bave different colors according to the type of rotating operation performed. In some
embodiments, the element 406 may mclode torque bmits indicated by hines representing the

torquie limits according to different FFs.

60807  The clement 408 15 a graph that plots cumulated faugue (in %) vs depth Gn i) and
plots BLS {degrees/100 fi} va. depth {(in ft), with the O £t depth on top and maximum depth on

bottom of the graph.

10681]  The olemont 410 is three-dimensional graph that plots the well trajoctory in threo
dimensions of NS (in ), EW (in ft) and depth (v i), with the O £t depth on top and maximum
depth on bottom of the graph. In some emboduments, a plotied hine i the element 410 may

have a color gradiont based on the DLS at each point of the well trajectory.

j8082]  As will be appreaiated, cach of the graphs in clemoents 406, 408, 410, and 412 may
be synchronized when a particular element is sclected (such as by moving a cursor over the

clement, clicking on the clomeoent, ctc ).

{0683] The clement 412 is a message log that shows a running log of messages (triggered
alarms) by the casing mstallation momtonng svstem. In some embodunents, a triggered alarm
excecding a spectfic nisk fevel mav be shown in a pop-up element {for example, pop-up

window} on the interactive visualization platform.

-14-
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[6084] Elements 414 and 416 may be status indicators that indicate the states of the casing
mstallation momitoring system. For example, clement 414 may provide an indication of the
number of active alerts, and clement 4 16 may mdicate whether the casing nstallation system

is currently receiving data from a drilling nig (for example, from an electronic drilling recorder).

{0088 FIG. 5 dlustrates a screen 500 having a display of wutial casing mstallation
guidelines i accordance with an ernbodument of the disclosure. Screen 360 mncludes graphical
clements 302, 504, 506, and 5908, as described further below. Element 502 may wnclude text
that identuifies the well associated with the visual elements 504, 506, and 308, Element 502 may
nclude a user mnterface element (for example, a dropdown box} that enables selection of the

well bemg displayved by the indcractive visualization platform.

[0686]  EHloments 504, 306, and 508 may provide casing instaliation guidelines as discussed
m the disclosure. For example, the clement 504 may indicate the depth at which helical bucking
will start tf no rotation is applied depending on the FF. The clement 306 may mdicate the casing
string sections, the maximum DLS for each section, and whether they allow rotation. The
element S08 may inclade text that provides recommendanons and considerations for the casing

installation operation.

{0687} FIG. 6 illustrates a screen 600 having a display of key performance indicators in
accordance with an embodiment of the disclosure. The screen 600 may include elements 602,

604, 606, 608, and 610, as descnbed further below.

[6088] The clement 600 may include text that identifics the well associated with the
displayed KPTs. Element 6062 may include a user mnterface element {for example, a dropdown
box} that cnables selection of the well associated with the displayed KPUs. As shown i FIG.
6, the element 604 may provide KPls related to Average Joinis per Hour, Max # of Conuections
m one hour, the # of Connections n the last 60 minutes, and the Average Connection Time,
The clement 606 may chow a nimning plot of the last comnection times for the last 100

Connections.

[6089]  As also shown in FIG. 6, the element 603 may display KPIs for the spent tme on
cach rig state, such as SLIPS, ROB, RIH, ctc. The element 610 may display a depth vs. time
plot for the selected well and may depict bit depth and hole depth.
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{60590} FIG. 7 depicts components of a casing installation monitoring system 700
accordance with an embodiment of the disclosure. In some embodiments, casing installation
monitoring system 700 may be v communication with other components for obtawung data
from a rig or providing data to another system. Such other components may include, for
example, an electronic drlling recorder as discussed heremn. As shown m FIG. 7, the casing
installation monitoring system 700 may mclude a processor 702, a memory 744, a display 706,
and a network mterface 708, It should be appreciated that the casing mstallation monitoring
systom 700 may include other compononts that arc onutted for clarity. In some cmbodiments,
casing instaliation monitoring system 700 may include or be a part of a computer cluster, cloud-
computing svstem, a data center, a server rack or other server enclosure, a server, a virtual

server, a desktop computer, a laptop computer, a tablet computer, or the like.

{6098} The processor 7062 {as used the disclosure, the term “processor” encompasses
microprocessors) mayv mclude one or more processors having the capability to recerve and
process data, such as data an clectronic drilling recorder (EDR). In some embodiments, the
processor 702 may include an application-specific ntegrated circut (AISC) In some
embodimoents, the processor 702 may include a reduced nstruction set (RISC) processor or a
complex nstruction sct (CISC) processor. Additionally, the processor 702 may nclude a
single-core processors and multicore processors and may include graphics processors. Multiple
processors may be emploved to provide for parallel or sequential execution of one or more of
the technmiques desenbed o the disclosure. The processor 702 may receive insiructions and data

from a memory {for cxample, memory 704).

{68921 The momory 704 {(which may include onc or more tangible non-transitory compustor
readable storage medmms} may include volatile memory, such as random access memory
{RAM}, and nou-volatile memory, such as ROM, flash meniory, a bard drive, any other suitable
optical, magnetic, or solid-state storage medium, or a combination thereof. The memory 704
may be accessible by the processor 702, The memory 704 may store executable computer code.
The exccutable computer code may include computer program instructions for implersenting
one or more fechnigues described n the disclosare. For example, the executable computer code
may include casing installation monitoring mstructions 712 that define the various modules
and processes to implement embodiments of the present disclosure. In some embodiments, the
casing wstallation monttorng mstructions 712 may implomont one or more clompents of

processes 200 and 300 descabed above and tHustrated in FIGS. 2 and 3. 1o some embodunents,

16~
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the casing instaliation monitoring instroctions 712 may receive, as nput, EDR data 714 and
additional data 716, asx described n the disclosure. The casing installation montoring
mstructions 712 may also provide an interactive visualization platforma 716 stored m the
memory 704 and, as shown in FIG. 7, displaved on the display 706. The outpuis from the casing
mstallation monitoring nstructions 712 (for example, as shown in the screens depicted in FIGS.

4-6) may be provided on the interactive visualization platform 716.

{8893} The display 706 mav include a cathode ray tube (CRT) display, hquud crystal display
(L.CD), an organie hght eoutting diode (OLED) display, or other suitable display. The display
706 may display a user interface {for example, a graphical user mterface} that mav display
wnformation reccived from the plant information proccssmg computcr 706, In accordance with
some embodiments, the display 706 may be a touch soreen and may include or be provided
with touch sensitive elements through which a user may interact with the user interface. The
display 706 may display the mteractive visualization platform 718 produced using the
mstructions 712 1 accordance with the techuniques described heremn. For example, the
interactive visualization platform 718 may display the cumulative fatigue of a casing string,

the hook load curve, and the surface torque curve, as descnibed m the disclosure.

06941 The network mterface 708 may provide for commumnication between the casimng
mstallation monitoring svstem 700 and other devices. The network inferface 708 may include
a wived network imterface card (NIC), awireless (e g, radio frequency) network mterface card,
ot combination thercof. The network mtcrface 708 may include circuitry for recciving and
gending signals to and from communications networks, such as an antenna gvstem, an RF
transceiver, an amplificr, a tuncr, an osallator, a digital signal procossor, and so forth. The
network mterface 708 may communicate with networks, such as the Internct, an miranet, a
wide area netwaork (WAN), a local arca network (LAN), a metropolitan area network (MAN)
or other networks. Communication over networks may use suitable standards, protocols, and
technologies, such as Ethernet Blustooth, Wireless Fidelity (Wi-F1) {e.g., IEEE 802.11
standards), and other standards, protocols, and technologies. In some embodiments, for
example, data from an electronic drilling recorder (FDR) may be received over a network via
the network interface 708. In some embodiments, for example, cutpute from the casing
mstallation monitoring system 700 may be provided to other devices over the network via the

network interface 708,

w17~
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[6095] Insome embodiments, the casing installation monitoring system 700 may be coupled
to an input deviee 720 (for example, one or more iput devices}. The oput devices 720 may
mclude, for example, a keyboard, a mouse, a microphone, or other inpwt devices, In some
embodiments, the mput device 720 may enable interaction with a user mterface displayed on
the display 706. For example, m some embodiments, the mput devices 720 may enable the
entry of inputs that control the acquisttion of data, the processing of casing installation data,

acknowledgement of alarms, and so on.

j0096]  Raoges moay be expressed i the disclosure as from about one particular value, to
about another particular value, or both. When such a range is expressed, i 1s to be undersiood
that ancther cmbodiment 15 from the one particalar valuc, to the other paricular vahie, or both,

along with all combinations within said range.

{8697}  Furthor modifications and alternative ombodiments of various aspocts of the
disclosure will be apparent to those skilled in the art m view of this description. Accordingly,
this description 1s to be construed as illustrative only and s for the pupose of tcaching those
skilled 1n the art the general manner of carrving out the embodiments descnbed m the
disclosure. Itis to be understood that the forms shown and described 1o the disclosure are to be
taken as cxamples of embodiments. Elements and materials may be substituted for those
iustrated and described in the disclosure, parts and processes may be reversed or omitied, and
certain features may be utilized mdependently, all as would be apparent to one skilled in the
art aftcr having the benefit of this deseription. Changes may be made 1o the clements deseribed
mn the disclosure without departing from the spinit and scope of the disclosure as deseribed in
the following claims. Headings asced i the disclosuse are for organizational purposes only and

are not moant to be used to limit the scope of the description.

18~
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CLAIMS

What is claimed is:

i. A method for installing a casing in a well, comprising:
receiving data associated with a tig, the data comprising electronic drilling recorder
{EDR) data, wherein the EDR data comprises hook load, string depth, revolutions-per-nnnute
{RPM), torgue, and block height;
ctermining, using the FDR data, a rig state associated with the nig; and
determuning, using the g state and the EDR data, a cumulative fatigue associated

with the casing.

2. The method of claim 1, comprising instaliing the casing the well.
3 The method of any of the preceding claims, comprising stopping or modifying

wstallation of the casing in the well based on the dotermination that the cumulative fatigue

exceeds a fatigue threshold.

4. The method of any of the preceding claims, whercin the data associated with the nig

comprises block weight.

5. The method of any of the preceding claims, wherein the rig state i1s selected from the
group consisting of running in hole (RIH), reaming in, trippmng out of hole (TOOH),
backreaming, rotating on and off Bottom (ROB3}, n ships, making a connection, a static state,

and an unknown state.

6. The method of any of the preceding claims, comprising activating an alarm based on

the EDR data, the conmudative fatigue, or a combination thercof.

7. The method of any of the preceding clanms, comprising determining, using the EDIR

data, the rig state, or a combination thereof, casing mstallation data.

3. The methed of claim 7, whercin the casing installation data compriscs a plot of hook

load vs depth or a plot of surface torgue vs depth.
9. The mcthod of claim 7, comprising providing the casing astallation data on an

mnteractive visuahization platform on a display.

-19.
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10. A non-transitory computer-readable storage medium having executable code siored
thereon for monitforing a casing nstallation, the executable code comprising a set of
mstructions that causes a processor to perforn operations comprising,

receiving data associated with a rig, the data comprising electronic dalling recorder
(EDR} data, wherein the EDR data comprises hook load, string depth, revolutions-per-minuie
(RPM)}, torqgue, and block height;

determining, using the EDR data, a nig state associated with the ng;

dotermiuning, using the rig state, a cumudative fatiguc associated with the casing.

1L The non-transitory computer-readable storage medium of claim 10, wherein the data

assoctated with the rig comprises block weight

12 The non~transitory computer-readable storage medium of claims 10 or 11, wherein the
rig stato 18 sclected from the group consisting of running n hole (RIH), rcaming in, tripping
out of hole (TOOH), backreaming, rotating on and off Bottom (ROB), mn slips, making a

commection, a static state, and an unknown state.

i3. The von-transitory computer-readable storage meduum of claims 10, 11, or 12, the
operations comprising activating an alarm based on the EDR data, the cumulative fatigue, or

a combination thereof

14. The non-transttory computer-readable storage medium of clamms 10, 11, 12, or 13, the
operations comprising determinimg, using the EDR data, the rig state, or a combination

thercof, casing installation data.

15, The non-transitory computer-readable storage medium of claim 14, wherein the
casing mstallation data comprises a plot of hook load vs depth or a plot of surface torque vs

depth.

16, The von-transitory computer-readable storage meduumn of claim 15, compusiog

providing the casing mstallation data on an interactive visaalization platform on a display.

7. A gystem for momitoring a casing mstallation, comprising:
a4 Processor;
non-transitory computer-readable storage memory accessible by the processor and

having executable code stored thereon for monittoring a casing installation, the executable

30-
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code comprising a set of instructions that causes the processor to perform operations
COTPriSing:

recetving data associated with a rig, the data comuprising clectronic drifling
recorder {EDR) data, whereimn the EDR data comprises hook load, string depth, revolutions-
per-mimite {RPM), torque, and block height;

determinimmg, using the EDR data, a rig state associated with the rig; and

determining, using the ng state, a cumulative fatigue associated with the

casing.

18 The system of claim 17, wherein the data associated with the nig compnises block

woight.

i9. The system of claims 17 or 13, wherein the nig state is selected from the group
consisting of running m hole (RIH}, reaming in, tripping out of hole (TOOH), backrcaming,
rotating on and off Bottom {ROB), in slips, making a connection, a static state, and an

unknown state.

20, The systern of claims 17, 18, or 19, the operations comprising activating ao alarm

based on the EDR data, the cumulative fatigue, or a combination thereof.

21 The system of claims 17, 18, 19, or 20, the operations comprising determining, using

the EDR data, the rig state, or a combination thersof, casing installation data.

22. The system of claim 21, wherein the casing installation data comprises a plot of hook

Ioad vs depth or a plot of surface torgue vs depth.

23. The system of claim 21, comprising a display, wherein the operations comprise

providing the casing installation data 1n an mteractive visualization platform on the display.
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