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Motivation
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National Commission Offshore Drilling

“It is no longer acceptable to rely on a system that requires the
right person to be looking at the right data at the right time and
then to understand its significance in spite of simultaneous
activities and other monitoring responsibilities.”

“There is no apparent reason why more sophisticated, automated
alarms and algorithms cannot be built into the display system to
alert the driller and mudlogger when anomalies arise. These
individuals sit for 12 hours at a time in front of these displays.”




Situation Awareness
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Situation Awareness on the Rig Floor
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All Senses Help the Rig Crew to Become Aware of the Situation




Situation Awareness in the IOR
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Manual Monitoring of Drilling Operations

Time DMEA HKL MIFT ROP1(1)
E Hole Depth 7 Hook Load 26 Total Pump Output 3 Rate OF Peretration
0 204 m 2144 0f |0 7,121 tonne 80,558 (] |0 0 L frmir 1000(] 0 0 mifk a
DBTM wWoB SPP RPM
& Bit Depth 13 Weight on Bit 8 Standpipe Pressure 11 Rotary RPM
I 2042.1m 2 14448 || [0 0 tonne 67,268 (] |0 0 bar 220,77 () |@ 0 rpm 150
BPOS TRQ
28 Block Height 12 Rotary Torgue
S0 63,6 m 718 0 a 32,131

0z2:30:00
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Building a Mental Model of the Drilling Situation

Mud motor
Stable flow ’? Drilling
High pressure = Varying torque
Shale Increased drag
High inclination Mud losses

Pore pressure
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DrillEdge: Percepting Situational Elements




Automated Recognition of Symptoms
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Time DMEA HKL MFI ROP1(1) Events ®

§ Hole Depth 7 Hook Load 26 Total Pump Output 3 Rate OF Penetration

0 131412 m 214410 24,131 tonne 80,558 || |0 893,357 L/min 1000 lo 1,2 mﬁ'\ 0
DBTM WOB SPP RPM
6 Bit Depth 13 Weight on Bit 8 Standpipe Pressure 11 Rotary RPM

10 131412 m 214448 || fo 4,899 tonne 67,268 || [0 87,632 bar 220,77 || lo 0 rpm 150
BPOS BPOS TRQ
28 Block Height 28 Block Height 12 Rotary Torque

30 538m 60 || [30 538m 60 1o 0,005 32,131

11107:00:00
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Visual Verification of Recognized Symptoms

Time DMEA HKL MFI ROP1(1) Events ®
5 Hole Depth 7 Hook Load 26 Total Pump Outpt 3 Rate OF Penetration
le 1314,12 m 2144l o 24,131 tonne 80,558 || [0 8 1000 {0 1,2m/h 0
DBTM WOB SPP RPM
6 Bit Depth 13 Weight on Bit 8 Standpipe Pressure 11 Rotary RPM
° 13142 m 21444810 4,899 tonne 67,268 87,632 bar 220,77 || |0 0rpm 150
BPOS BPOS TRQ
28 Block Height 28 Block Height 12 Rotary Torque
30 538 m 60 || [30 538m 60 o 0,005 32,131

712:45:00
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Situational Elements as Visualized in DrillEdge™

Measured Depth Events @‘

109,58 m

‘“" Casing

Mud Flow

Rotation animation b
5 U < Fvent
| on— < Bit depth

Lithology .5"—?25:5; <€ Formation

Hole depth
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DrillEdge: Supporting Situation Comprehension
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Combining Information to Enhance the Comprehension

Time view

ovenvien 0 [Time & | dDesth B | 1| Ovenview || Tme O | Measured Depth £ | Time vs Depth B [ case Bronser & [ settngs & | (
4
B ST =
50 & o Time DMEA HKL ROP1(1) [Events ®| <
Measured Depth Everns Cose: 0L DODOL 7 Hook Load 3 Rate Of Penelration c
131307 m Case sim, 01_D0001_02 Sluc.. i 4 il M) ’ L Smh L) [
5 e YA DBTM WOB SPP RPM
Case: 0L P0001 6 Bit Depth 13 Weight on 8t 8 Standpipe Pr 11 Rotary RPM
pe ey o 131307 m2 14448 )| 0 0 tonne 67.268 9 2077 fl]o orpm 5
0 /A BPOS BPOS TRQ
Case: 01_P000Z ... 28 Block Height 26 Block Height 12 Rotary Torque
Case sim, 01_p0002_02 Pack - ] 549 m |1 549m &0 o 0,005 32,31
Case: 01_P0010
. Case sim, 01_P0010_02_Stuc.
o HfA
epth view
08:00:00 /
09:00:00
Case sim, 07_D0002_02_Pore..
NjA |
08_P0001
© 10:00:00
A
Case: 08_P0101
Case sim, 08_P0101_02_Stall ...
]
¢ 17
& Bit Depth
1" "
| ERP n




DrillEdge: Projecting Future Status
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The Radar: The Right Information at the Right Time

Depth 1 | Case Browser [ [settings 01| == W

Time: 2009-09-10 12:41:10 | Activity:

Ul 2] o

Action:

Drill with controlled ROP to minimize overload
of cuttings in the wellbore.

Consequence:

Pack offs lead to mechanically stuck pipe two
days later and around 150 m deeper.

Recommended Action: M

In the case of necessary remedial action the
first step is to increase RPM and maximize flow
rate. Just prior to connections while drilling,
back ream each stand 1 to 2 times. Monitor
and record actual Time and Depth values vs.
theoretical values. Monitor ECD. When tripping
out of hole, circulate BU until shakers are
CLEAN. Pull 5-10 stands wet to check hole
condition. If any tight spots are encountered
assume the obstruction is cuttings bed and
circulate for 30 mins. POOH without rotation, if
tight spot disappears then CBU. If tight spot
remains, ream across area to remove
obstruction then CBU.

m

General Experience:

It has been repeatedly demonstrated that
staying on bottom drilling at an optimized
controlled ROP is better than drilling faster
and using remedial action to clean up the
wellbore. -

Smiarity Detais | [ Detais |
Case Match @

01_P0001_02 Early Pack Offs leading to Stuc...
Total Case Match: 59%

Case Match Time: 2009-09-10 12:41:10

Depth: 1 313,1 m

FFr Lidiige

/
I
I
I
I
|
|
\

84%  Pressure Spike (measured depth)
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Case-Based Reasoning

New Old
problem problem
Solution to Solution to
new problem old problem




Comparing Drilling Situations
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MFI RPM BPOS

Mud Flow In Fotations Per Minute Elack: Position

0 ljmin 10 000 || |0 RPM 300 || |0 m [:1]
SPP TRQ HKL

Stand Pipe Pressure Torgue Hockload
0 bar EE kMm 40| 0 tons 200

| A i
>

N

MFI RPM BPOS
Mud Flow In Ratations Per Minute EBlack: Paosition
0 Ifmin 10 000 || |0 EPM 00 || (0 m &0
SPP TRQ HKL
Stand Pipe Pressure Torque Hookload
] bar 350 ] tons 200

f

0 kkm 40

L

:

|
=
=

21




™

DRILL|EDGE

Situations
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Comparing Drilling
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Comparing Drilling Situations

MFI RPM BPOS Events ) MFI RPM BPOS Events ()]
Mud Flow In Rotations Per Mi... || | Block Pasition Mud Flaw In Rotations Per Mi... || | Black Pasition
ul Ifrmin 10 000 |} (0 RPM 300 || [0 m &0 0 Iferim 10 000 |] |0 RPM 300 (] [0 m 60
SPP TRQ HKL SPp TRQ HKL
Stand Fipe Pres... Torgue Hooklaad Stand Pipe Pres... Torque Hookload
0 bar E=| ] kMm 40| |0 tons 200 i bar El 1 ke ldm an |l o tans 200
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Capturing a Case
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MFI RPM BPOS Events
Mud Flow In Rotations Per Mi... || | Block Pasition

0 Ifrim 100000 [f |0 RPM 300 )| (@ m 0]

SFP TRQ HKL

Stand Pipe Pres... Torque Hooklaad
0 bar E=| ] kMm 40| |0 tons 200

|
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Case description
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Capturing a Case

Measured Depth ‘
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Capturing a Case

DRILL|EDGE"

Drilling Fluid
Mud Weight:
Type:

pV:

Yp:

1.6
OBM
36
25

2] VAN
Length:
Stabilizers:
Bit Type:

Well Geometry
Section start:
Target depth:

Bit Type:

4280 MD
6310 MD
PDC

Case des{ton

[ Fimma ey
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Capturing a Case

Drilling Fluid

Case description

BHA
Well Geometry

el
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Comparing Cases

Drilling Fluid 7890 Drilling Fluid

5290 BHA

BHA
Well Geometry 3196 Well Geometry

86%
>

ope cHeaa oweas o
! L ™

|| ;l} 74%
ﬁ ; —>
mLanN [ |

6420
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Comparing Cases

52095 BHA

BHA
Well Geometry 3196 Well Geometry
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Verdande Technology’s Unique

1

Real-time
data

Interpretation

2

Important
events

’ ...... HARD STRINGER
TOOK WEIGHT

6

Situational
description
Took weight and
hard stringer in
“Ming” formation.

Experience and
advice

Took weight while
drilling. Reamed the
stringers to avoid
problems when
running casing.

e

Learn

3

Situational
description
Took weight and
hard stringer in
“Ming" formation.

e

Case base

Drilling enginer

Search and
retrieve
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Real-Time CBR Cycle

g (2}
Situational
description

Tight spots and hard
stringer in “Han”
formation.

Experience and
advice

Tight spots caused
serious problems
when running
casing. Recommend
reaming streamers.

Alert and
advise

30




DrillEdge: Supporting Decisions




Providing Relevant Information
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Overview O | Time [ |MeasuredDepth 3 | VerticalDepth 01 | Time vs Depth 3 | Case Browser 0 [setings o |

Depth View

N

shialls i)

Measured Depth
131307 m

Events @

4
L

PP Cindnge

Time: 2009-09-10 12:41:10 | Activity:

-a

= o]

-
Action:

Drill with controlled ROP to minimize overload
of cuttings in the wellbore.

Consequence:

Pack offs lead to mechanically stuck pipe two
days later and around 150 m deeper.

Recommended Action:

In the case of necessary remedial action the
first step is to increase RPM and maximize flow
rate. Just prior to connections while drilling,
back ream each stand 1 to 2 times. Monitor
and record actual Time and Depth values vs.
theoretical values. Monitor ECD. When tripping
out of hole, circulate BU until shakers are
CLEAN. Pull 5-10 stands wet to check hole
condition. If any tight spots are encountered
assume the obstruction is cuttings bed and £
circulate for 30 mins. POOH without rotation, if
tight spot disappears then CBU. If tight spot
remains, ream across area to remove
obstruction then CBU.

General Experience:

It has been repeatedly demonstrated that
staying on bottom drilling at an optimized
controlled ROP is better than drilling faster
and using remedial action to clean up the

[ |

wellbore. |

Case Hatch Gi

01_PO001_02 Early Pack Offs leading to Stuc...

Total Case Match: 59%
Case Match Time: 2009-09-10 12:41:10
Depth: 1 3134 m

84%  Pressure Spike (measured depth)

Case
Jescription

Case
Similarity
-Xplanation

m




Providing Relevant Information
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Overview 1| Time B3 | Messured Depth 1 | vertcalDepth & | Tmevs Deptn & | casepromser = [settngs =
— —
BPOS 2\ S s S )t
28 Block Height - T
30 m & Time DMEA HKL ROP1(1) Events @||[ case: 01...
o 7 Hook Load 3 Rate Of Penetration Case sim, P
Case: 01_D00O1... o 42,366 tonne 80,558 u omfh 0 0.4 1

Case sim. 01_D0001_02 Stuc..
u H/A

Case: 01_P0001_...
02 Ear

Case sim, 01_P4
0
Case: 01_P0002_...
Case sim. 01_P0002_02 Pack .,
o 3
Case: 01_P0010_...
Case sim, 01_PO010_02_ Stuc..,
o [l
Case: 03_P0001_.
Case sim. 03_PO0DS_03_Well .
1[4

Case: 07_D0001...
07_D0001_02_Pore..
o 1i/A

Case sim, 08

d

Case
Case sim. 08_P0002_02_Twi

/A

[Case: 08_P0102_..
Case sim. 08_PO102_02_Twist.
o /4

Case: 08_P0103_...
Case sim. 08_P0103_02_Twist..
1i/4
8_P010

Case sim. 08_PO104_02_Twist.,

Case: 08_P0105_...
Case sim. 08_PD10S_02_Twi
o /A

WOB sPp RPM
13 Waight on Bit 11 Rotary RPM
L 0 tanne 67.268 u 150
|
BPOS BPOS TRQ
28 Block Height 28 Block Height 12 Rotary Torque
s 549 m 60 || o 549m 60 b 0,005 2131

08:00:00

109:00:00

. 10:00:00

va

Case

T

well identification and section:
Well 1 Stuck Pipe -

Operation description:

Sliding and crculating tight spot.

Stuck pipe while drilling/sliding wellbore (15
degrees).

Action:

Drill with controlled ROP to minimize overload
of cuttings in the wellbore.

Cor e

|
%

Pack offs lead to mechanically stuck pipe two
days later and around 150 m deeper.

Recommended Action:

In the case of necessary remedial action the
first step is to increase RPM and maximize flow
rate. Just prior to connections while drilling,
back ream each stand 1 to 2 times. Monitor
and record actual Time and Depth values vs.
theoretical values. Monitor ECD. When tripping

01_P0001_02 Early Pack |[§
lOffs leading to Stuck Pipe

Problem: 5

st af hala s A DL skl chalears sea
Case Match

01_PO001_02 Early Pack Offs leading to Stuc...
Total Case Match: 59%

Case Match Time: 2009-09-10 12:41:10

Depth: 1 313,1 m

o
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Thank you!



