{ Troubleshooting
Operational Aspects of
Well Drilling and
Completion Using the PI
System
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Einstein discovers that time is actually money.
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Business Challenge

High Cost - $80,000/d to $1,000,000/d

Reduce Drilling/Completion Days
— Drilling — 20 to 25 days
— Completion — 50 to 70 days

Current focus — Depth Based Analysis
Compare Shifts, Crews, Drilling Outfits
Noise in the Data
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Background and

« Stick-Slip

« Rotating Drilling
 Sliding

* Tripping In/Out
* On/Off Bottom
* Other Types of Events ...
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Completion - Fracking

* Process
— Blast
— High Pressure Fluid
— Plug
« Stages
— Typically 1000 ft o SR FRAERIEE v 1

“Approxima tely 1000

OSlsoft. REGIONAL SEMINARS



The Approach ,
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Pl AF Elements )
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. P I E Ve n t F ra I I l e S =B | |HWEH 1 — 24:11:41:12 | 4/1/2014 2:00:00 AM 4/25/2014 1:41:12PM
— = sliding 0:19:00 4/1/2014 2:40:00 PM 4/1/2014 2:59:00 PM
i Rotary ... 4:40:38 4/1/2014 3:33:45 PM 4/1/20148:14:23 PM
i sidng || 0:28:30 4/1/2014 5:23:04 PM 4/1/2014 5:51:34FM
W I I =i stck-slip || 0:03:30 4/2/2014 5:58:00 AM 4/2/20146:02:30 AM
- e S = sliding | 0:20:33 4/3/2014 3:42:00 AM 4/3/2014 4:02:33 AM
= Rotary ... || 8:10:26 4/4/201% 1:33:23 AM 4/4/20149:43:43 AM
= sticksip | | 0:00:51 4/5/2014 3:33:45 PM 4/5/2014 3:34:36 FM
i sliding | 0:22:01 4/12/2014 10:41:10 AM 4/12/2014 11:03: 11 AM
b il I Ao AMain1aR.41.98 AM aM27n14 R.50.24 AM

B
Garwral | Atrbute Templates | Ports  Ansiyas Templates |

* Pl Asset Based Analytics
— Triggers for Well Events > f—— =T

Example Element: (il

Event Frame Templte: [Fotary Drling £l
|| Ehote]

Hame Expression Vi |

Depthcnange | (Abs(TagVal("Hole Depth®,*")) - Abs(Prewisl( Hole Depth’, *-205"))) ®

StartTrigeer |Depthchangss 8.1 AND ROP> 8.1 AMD “Top Drive RFH'> 18 AMD Left("Well Mame',4) = “ell”

encirigger | "h0P'> 8.1 AND “Top Orive APH'< 15 AND Left("Well Nome®,4) = "Mell”
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Results

* Analyzing Results
— PI1 Coresight
— Microsoft PowerView
— PI DataLink
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Pl Coresight

/2 PI Coresight - Drilling - Internet Explorer =1
Y69 % J@® hip:josbiziCoresight;Displays/ 100 10/Driling A A
PI Coresight A | | | et
©ham=page 9 IEJ ko 0 :. Drilling | W
New Undo Redo Messages . = ) Help
Home b Driling and Completion b Drilll b Service Crew 1
Drill1|Midas Numbe | | Drill1{Well Name
® DrillljHole Depth | © Drill1{Top Drive RPM | ¢ DrillL{Top Drive © Drill]ROP | ® Drill1|Flow In Rate [
G BHP-P 8197 ft -527.06 pm 0 ft/h 50354 gpm
18,000 200 000 4,000 1,000
& BMmP-T
& po-ar 14,000
b JM
B 10,000 )
&b DEN-1
8,000
& DEN-2
6,000
&b DEN-4
4,000
& DpP-GT
2,000 »* n 1
& op-sT i
& o1v-D E -2,000 -1,200 - 1,000 1,500
& orv-p 4/212014 120000 AM 5/14/2014 12:00:00 AM
g ® Senvice Crew 1|Stage Number | © Service Crew 1jPSI-C | ¢ Se. 1{PSI-W | o Service Crew 1|DEN-1 | ® Senvice Crew IDEN-2 | O Service Crew 1DEN-4 | & Service Crew 1[DP-GT | & Service Crew IDTY-D. | ¥ Service Crew 1[DTY-P
Stage2 1,290 8,03 0020979 748 010217 53209 42.833 42586

2 2,500 9,0002.5-7.48 2.5 6,000 50 50 2.5
1.6
14
Related Assets/Events (4/100 1.2 .J._

i \
1
Cact @ 0.8 _‘
Drag symbols here for later use oo A
M (
W

0 -500 0 0 -7.49-0.50 000
4/2/2014 12:00:00 AM 42d 5/14/2014 12:00:00 AM

omM | [1h] [1d] [1w] [ & Now | 5/14/2014 12:00:00 AM
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Overview of Drilling Events

Rig i3 EF Type
| Dt ) | Piotary Driling | ~ Duration of Drilling Events
| Dz ||| [ Sliding
(blark) Sticl v
Well Name
[ el | weliz |
R || wtella |
[wals || wells ]
[ el [ welis ]
(w3 | tblank) |

a0 1000 300 2000 2300 000 200

g Events Number Stick-Slip Events

Row Labels [~| Avg Duration Sliding Status #Average Duration Rotary Driling  Average Duration Rotary Driling Status  Average Stick-Slip Average Stick-Slip Status Number Sliding Events Number Rotary [}

el 470 7270 813

Wwell2 463 @ To.82 O 5931 ao7 08 448
el 4.54 @ 97.74 @ 1960 333 104 455
Wwielld am@ 7035 O 3130 361 a8 454
wiellS nss @ 3.7 @ 16.14 O 3428 108 450
wellf E03 @ A0 543 @ 181 77 1M
el 7D 60.710 0ET D 236 g1 423
welld 5250 9589 @ wag O z21 38 461
wielld 4220 Mm@ 19230 381 104 455
(blarik) 158 @ 1

Grand Total 276 @ 84.61 9 1250 5921 886 3710
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Overview of Completion Events

Dirr

ing Crew

| Service Crew 1

| Service Cram =

|
]

[blarkl

=
)

Srage Mumber

| Stagel

| Stage=

[ Stage=

| Staged
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Completion Stage - Drilll -
‘Completion Stage - Drilll -
Campistion Stage - Drillz -
Completion Stage - Drll -
‘Completion Stage - Drilll -
Completion Stage - Drillz -
Completion Stage - Drll -
Campistion Stage - Drillz -
Completion Stage - Drillz -
Completion Stage - Drll -
Campistion Stage - Drillz -
Complenion Stage - Drll -
Camplation Stage - Drillz -
Completion Stage - Drillz -
‘Completion Stage - Drill2 -
Camplation Stage - Drill1 -
Completion Stage - Drll -
‘Completion Stage - Drilll -

stagel

1-

- Po1soSOz 1

- BO1 4840 T-1 T OT:

- BO1 .50 540 08

- BO1 80819 az:

- Po1so a0 19:

- BO1 8400613 a2

- BOL 540 5T D O

- P01 .80 58 PO

- BO1806ZF 11:

- BO1 4540 T-10 10:

- BO1807-20 13:

- PO140805 11:

- BO1S08Z3 LE:

- BO1.80 5248 18:

- BO1 454061 8 O5:

- BO1 .80 710 a2:

- BO1.80 707 21:

1a0m

FEEE]

2a:10

sEisE

o100

zraas

= 1:ma

oEZ 1

z1:20

1eza

2607

Serz 1

S

s8:05

1=2E

1za=

Total

BO1.840 5.1 5O7:

Stagea

=1z

[p——

o Service Crew 2

Stages Staged
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Drilling Event — Ad hoc Analysis

Rig L4 EF Type h 4
Dilll Riatary Driling ~ Duration of Drilling Events
Duill2 Sliding ‘Stick-Sip - OrillL - 20040625 18:14:13  —————

‘Stick-Slip - Drilll - 20140625 114817

[blank) Sitick-Slip o ‘Stick-glip - Drill1 - 20140624 044207

‘Stick-Sip - Drill - 2140623 210211
‘Stick-Slp - Dol - 20140623 172608

Well Name b ‘Stick-Sip - Drill1 - 2014-06-23 12:07.57
‘Stick-glip - Drill1 - 20140623 040438
‘welll well2 ‘Stick-Sip - Drill1 - 20140572 71:5505

‘Stick-Slip - Drilll - 2140622 150453

Welld Wwielld ‘Stick-glip - DrillL - 2014-06-T2 032254

‘Stick-glip - Drlll1 - 20140622 02:3331

Well Wwellb ‘Stick-Sip - OrillL - 20140621 19:15:54

‘Stick-glip - DrllL - 2014-06-21 103321
wWel? Welld ‘Stick-glip - DrillL - 2014-06-21 052334
weld (lark] ‘Stick-slip - DrillL - 2014-06-21 020912

‘Stick-Slp - Drill - 20140620 222205
‘Stick-slip - Drill1 - 20140620 17:07:14
‘Stick-glip - Drill1 - 20140620 042538
‘Stick-Slip - Drill1 - 20140620 00:20:33

- ‘Stick-Slip - Drill1 - 2014.06-19 17:5831
‘Stick-Slip - Drill1 - 20140619 033343
‘Stick-Slip - Dl - 2014.06-18 221631
‘Stick-Slip - Drill1 - 2014.06-18 0029.17
‘Stick-glip - Drilll - 214.06-17 18:52.10
‘Stick-sip - Drilll - 2014-06-17 13:22:30
‘Stick-sip - DrillL - 2014-06-17 032826
‘Stick-slip - Drill1 - 2014.05-17 03:10.55
‘Stick-glip - Drill1 - 2014.06-16 733314
‘Stick-Slip - Drill1 - 2014.06-15 173850
‘Stick-Slip - Drilll - 2014.06-16 132743
‘Stick-Slip - Drill1 - 2014.06-16 09:59:10
‘Stick-Slip - Drilll - 214.06-13 17:15:59
‘Stick-Slip - Drill1 - 20140613 144339
‘Stick-Slip - Drilll - 2014.06-13 12:51:58
‘Stick-Sip - Dl - 214.06-13 10:18:08
‘Stick-sip - DrillL - 2014-06+13 07:1 1115
‘Stick-slip - Drill1 - 2014.05-13 03:5323
‘Stick-slip - Drill1 - 2014.05-13 02:1 323
‘Stidk-slip - Dril1 - 2014.06.13 007373
‘Stidk-slip - Drill1 - 20140612 727677
‘Stick-Slip - Drilll - 214.06-12 184639
Stick-glip - Drilll - 2014.06-12 145833 me—————

[ E) 00 150 00 =0

Row Labels E Avg Duration Sliding Status Average Duration Rotary Dri Average Duration Rotary Driling Status  Average Stick-Slip  Average Stick-Slip Status  Number Sliding Events  Number Rotary Drilling Events  Number Stick-Slip Events
welld a0 454

Grand Total 9130 454
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Drilling Event — Search based on Duration
o odegmes

Duration of Drilling Events

Value Filter (Eventframe) ?

Shaw items for which

ook | Gl |

masam
ST _

o _

4
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Drilling Event — Search based on top 10 events

Rig A4 EF Type
o ] [ Rotary Difing ] w Duration of Drilling Events
Drill2 Sliding ,
(blerk] Stick-Si . stp on-ecc ez [ Top 10 Filter (EventFrame) '
Well Name b4 e
Well Well2 |Top IEl | 10 lZ” | Items Izl by | Duration El
wel3 welld
— \or g
elell? welld
s o e
O ———
P 4
Rotary Oriling - DrilL - 2014 06-12 16:07:47 _
] 100 00 00 400 500 &00 0
L
Row Labels E Avg Duration Shiding Status Average Duration Rotary Diiling  Average Duration Rotary Driling Status  Average Stick-Slip  Average Stick-Slip Status  Number Sliding Events  Number Rotary Drilling Events  Number Stick-Slip Events
Welld 4710 70350 a0 361 35 454
Grand Total 47110 T0.35 O 9130 361 98 454
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Drilling Event — calculate the average duration for

each event type

Rig EF Type
[ Dt [ Ratary Diiling | A
il Siiding
iblank) "
Well Name T
wWell Well2
WelS Wells
Wal? Well3
Wel3 iblarik)

Row Labels Izl Avg Duration Sliding Status Average Duration Rotary D

‘Stick-gip
‘Stick-glip
‘Stick-glip
‘Stick-5ip
‘Stick-5ip
Stick-5ip
‘stick-slip
‘stick-slip
‘Stick-slip
‘Stick-slip
‘Stick-slip
‘Stick-glip
‘Stick-glip
‘Stick-5ip
‘Stick-Sip
‘Stick-Sip
‘Stick-glip
‘Stick-glip
‘Stick-glip
‘Stick-glip
‘Stick-glip
‘Stick-gip

Sliding
Sliding
sliding
sliding
Sliding
Sliding
Sliding
Sliding
Sliding
Sliding
Sliding
Sliding
Sliding
Sliding
Sliding
Sliding
Sliding

Ratary 0 riling

Ratary D riling

Ratary D riling

Aatary 0 riling

Atary 0 riling

Average Duration Rotary Driling Status

DrillL - 20140625 A2 [ ——

Drilll - 0140624 02:1 1116
Drill] - 0140623 1503:37
Drill] - 0140623 020 3:53
Drill] - 20140622 13:117

Drilll - 30140622 01:39:16
DrillL - 20140621 09:56:20
Drilll - 20140621 0209:12
Drill] - 20140620 17:26:16
Drill1 - 20140620 010331
Drill] - 2014-06-19 11:24:10
Drill1 - 2014-06-18 01:58:23
Drilll - 2014-06-17 15:20:58
Drill] - 0140617 060 5:54
Drill] - 0140616 21:53:73
Drill] - 0140616 1390 1:04

Duration of Drilling Events

Drill] - 20140613 1703:17
Drill] - 30140613 12:44:56
Drill] - 20140613 07:1 1:15
Drill] - 0140613 02:2 1:35
Drill] - 0140612 Z2:53:09
Drilll - 0140612 16:07:29
DL - 2014-06-25 10:40:20
DrilL - 2014-06-23 1 3:04:08
OrilL - 2014-06-23 02:28:26
OrilL - 2014-06-22 1 5:50:22
orllL - 2014-06-22 0
oL - 2014-06-21 1
orliL - 2014-06-21.0
OrllL - 2014-06-201 8¢
DrllL - 2004-06-20 07
OrilL - 2014-06-15 1:14:
OrilL - 2014-06- 19 05:56.4
Ol - 2014-06-18 1
Ol - 2014-06-17 1
OrillL - 2014-06-17 0
OrillL - 2014-06- 160
oriliL
oriliL
oriliL
ol
ol
ol

oriliy

0

100 w0 00 400 s00 500 oo

Average Stick-Slip Average Stick-5lip Status Number Sliding Events Number Rotary Drilling Events Number Stick-S5lip Events

wielld

4710

70.35 O

3130 361 38 454

Grand Total

4710
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Completion Event — Search for completion
events on a Well

Dirilling Crew T |
e j ~ Total
Service Crew 2
blankl -
| Stag=1 ]
| Stage=z 1
| Sraged 1
| Staged 1 Completian Stage - Drilll - Serwcs Crew 1 - 20160708 02 1635
well Mame =
el el
el [ oreiia ] Camipsetton Seage - DAty - Servics Crew 1 - 3160730 13 1420 _
wellS wellS
el wellS
el (blank)
e s e [

o Fo 0000 anpoooo so-n000 so-0000 1000000 1200000
Service Crew 1
1700000

stagex  seagea
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10
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12
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Pl DataLink

A B | C D E F G H
Sample Drilling Report

StartTime  *-500d

EndTime *

EFType  Stick-Slip

WellName Well3

Duration 5

Event Primary Drilling

Event name Start time End time Duration template element  EF Type Crew EF
Stick-Slip- Drill1- 2014-06-03 16:01:  03-Jun-1416:01:15  05-Jun-1423:02:27 27:01:12 Stick-Slip ~ Drilll Stick-Slip ~ Service Crev Sti
Stick-Slip- Drilll- 2014-06-0200:48:  (02-Jun-1400:48:27 03-Jun-1402:35:19 12:06:52 Stick-Slip ~ Drilll Stick-Slip Service Crev Sti
Stick-Slip- Drilll- 2014-05-26 21:39:  26-May-14 21:39:18 27-May-1412:35:38 014:56:20 Stick-Slip ~ Drilll Stick-Slip Service Crev Sti
Stick-Slip- Drill1- 2014-05-22 14:31:  22-May-14 14:31:13 24-May-14 20:07:28 25:36:15 Stick-Slip ~ Drilll Stick-Slip Service Crev Sti

Explore Events

Database Event name
[\OSIBI3\Calgary Seminar 2014 | - |
Search start Event template
[Rams1B53 | [ stck-Slo v]
Search end Element name
[Raws1sBs4 | i \
0 Element template
Limit to database level
imit to database leve " v‘
|:| More search options
Event category Search mogde
|‘ v| |adive in range: v‘
Minimum duration Sort order
|'Haws'!$B$T-’ | |start time ascending Y] ‘

Maximum duration

Adtribute value filters
Attribute Opergtor  Value
EF Type w= v | ‘Raws'8B55
Well Name vi= v AL
v W
v W
v W

o



Future Plans

« Expand Pl Event Frames Template
« Expand Analyses
» Create Performance KPIs
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Conclusion

 Abllity to Analyze Operations
— Event Frames
— Analytics
— Bl Tools
« Shorten time for Drilling and Completions
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Yearly Puzzle

“Move 3 dots to turn the triangle upside down."

S
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e

Questions

Please wait for the
microphone before
asking your question

Please state your name
and your company

S
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Ales Soudek Yung Wallace

asoudek@osisoft.com ywallace@osisoft.com
Global Solutions Group  Global Solutions Group
OSlsoft, LLC OSlsoft, LLC
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