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Agenda

Expert in CBM
Concept of CBM

Challenge
Guide to software solution



Speaker

* Julian Zec
* National Oilwell Varco (NOV)

* Chief engineer condition monitoring & condition based maintenance/
Manager Maintenance & Reliability Engineering

* >50 countries , ~40000 employees

* Leading manufacturer & supplier of Drilling equipment and drilling
automation

* Delivered 600 drilling rigs in last 12 years
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Current CBIVI‘Programs

Condition Based Maintenance
] (Service for continUouS recert and remote monitoring
!

| }l ~

Suitable for individual equipment or small suite sets

|l T[; ‘

55 1% 5

rigs with CBM contracts of active NOV fleet under current unique
contract customers
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CM/CBM software

* NOV have tested numerous 3rd party solutions for
CM/CBM

* Plenty of these are too general
* Technical experts had to cover several areas
* Decision taken to build own package

* “Rigsentry”

©2018 NOV | Proprietary and confidential. 5
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CM/ CBM Domain expert

 Maintenance & Reliability Engineer

* |s expected to meet required business objective by solving
problem in creative way. \\“\“"
* |s expected to shape enviroment \

* Two sides of improved software tools
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25+ years of experlence in drilling controls

Integration and Automatlon
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Rig
Technologies

TOP DRIVE EXPERTS

DRAWWOR MUD PUMP

Intelligent

Applications

Machine control Process control

Autonomous operation

% DRILLERIS . ) -
", THE LINK. Drilling & Completion Optimization

Well Construction & Maintenance

Multivariate
&
Multidimensional

People



Correct and Timely .
decisions
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2014- The Downturn amplified need for optimization
measures

Crude Qil Prices - 70 Year Historical Chart

Crude Qil Prices - Historical Annual Data
Average Closing Price Year Low
$50.84 $42.53
$43.58 $26.21
$48.72 $34.73

Year
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Crystal ball -Barrell economy

CAPEX Life Cycle Well Cost Cost by bbl
$ 22 mil Rig purchase + 25 yrs x 80% Utilization x 17 wells $ 6,25 mil / well $ 8.93 bbl
S 6 mil replacement= =340 wells 700,00 bbl EUR
S= 28 mil 340 wells =238 mil bbl

OPPORTUNITIES

NQV understand - Understanding of
challenge business

Understan
services an
technology

ing of

Digital tools available



Our CBM Vision

Increase reliability (safety) of equipment and decrease total (customer)
customer cost of ownership by optimizing maintenance activities.
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Mission

Develop set of optimized methods
and procedures that will allow
diagnosis and certification of the
equipment within a Program based
on condition, utilization or
inspection criteria.

Kgy %ia%hnologies
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Prevent failures

Avoid over maintaining

Avoid cliff events

Proactive support for operations

Remove SPS




Condition Based Maintenance

| —

Process

Data & Information
Collection

Equipment

Analytics Decision Taking

©2018 NOV | Proprietary and confidential. 16



Inspection Data

Maintenance
Records

-

Historical
Records

i

Service & repair
Reports

Engineering
Documentation

\ 4

— ] — %
Work orders

Field
Execution

7

Sensory
Data

I

CM analytics
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Hollistic approach

o e m

* Take care of Data Quality * Ensure knowledge * Multipurpose teams * Journeyis

adaptation and * Domain User is part of Transformative for
transition to software the development group software and expert user

 |Tis atool

©2018 NOV | Proprietary and confidential 20



' Accept that
there are
unknown
unknowns
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Collaboration is the key

Collaborating to combine data, technology & experiences

®

Y Desi
:‘ esign Risk management
Engineers
Aftermarket
Expertise & Process (.a
~
HH |
-
l Customer
Experience

Infrastructure &

Data Science .Il iirl

Historical Data Customer goals



Information (and overload)

< Siloed governance
Operational Data

Engineering/Product
Project Information

il |

~
Non uniformity architecture / semantics >

1)
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DWl AI 858,11-nov-14
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Data Quality as part of Data Management Strategy,

domain expe

Condition

}E\ccuracy

4

Consist

rt subtask

Completeness

ency

Sensor A

Sensor B
Duplicate value

Potential failure

x Failure
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Transition from Time Based Maintenance N®Y 7 ciogics

is design issue

A collated set of Maintenance Routines compiled in comparison with NOV recommended actions,

available for implementation in software

Unj

Maintenance

- Maintenance Task Summa. Sow.

Ref. ID -

CBM Philosophy

Classification .

PM Reference

LEE ] (See Tab)
General Y
£ Ve shgpment S Visually inspect becket/adapter and TDX-1250_015 Top Drive NOV TDX 1250 6M
to well center Blowers e hours | TON_DIS.UTL | CoenWinsp fadap - Utilization Model e
* Max allowable * Visual inspection. o/ N - lifting assembly. TDX-1250 023 Item 1
misalignment: * Inspect Filters. -,
+5mm and 0,1 . .
degree. \ "(_4
4 [N f Perform MPI on exposed surfaces of TDX-1250_016 Ton Drive NOVTDX o,
= > - op Drive 1250
o2k 1 3'" | hours TOX_016.UTL  [becket/adapter and Bails and Links using TOX-1250_017 Utilization Model P ema
' Vi Momrs‘ N J - the "wet fluorescent method". TDX-1250_024
* Visual inspection. —
* Megger test. Obtain
¢ . latest report. 1 . .
* Function test - verify . N Inspect counterbalance cylinders linkage TDX-1250_018
SRPREFSRN seneoc ! [ IR hours TOX_018.UTL  |and lugs for leakage, wear, deformation TDX-1250_020 Utilization Model
il and mechanical damage. TDX-1250_021
Inspect counterbalance cylinders for
Brakiss ‘_, ML TDX_019.UTL  |wear or damage. Replace or rebuild TDX-1250_019 Symptom Model
« Function Test. . (replace seals) if necessary.
" . * Inspect friction linings 4 - -
for wear. Top Drive NOV TDX 1250 M.
I
: # — * Visually inspect fasteners to check for X tem 1
. ~ Top Drive NOV TDX 1250 3M
months TDX_022.5TD  |missing fasteners. Replace any missing TDX-1250_022 Standard PM Hem1
Main shaft secendary retention. Top Drive NOV TDX 1250 ¥ TP
+ Visually inspect load collar
area for corrosion and cracks. Item 1
* Measure for wear.
* Obtain latest NDT and wear
report hours TDX_026.UTL  |Perform MPI of Bail Pins. TDX-1250_026 Utilization Model

©2018 NOV | Proprietary and confidential
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DIAGNOSTIC AND PREDICTION STRATEGY

—

Visual « Manual Measurements
(glsiel=eiielgisi ] « Digital Checklists

* Vibration analysis certified CM teams

Expert Analysis

« Qil Analysis in laboratory

HUMAN

AUTOMATIC

_ + Symptom Indicators
Analytic Models « Wear / Fatigue Models

» Multi signal Correlations

Machine Learning

» Behavioral Analysis

"
]
]



Do not waste ex
already know

Event notification

Maintainable Item:
|/ TDX 1250 / Pipehandler / Pipehandler

Event Criticality Date Part Maintenance Action

Nov
Usage 29, Check link tilt for leakage and mechanical integrity.

Grease rotating link adapter. Check positioner and
lock for: - Damage to gears - Hydraulic leaks, and
loose hardware - Leakage and mechanical integrity
- External leaks - Damage to locking mechanism

Usage

Check torque arrestor for leakage and mechanical
integrity.

Visually inspect the torque wrench: -Check Clamp
Cylinder (including Gripper Body) for leakage and
mechanical integrity. -Check Die Retainers and Die
for damage or loose hardware.

Rigsentry

Event
Description

TDX_090.UTL
Pipehandler

TDX_098.UTL
Pipehandler

TDX_109.UTL
Pipehandler

TDX_111.UTL
Pipehandler

.
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B8 CEM-TOI Pontus - Top Drive / TOI Pontus / Top Drive / Insight / Util... e P -] L ¢ Ounm1,201813:23:2810Jan1, 2019132328 3 Q

Preventative Tasks [+ MER Engr Comments [ Predictive Tasks [ Comective Tasks [+

Associated Dashboards

Rig This i intended to provide insi data in order to meke asset s )
KQ Technologies level decisions. If facuses on sub systems aseociated with vasious utiization e I A T
madels of the top drive. This dashboerd is intented to be used in conjuction with @ ain op rive - y 4 [0]}] T )
Conditic progr d TOI Pomus / Top Drive / Insight / Rotation
equipment condition. Contact the appropriate Maintenance & Reliabiity Engineer R
R - Co TOI Partus { Top Crive Insight / Uiization
SN: TG 610637201

TOI Pontus / Top Drive / Predictive / Alarm Statistics
DR 05725715 Transocean Pontus Insight st

Link Tilt Cycles
past30days: 207 cycles — Past30days: 826 cycles

Avg 30 days: 196 Cycles Avg 30 days: 1060 Cycles

1BOP Cyekes
Link TICye s

past2a hrs: 42 cycles L) e . : past24hrs: 88 cycles

Avg 24 hrs: 6.9 Cycles Avg 24 hrs: 275 Cycles

= OIS0, Oyl Total Cakuiataz o TOLLik T ycas, Martaly_Avirage_Calculata (15751
= TO_IEOF_Cyclan Moathly_Awarsge_Calculated (1ot - TO_Link_Tiit_Cychas Monthiy_Dalte_Caleulated (rioft-y)
= TELISOP. Cycion aainiy Dut, Cakairtad {fighty) pasty: 1400 Cycles = TOLink il Cyctea Total_Calomisiod pastyr: 7971 Cycles

Past30days: 166 km Past30 days: 1736 cycles

Avg30days: 224 km Avg3odays: 2457 cycles

Gk Da ly Cye s

past24hrs: 11 km . =T ) . Past2ahrs: 113 cycles

Avg 24 hrs: 5.5km . Avg 24 hrs: 57.9 Cycles
= TO_Varticsl Traval MonSily_Aversgs_ Calcsiatad (571 1] = TO_Gulds_Doity_Gycies MonSiy_Avsrags_Dakcated (1i-ty)
= TO_Vartical Travel Montiy_Dalta Calculatad (rioht+) = TO_Gulda Doily. Cycka Wontiy Dafta Calculated (o)
= T Yot T o St pasty: 2 Mm = Tl Do Gy Tt Gt pasty: 17530 cycles




NXT BOP Body Fatigue

v

-

‘aInssald 210q|[lBM HoBIS

| 1,

" v | I
20165 20167 20169 201611 20171

Percent Fatigue Since Last Inspection

== Aggregated Fatigue Current: 1.271% = Design Fatigue Est. Current: 2.626%

!

20173 20175

Fatigue Cycle Tracking Summary

L —d 0psi
20177 20179 201711 20181 20183 20185
== Stack Wellbore Pressure Gurrent: 70 psi

Calculated Fatigue Percentage

1.27%

— A

g —

Average WB Pressure Cycle Peak

—

=

2016-10

== Fatigue Cycles - Group A (WBmin < 3,000) & (WBmax > 5,000)

== Fatigue Cycles - Group B (3,000 < WBmin < 5,000) & (WBmax > 6,000)
== Fatigue Cycles - Group € (5,000 < WBmin < 9,000) & (WBmax > 10,000)
== Fatigue Cycles - Group D (9,000 < WBmin) & (WBmax > 12,000)

2017-10

4.94 ksi

Average WB Pressure Cycle Bottom

3.77 ksi

Percent Fatigue Remaining Until Next Inspection

50

&

80%

Est. Days Until Next Inspection



Pipehandler

15:03:24 GMT 15:03:24 GMT

Installed Component Name
Sep 172018 TBD Pipehandler

Condition Hist

a Notifications History value

121.4

Maintenance

Attachments Usage vs. Time

Improve
To predictive level I

1.Jan, 2018

Date

— Top Drive Running Hours ~ — Drawworks Running Hours

IBOP Lo




Provide ability to identify and analyse

unknowns

Prepare corresponding

«sensor template» for
[ machine learning
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S SRR

Exploit Domain experts to guide, verity,
validate and enrich findings
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Rig

Maintenance alighned

Continuous CM/ Predictive mainten

FID reports delivered

Long term Asset management
control and planning
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_CBM

~ * System is design
knowledge -
situation, down to the .

! . — ‘
It normalizes relevant information source esenting user with
information he needs to see . -l

. : . a W
Provide confidence and control over situation

Make time and motivation to push for advanced development

User and the system are in constant change

Source: Calibri 8pt regular with manual bold applied.
Source citations are right aligned and wrap up the slide from the bottom.
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