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ABSTRACT

The increasing complexity and higher drilling cost of horizontal
wells demand xdensive research on software development for
the analysis of drilling data in retime. In extended reach
drilling, the downhole weight on bit (WOB) differs from the
surfaceseenWOB (obtained from on an off bottom hookload
difference readingdue to thefriction caused by drill string
movement and rotation in the wellborEhe torque and drag
analysis module ofa userfriendly reattime software,
Intelligent Drilling Advisory system (IDAs)can estimate
friction coefficient andthe effective downhole WOBwhile
drilling. IDAs uses a &limensional wellbore friction modé&br

the analysisBased on this model the forces applied on a drill
string element are buoyed weight, axial tension, friction force
and normal force perpendicular to the contact surfacéhef t
wellbore. The industrystandardprotocol, WITSML (Wellsite
Information Transfer Standard Markup Language) is used to
conduct transfer of drilling data between IDAs dheonsite or
remoteWITSML drilling data servet.

IDAs retrieves reatime drilling data such as surface hookload,
pump pressure, rotary RPM and surface WOB fithien data

*previouslywith the University of Calgary

servers. The survey data measurement for azimuth and
inclination versus depttalong with the retrieved drilling data,
are used to do the analysis in different drillingdas,such as
lowering or tripping in and drillingFor extensive analysiie
software can investigate the sensitivity of friction coefficient
and downhole WOB on useefined drill string element
lengths.The torque and drag analysimodule, as well ashe
reattime software IDAs has beensuccessfully tested and
verified with field datafrom horizontalwells drilled in Western
Canadaln the lowering modeof drilling processthe software
estimats theoverall friction coefficient when the drill bis off
bottom The downhole WOB estimated by theftwareis less

than the surface measurement that the drillers used during
drilling. The study revealed verification of the software by
comparing the estimated downhole WOB with the downhole
WOB recordedisinga downhole measuring tool.

INTRODUCTION

The drilling engineers and researchers have been coordinating
extensive researctvorks over the yeargo develop efficient
reattime engineering software fohe oil and gas industryThe



engineering analysis tooty software have been developed by The weight on bit (WOB) ithe amount of downward weight or
many oil and gas companies and some software providers toforce exerted on thdrill bit andobtained froman off bottom

fulfill the growing demand ofa more digital oilfield. The hookload difference readingln this article the surface
Intelligent Drilling Advisory system (IDAs) is a redime measurement of WOB the input drilling data retrieved from
drilling engineering too[1) to provide meaimgful analysis of the WITSML sener to the systen{IDAs) for analysisand

both static and redlme drilling data using different expressed aéSWOBQ In directional drilling SWOB usually
engineering modules included into the system. IDAs uses adiffers from the actual downhole measuremendf WOB
secure oil and gas industry standard, WITSML (Well Site (DWOB) due tofriction caused by drill string movement and
Information Transfer Standard Markup Languag@) to rotation in the wellbord DAs usesareattime wellbore friction
retrieve driling data from the remote or esite data server. models in the torque and drag module estimate thériction
IDAs supports WITSML standard version 1.3.1 which is coefficient and DWOB during drilling of horizontal wells.
currently the most stable and widely implemented version used The wellbore friction model and its application into IDAs for
in oil and gas industry. data analysisire briefly discussed in the followmsectios. In
Thelink between rig site and the Intelligent Drilling Advisory  addition, he sensitivityanalysisof the friction coefficient and
system (IDAs) isshown in Fig. 1(3). The drilling data is downhole WOB onthe userdefined constant drill string
transferred from the rig site to a WITSML server by a wellsite elementengthis discussedherein

service company as shown in Fig.The application software

needs proper server authentication to retrieve drilling data from

a WITSML server using web service protocafter successful WELLBORE FRICTION MODEL

server authentication, IDAs retrieves drilling operational data
from WITSML server to the office location for visualization,
collaboration and analysis difie drilling operational data. The

retrieveddrilling data, analytical results and warning/alarm are element are buoyed weight, axial tension, friction force and

displayed inthe office or drilling center for better decision .
. - . . normal force perpendicular to the contact surface of the
making by the drilling engineers. The results, warning or alarm A
wellboreas shown in Fig. .2

and/or decisions made by engineers can be sent back to rig site
and displayed on a reatime monitor for the rig
operatorgrillers to optimize the drilling operationsFive
engineering modules are currently included into tiénsareto
provide meaningful drilling data analysiBhe torque and drag Fiop
analysis module for horizontal ells, is one of the most
important modules to analyze the drilling data in real tand

helps for better decisioimaking to optimizethe drilling

process and increase overall drilling efficiency.

The wellbore friction models4( 5, 6) were developed by
considering an element of the drill string in the wellbore filled
with drilling fluid. The forces consideredn the drill string
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FIGURE 1 POTENTIAL SCENARIO BETWEEN RIG SITE AND
IDAS
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Where, b is buoyancy factony is the unit weight of drill string
element andZL is the length othe elementWhen the inside

and outside of the drill pipe are submerged in the same fluids,

the estimated buoyancy factor is (7),

7 fluid
P

b=1-

@
pipe

Here, rquig and rpipe are the density of drilling fluid and drill
pipe, respectivelyEq. (2)is valid both for vertical and deviated
wells.

The following equations represent the rgale wellbore
friction model for straight and curved sectionsaadrill string
elementwhen the bit isisedoff-bottom to estimatéhe friction
coefficient and ofbottom to estimate effectivahe downhole
WOB.

When the Bit is Off-bottom
For straight inclined sectiothe force balancét, 5 on a drill
string element when the bit iéf-bottom:

Fiop = bWDL (cosa - sina) + Fo ©)

Foracurved section in tensighe force balancét, 5 on a
drill string element
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The dogleg angle, ig the absolute change of direction which
depends on both the wellbore inclinatianand azimuth, (3):

cosqg = Sin‘:‘ItopSinabot COé/ top~ / bot) + Cosatop COSapt
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Foracurved section in compression, the force balaBter a
drill string element:
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The net normal force acting dine element(6):
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When the Bit is On-bottom
Forastraight inclined sectiorthe force balancen a drill string
element when the bit @n-bottomand drilling mode

Fiop = bWDL (cosa - msina) + (Fbot - DWOB) 8

Foracurved section in tensiothe force balance on a drill
string elenent
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Foracurved section in compression, the force balance on a
drill string element:

atop abotw
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REAL TIME DATA ANALYSIS USING IDAS

Drilling Data from Horizontal Well

Thetorque and dragtand-alone engineering toan IDAs with
wellbore friction modelshas been used tetrieve drilling data

of a horizontalwell drilled in Western Canadasinga remote
WITSML server.The well geometry ofhe well based on the
horizontal departure and measdrdepth vs. true vertical depth
(TVD) is shown inFig. 3. In this report|DAs has analyzethe
horizontal sectiorfrom 2800n to 3500m toestimate friction
coefficient, as well as the DWOB from the hod&ad
measurement-or the analysis IDAs retrievesrie-basedhigh
frequency (1 second)rilling dataof the Western Canada well.
The surface hook load, pump pressure, rotary RPM, surface
WOB (SWOB), time, measured bit depth and hole depth are the
input drilling data retrieved from the WITSML sernas showm

in Fig. 4.Inthisfigure t he O6DEPTHO® <chart
with almostthe same measurementsr hole and bit depths



whenandrotary speeslarearound 60 rpmwhich can be seen Well Geometry
t he 6 RP Mihe corfesponting field measurements of
surface hoolload, pump pressure and SWOB are visualized in
OHK LOADG6, OSPPO® and OTWHdBMo c har
sections represerthe on-bottom roteting drilling operations

The information onthe drill string specification (length and 500 -
diameters)and bottom ha@ assembly (BHAYequired for this
analysis are dowrloaded from the corresponding Electronic
Tour Sheet (ETS)nthe data serveo IDAs, and this interface

—— Horizontal Departure
—— Measured Depth

. AT : 1000 -
is shown in Fig. 5. The survey data measurement for azimuth -
and inclination versus depthensityof drilling fluid and pipe =
arealsodowrloaded from the data server. <

1500 -
Estimation of Friction Coefficient and DWOB

2000 |

The time based estimation of friction coefficient and downhole
WOB using IDAs for the first drilling section of Fig. 4 is
shown in Fig. 6For thissection the bit touched the bottom of
the holeto ready for drillingat 22571m IDAs estimats the 2500
off bottom friction coefficient at bit depth o225.7n which is

just the above depth before drilling is initiated. The estimated
off bottom fridion coefficient 0.13js used for the o#bottom
analysis during drilling from &5.7In to 3231.49m as shown
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FIGURE 4 HIGH FREQUENCYTIME BASED DRILLING DATA FROM WITSML SERVER



B Drillstring Specification for Tripping / Drilling = Dlll

File  Download Clear  Exit
I~ ---- Drillstring Specification ----

No. | Depthin[m] | TotalDepth[m] | BHALn[m] | HWDPILn[m] | DPILnfm] | HWDP2Ln[m] | TotslDP2[m] | | | [
1 [ 55 4578 922
2 55 207 145.71 £1.29
3 207 1396 150.44 366.02 879,54
4 1396 1861 95.66 366.02 139932 =
5 1861 2167 091 32851 1747.58
3 2167 3865 50.89 168.97 1717.32 197.05 1758.65

&
< | N

I~ --- Outer and Inner Diameter of Drillstring ----

No. | Depthin[m] [ TotalDepth[m] BHADD [m] [ BHAID [m] [ HWDP10D m] [ HWDP1ID [m] | DP10D [m] | DP1ID[m] [ HWDP20D [m] [ HWDP2ID [m] [ C4
0 55 ] 0.069 0171 0.07

1 0168
2 55 207 0172 0.064 0171 0.07
3 207 1396 0172 0.053 0128 0.065 0102 0.082
4 1396 1861 0122 0.061 0128 0.065 0102 0.082 =
5 1861 2167 0116 0.064 0102 0.065 0102 0.082
B 2167 3865 0127 0.0645 0102 0.065 0102 0.082 0102 0.065
-
< | g

FIGURE 5 DRILL STRING SPECIFICATION REQUIRED FOR THE ANALYSIS

BB DEFAULT Analysis for Friction Coefficient and DWOB = E 5[
File  Options
[REsuLTS | forINPUT Dats | for RESULTS |
TIME [D-T] DEPTH [m] SPP [kPa] HK LOAD [kdaN] WOB [kdaN] FR. COEFF. [-] =
04-10-12T06:41:00 — BT oEPTH —— SPPKID™] —— AL_NET —— FRIC
HOLE DEPTH HL_MODEL
04-10-12T06:45:00
04-10-12T06:49:00 f
§
04-10-12T706:53:00
& 3225 3230 285290 295 300, 20 22 24 26 28 0 5 10 15 0204 06 08
] ’
f i " M
‘ TIME [D-T] DEPTH [m] WH SWOB [kdaN] ‘ ‘ DWOB [kdaN] || CPWOB[KkdaN]
[ 2012-1004706:52:17 3231.49 0.13 | 13.78 Il 9.45 9.93

FIGURE 6 TIME BASED ANALYSIS TO ESTIMATE FRICTION COEFFICIENT AND DOWNHOLE WOB

There are significant increase in the standpipe pressura and recorded by a downhole measgitool. The analysis at this

decrease ithe hook load as shown in Fig and Fig 6 when horizontal section indicates that the effecti®VOB is

the bit ison-bottom and starts drillingn the 6 WO Rifart of significantly lessthanthe surface V@B applied in the field
Fig. 6, ODWOBO6 is the esti mat (®WOBdioabouhasY% of SWOMB. Thescorregpondiiy Alspth
6 SWOBO ifidd sarface WOB retrieved from the based analysis for down hole WOB and the results frameso

WI TS ML server and dovrhdHeWV OB i stherdrhles sections are shown in Fig. 7.



WOB vs DEPTH WOB vs DEPTH
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FIGURE 7 DEPTH BASED ANALYSIS TO ESTIMATE DOWNHOLE WOB



