Delivering Differentiated Business Value

from the Pl System Enabled NOV Max™
Industrial End-to-End IIOT Platform
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Leading oilfield equipment and technology provider
Dependable partner in high-risk, high-cost world
Capable of supporting full-field development needs

Committed to lowering industry’s marginal cost per barrel
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NOV at a Glance

credit rating

revenue
headquarters ttm

locations

Note: “ttm” is trailing twelve months
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Supporting Wells Across their lifecycle
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Corporate Engineering Data

Center of Excellence

Charged with bringing IIOT and Big Data technologies to NOV
to support the rapid development of new and enhanced
products and services.
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Big Data...Big Whoop

Int64Index: 569145 entries, © to 569144
Data columns (total 3 columns):
tagname 569145 non-null object
datetime 569145 non-null datetime64[ns]
tagvalue 569145 non-null object
dtypes: datetimes4[ns](1), object(2)
memory usage: 17.4+ MB
None

‘tagname datetime
@ B_COND_PRES 2014-10-22 00:00:00
1 B_COND_PRES 2014-18-22 00:80:02
2 B_COND_PRES 2014-18-22 00:80:04
3 B_COND_PRES 2014-10-22 00:80:07 4953,
4 B_COND_PRES 2014-10-22 08:80:0% 4950.
5 B_COND_PRES 2014-10-22 @8:80:12
& B_COND_PRES 2014-18-22 00:80:14
7 B_COND_PRES 2014-18-22 00:80:16
8 B_COND_PRES 2014-10-22 00:980:21
9 B_COND_PRES 2014-16-22 00:80:24
18 B_COND_PRES 2014-10-22 @8:80:26
11 B_COND_PRES 2014-18-22 00:80:28
12 B_COND_PRES 2814-18-22 00:80:31
13 B_COND_PRES 2014-10-22 00:80:41
14 B_COND_PRES 2014-18-22 00:80:43
15 B_COND_PRES 2014-10-22 08:80:46
16 B_COND_PRES 2014-18-22 00:80:48
17 B_COND_PRES 2814-18-22 00:80:50
18 B_COND_PRES 2014-10-22 00:80:52
19 B_COND_PRES 2014-18-22 00:80:55
20 B_COND_PRES 2014-10-22 08:80:57
21 B_COND_PRES 2014-10-22 00:01:00
22 B_COND_PRES 2014-10-22 08:01:02
23 B_COND_PRES 2014-10-22 09:91:05 4952.
24 B_COND_PRES 2014-18-22 08:01:87 4954,
25 B_COND_PRES 2014-10-22 08:81:89 4953,
26 B_COND_PRES 2014-10-22 09:01:14 4949,
27 B_COND_PRES 2014-18-22 08:01:16 4953.
28 B_COND_PRES 2014-10-22 09:91:19 4954,
29 B COND PRES 2014-18-22 08:01:21 4957.

ﬁ 7 oslsoft
Pl\World san FRANCISCO 2019

0¥ W
200a0H00E0R0ERER
7

0000000000200000
©000000000000000
2002000000200000
EEELETLEEEEEEET]
2008008000200000

20080080000\
000AEPPEBAE0R20E
200200800/
20000000¢|
000000001
20000080t
000000000
000000000001
2002000000200000
EEELETLEEEEEEET]
20008008000260000
0000000000200000
©000000000000000
2000000000000000
EEEELEREEEEEEEET]
20008008000260000

a3
94
95
a6
97
98
99

_COND_PRES
B_COND_PRES
B_COND_PRES
B_COND_PRES
B_COND_PRES
B_COND_PRES
B_COND_PRES
B_COND_PRES
B_COND_PRES
B_COND_PRES
B_COND_PRES
B_COND_PRES
B_COND_PRES
B_COND_PRES
B_COND_PRES
B_COND_PRES
B_COND_PRES
B_COND_PRES
B_COND_PRES
B_COND_PRES

2014-19-22
2814-18-22
20814-18-22
2014-19-22
2814-18-22
20814-18-22
2014-108-22
20814-18-22
20814-18-22
2014-108-22
20814-18-22
20814-18-22
2014-108-22
20814-18-22
20814-18-22
2014-18-22
2014-18-22
20814-18-22
2014-18-22
2014-18-22
2814-18-22
2014-18-22
2014-18-22
2814-18-22
2014-18-22
2014-19-22
2814-18-22
2014-18-22
2014-19-22
2814-18-22

4853,
4560.
4856,
4857,
4856.
4954,
4957 .
4855,
4857,
4954,
4855,
4958,
4956.
4054,
40856,
4957 .
4852,
4962.
4953,
4249,
4560.
4957 .
4859,
4857,
43958
4260.
4849,
43953,
4961.
4857,

0000000000000000
20008000008000800
0000000000000000
0000000000000000
20008000008000800
0000000000000000
LEEEEEEELEEEEEL]
2000000008000000
0000000000000000
LEEEEEEELEEEEEL]
2000000008000000
2002000000000200
LEEEEEEELEEEEEL]
2000000008000000
2002000000000200
[ELEEEEEEEEEEEEEL]
©000000000000000
2002000000000200
[ELEEEEEEEEEEEEEL]
©000000000000000
0000000000000000
[ELEEEEEEEEEEEEEL]
©000000000000000
0000000000000000
LEEEEEE LR L]
0000000000000000
0000000000000000
LEEEEEE LR L]
0000000000000000
20008000008000800

Ti

Me indey

©2019 OSilsoft, LLC

Supply Pressure




AT RO BRES E M BhNPyE S AT rE Y SN ER B e

TEAECCMED B80S BB Pl Co P SR WSSO RES ® o oo
S U e W Eh S e © BBt T R i § M WMoY WS BB N W < -

T TSR L N W T Ve e M e At TPt S Lo S ECar

LEBEB® O U D SR D e e P T E R Y S D e

,/Lfirll - e ‘)'i’!”d?.r&»a!n!iba
SomSewames .""“’.’1*.7.1.*\8 NK L BRSNS
lvlltn’i!vm... i’?‘u??%&"

LD e Fue b Ml e AR AL RA AW s ol ¢
RNaewemaBure ot R T T . T =~ T R R

N nc7)5/¥i§?n§§"§iﬁ?’0

o -

=" e m™m

. ...ﬂ.

. 4 TORRL S TR URIVS
- - \7&?Cli?¢'§ii‘l.
Qn157’/??#?)!#)".‘33‘.?",;""»
BT s R S e R o A o -
=g X o =l ..:ﬁ.rl*aAaw%. w.’ CrAdanr A

=
]..le/la?tvqll“ﬂl.' FUopANMAw

N ABC%A“;“;"AO S—
- l'&".g _—

=T U e DD« me

TSR

les ohanmme

SRS S80S e SRSk i Y S PU DS € - 5

" e o e P

. .. "l-ﬂ?‘
LD!."A.\.I.RMH“,‘.””” l"il ' 3 = ‘u. = >
‘...‘70,/7»/.!.1I.x\./l,’"‘:‘ giitoo-
e e P T e A.”’..%
t\i‘#i!\ﬂ |

v LA o 3

?1/iﬁn7b¢r.rnlﬁ””ﬁzn"§ﬁ

-

R T . es “q&.b".\igglq\f.;\AJ_o
$L10§lavllﬁts‘z’16?t£. AR, - < <L
!Ogti v e e =S ‘ Tare < .~
@ e -me W 779/$10’#’5&.&’6393’t?’§f;

T LSV AL PR AR OBRS - . . -saderuFiasarts

Fodbe s e e SRR RATRERR - ¢ S S E s s e ow -
;ihfiii!
T R _O.cn,ﬁ“'ftﬂi!“;; >
- s R T = b Jr‘.r‘h t"&’i".n”‘.{ b g .

)

=

W e v w 3
J-P...rCnl?'.s.‘..”,.‘v”"’ll‘\.‘*lﬂ 2BV Y
SHaALTmeche s .fv..rtN’tff"O;\tJich
~ 406.8..)’/.?7.7" W RPN I TP ® . - kT LE LN <
09159’/?7091“’ BB W v csbvaRBavTacuBe
T R S S " W e et - e W EAD e E O

T o = l?uﬂ&ﬂﬂ‘*,""“*z,it’i.‘{
.l..rurbu..b,i.nr?1!&&!1",'.;‘.’;;‘*.-1
.i;.i;;.
llk‘lfllt.‘.‘?g,.ﬁi;i!-z
A s S B LD E Lot o 8t g B T BB B Bevtth il e e T i s T 8D A B




7909 Parkwood Circle
Houston, TX 77036

Dear Customer,

Your regulator valve is
going to fail in 18 days.
Spare part enclosed.

Rest Regards,
NOV

OSlsoft.
PIWorld san rrancisco 2019 #PIWorld  ©2019 Osilsoft, LLC 8



Asset performance management
BOP regulator valve . .
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Traditional v. Condition-Based Maintenance
0000 o000 o000 0000 0000
0000 o000 0000 0000 0000
0000 o000 0000 0000 0000
o 0000 o000 0000 0000 0000
Traditional 0000 o000 0000 0000 0000
preventative 0000 0000 0000 0000 0000
maintenance 0000 o000 o000 0000 0000
Condition-based | —=@o o 0000 0000
maintenance 0000 0000 0000
o000 0000
o0 o000 000
0000 0000 0000 @ In-use
0000 0000 0000 @ Replaced
? ?. o000 ?... @ Flagged as high risk

0Slsoft.
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BOP predictive

BOP predictive
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Condition-Based Maintenance: the Bathtub Curve
Hypothetical failure rate versus time

Increased failure rate

0Slsoft.

N

Infant mortality End of life wear-out
Decreasing failure rate Increasing failure rate

Normal life (useful life)
Low “constant” failure rate

Cycles
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RigSentry BOP

{7} Readback

2 Trends

e

Panels

Reports

Network Topology

W & @

Documents

Ed

Subscriptions

=

Prognostic Findings
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24 HOUR ALARM HISTORY

BOP STACK STATUS

) ) (@) VIEW LEGEND

SYSTEM STRTUS POD STATUS ()

EDS SUMMARY
EDS1 €S2 EDS3
L] . L]
ELECTRICAL SYSTEMS.
CONTROL REDUNDANCY
Panel pLe ups
. - L]

Latch Mux Reel Subsea Surface
Contrals Fiber Electrical Electrical
L] L L]

HYDRAULIC SYSTEMS

Subsea Surface
Hydraulic Hydraulic
. L

KEY PT PRESSURES (PSI} AC 10 YELLOW
1503 1606 1480 1446 1741
PTG PO PTI0 PTL2  PTI4
WELLBORE
LMRP
Pressure Temperature
1,507 psi 60+
. | ) )
o i )
Pressure Temperature
1,378 psi 57«
;. a0k 0
4 e sha
43 HOUR HISTORY 203 Q
TIME EVENTS
Mar252019 .
11:43:24 GMT Mixer Panel Mix Tank Demand
Mar252019
LAY 24 GMT Mixer Panel Soluble Oil Pump - ON
waaszol ——
. e pump Running Indica
Mar 252019
1st: Running Indicats
ey oy 155128 pump Running Indicator
Mar2S2018 e Annular Open
114247 GM
Mar 252013
r Outer Che
hange gy UPper Outer Choke Close
Mar2s2018
ey PP Ram 1 Closa
Mar252019
iy UpperOuter Choke Open
Mar252019
"% Lower Outer Kill Open
11:40:58 GM
Mar
raS20ID e outer Choke Close
11:40:41 GM
Hemsperpage: 10 1-1001 203 >
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RigSentry BOP Data Pathway

Mud Pumps
Drawworks

?@“@f%@( e

Data

HA Collective
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RigSentry BOP Analytics Engine
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Time Stamp

2/3(2019 9:48:12.265 AM

3/31/2019 7:43:56.25 PM
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The Challenge



NOV’s Max and Access Technology

g
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NOV’s Max and Access Technology

Offshore \ @ /Z
%s‘&aﬁh — : Message
ATD “"_‘->\ broker

Equipment

= Cache ™
—t  cep [
Real time
. o
service

/ Max Edge
A
1__.J

[]
Land
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Data lake

High Speed
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Analyti
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MAX Cloud
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NOV’s Max and Access Technology
Max Edge

TLS Secure Communication

Cert-based authentication / authorization
Optional VPN for private networks
Military grade AES256 encryption
Industrial OS

Remotely Manageable at Scale

OSISoft PI
- j‘,’*d i OPC/UA
inbound industria MQTT
protocols
Azure loT Hub
M AWS loT

0Slsoft.

P| WO rId SAN FRANCISCO 2019 #PIWorld  ©2019 OSisoft, LLC



NOV’s Max and Access Technology
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* Transport oil & gas from well to FPSO/fixed asset
* Service life 20-40 years

P| WO rId SAN FRANCISCO 2019 #PIWorld  ©2019 OSlsoft, LLC
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OptiFlex™

* Condition monitoring of flexible risers

e Continuous and real-time monitoring

 Built into pipe structure during manufacturing

* Key monitoring output:
- Outer sheath breach

- Displacement of ancilliaries
- Hot/Cold spots

- Accumulated fatigue damage

Detect the most common failure modes observed in flexible pipes!

0Slsoft

PI World san rrancisco 2019
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lllustration of event detection method

Ney
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Monitoring of Outer Sheath Integrity

o RE
23
T

-

Time and Position of Breach \
——

Search events...

EVENT LOG 1EVENT View All =
DATE LOCATION TYPE DESCRIPTION

Breach detected with 5 degree temperature drop.
MAY.9, 2016 550m Outer Sheath Breach ) g P P
5:20:05 PM Email alert sent to user@company.com

Temperature
5PM - 9PM - May 09 2016

-45.0

40.0

Time 2 350 Temp
(€

(Hours)
30.0

25.0

600 1100

Pipe Position (Meters)

0Slsoft.
#PIWorld  ©2019 OSisoft, LLC

PIWorld san rrancisco 2019



OptiFlex™ Strain Monitoring

* Embedded in tensile wires
 Data for lifetime extension

FATIGUE OVER TIME

DATE RANGE:

1Month 6 Months 1 Year 2 Years 4 Years

100
) R‘\

Remaining 60 Continuous logging

g
ratgueLi of residual fatigue
w life
20

! 0Slsoft.
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Optiflex Data Architecture

Customer Data Center

|

0Slsoft.
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Analysis
Server
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GoConnect for Intervention Stimulation Equipment
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Drilling vs Completion Maintenance Cost

Land Rig Frac Spread

e Capital Investment e
@ Yearly maintenance Cost

Ratio e
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GoConnect for Intervention Stimulation Equipment

Ney g o

DASHBOARD / GO CONNECT ISE / Blender BO1

John Doe, Organization

a

oo

— sas " E
= Blender BO1 Condition/Maintenance MON JUL w 2?17 Al\s;’:tLlnsvghl ~ Fa\:f;llo
Dashboard

OVERALL PERFORMANCE COsTS

VIEW COSTS
=\ Condition/Maintenance Run Hour last month ~ " Maintenance Costs last 12 month ~ Total Costs of Ownership
System Alarms
364.4 1 1,511.1 uvso 6,106.1 uso
k> Trends Compare to 312 previous month

Compare to $800.12 previous 12 months

Since May 13, 2008

If®  Prognostic Findings

@ Discharge Engine
g &t

Readback

@ Augers

B  pocuments
Hydraulic System

. A
Augers M
& Pumps .
CONDITION STATUS High Risk ox
8:00 8:30 9:00
@ Fower Units Continuous Run Hour
1100w ®
Abnormal Pattern Detected
C ——— ' o
800 h 1000 h 1260h
CALCULATED PREDICTIVE
UPCOMING WORK ORDERS Duein 2weeks « OPEN IN MAX MT
wo # Priority Due Date Scheduled Date
PW001123 Critical Aug 24,2018 - (]
PW001124 High Aug 28, 2018 Aug 10, 2018 (o}

AVAILABLE WORK ORDER TEMPLATES

Mechanic Inspection CREATE Oil Change
Descriptions about this work order

CREATE
Descriptions about this work order

0Slsoft.

PIWorld san rrancisco 2019
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Data Flow for
GoConnect

HA Collective
MAX Cloud

0Slsoft.
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Our Journey with OSlsoft — Key Enablers

1. Speed to Market

2. The Enterprise Agreement

3. The Value of Pl AF, Pl Notifications and Calculations
4. Compatibility

5. License Flexibility

6. Partnership

) osisoit
PI World san rrancisco 2019 #PIWorld  ©2019 OSlsoft, LLC



Partnership Overview — “Hybrid OEM/EA”

Asset Classes:
Defined

33 Types )
YP ~/ Architectures
BE PE®
1 HA Collective
L__ I\/Iax Edge MAX Cloud
OEM EA

! OSlsoft.
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Partnership Overview — A “Hybrid OEM/EA”

@NOEM %ﬁjﬂ @ EA

HA Collective

MAX Cloud

e (e — EA

4y Ll | Max Edge

0Slsoft.
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Delivering Differentiated Business Value from the
Pl System Enabled Max™ [IOT Platform

Leverage new digital technologies to
deliver transformative business value to
internal and external customers

* Diversity of assets, solutions, and
services — very large to very small

* Capture the opportunity to leverage
new digital technologies like 10T,
advanced analytics, and cloud

* Need flexibility in commercial model to
support a multitude of scenarios

0Slsoft.

PIWorld san rrancisco 2019

Created a flexible, ‘hybrid” OEM/EA
commercial model with a “share”
based framework

* Created 33 different OEM packages with
defined Pl System license basis and
a:“share” price, “share log” & “share block”

* Rolled out an EA for the NOV Max™ Cloud
and associated NOV infrastructure

* Included NOV manufacturing and test
facilities

Partnership Overview — Hybrid OEM/EA

NeYy

HA Collective

MAX Cloud

A T
S
% Y /
O30 \u

EA

Industry leading Max™ Edge, Max™
Cloud, and Access NOV

Reduction in NOV “smart asset” O&M
costs & Increase in reliability

“layers of analytics” from the edge, Pl AF
to advanced analytics in Max Cloud

Delivering advanced digital capabilities
across the NOV diverse portfolio of
divisions and offerings at scale & pace

#PIWorld
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Speaker Information

Carl Fehres
VP Engineering Technology
NOV

Carl.Fehres@nov.com
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the microphone g

=
TO DOWNLOAD g

APP, SEARCH
OSISOFT ostuot

PlIWorld

State your
name & company

# Download on the ETITON
@& AppStore P> Google Play

0Slsoft
& PI World san erancisco 2019 #PIWorld  ©2019 Osls ok/LLC



SB1E8 KeA LEBOHA

DZIEKUJE Cl
NGIYABONGAu

TESEKKUR EDERIM ~
DANKIE

CMACKBO

PAKMET CI3l'E
GO RAIBH MAITH AGAT 2

snArofArs GRACIAS <

TV BIATOJJAPAM =
TAK DANKE = < o

rRaumaT MERCI GRAZZ| mascatitn
HATUR NUHUN paAxMAT CATA L

CAM ON BAN
WAZVIITA

KOSZONOM

0Slsoft.

PIWorld san rrancisco 2019

TAPADH LEIBH
sasPiAnAA. MISAOTRA ANAO =

< OBRIGADO )5 3

TERIMA KASIH w DANKON TANK TAPADH LEAT Ln

OSlsoft.

PIWorld =
THANKYOU

EYxAPIzTQ GRATIAS TIBI SGRAZIE

ACI0 SALAMAT MAHALO |IA‘OE  TAKK SKALDU HA UE

neU

MULTUMESC

<G FAAFETAI

ESKERRIK ASKO
I HVALA XBANABAM
TE$EKKUR EDERIM

& DI OU MESI
= = BUHhESTENELE T DAKUJEM
0 SIPAS JIWERE Termakasn MATUR NUWUN

UA TSAUG RAU KOJ

TV BTATO[IAPAM
Ccnnoc

FALEMIN

#PIWorld  ©2019 OSisoft, LLC



