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Agenda —
Motivation and objective
Data generation process: an important aspect of data quality
— Capturing data generation using semantic graphs and networks
Multiple interpretations of data: a source of gross error
— Resolving data interpretation using the semantic description of signals
Description of data relationships: the basis of uncertainty
propagation
Integration of Data Quality Management in Software
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Motivation and Objective
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Motivation

> Poor data quality and uncertainty can:
» Cause additional costs:
> Ex. Without a proper QAQC of directional
surveying practices, 10 out of 24 wells were drilled
with large uncertainties on the depth of oil/water
contact and more generally formation tops, leading
to suboptimal well placement and trajectory
planning of the coming wells.

Webinars
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Motivation =
» Poor data quality and uncertainty can: Webinars
» Cause additional costs:
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Motivation

» Poor data quality and uncertainty can:

> Cause additional costs:

> Create additional risks:

» Impede the proper use of data analytics:
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—
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Motivation

» Poor data quality and uncertainty can:
» Cause additional costs:

> Create additional risks:

» Impede the proper use of data analytics:

» Jeopardize taking timely decisions:
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Research Questions

» Multi-disciplinary perspectives:
U How to ensure a seamless and lossless passage of
information across disciplines?

» Inherent uncertainties:
U How to ensure that uncertainty is captured and
conveyed across disciplines?

» Uncertainty propagation:
U How to capture the data generation workflows to
propagate uncertainty?

» Handling data quality:
O How to detect, mitigate and deal with low data
quality?
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SPE Organizational Effort

> Drilling Data Quality and Uncertainty Description (DDQUD),
with members from:
O DSATS (Drilling Systems Automation),
O WPTS (Wellbore Positioning) ,
O DUPTS (Drilling Uncertainty Prediction)

> Scope of work — The primary mission of DDQUD is

to increase the awareness and understanding in the drilling
community on how to describe drilling data quality and uncertainty

» Method:
O List user stories
O Rank criticality
O Identify “low hanging fruit”
O Describe data quality and uncertainty

Webinars
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Data Generation Process:
Use Case Workflows, Abstraction, Semantic Graphs

Webinars
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Motivational Use Case

How to convey well depth uncertainty across disciplines?

Use cases (actions achieving a discrete goal in
a user story)

@ DD Software
Convey

How can a use-case be described in a £ Depth
computer readable format? > Subfunction et

Directional driller

‘R

Drl\lmg engineer

Hnlllng supervisor

e Tool pusher

Drlller

P
—
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Semantic Graph as data abstraction

A collection of facts:
> Afactis an assertion that is true

Has been acqui

> It can be represented as a relation between
two concepts
O subject verb object
O head relationship tail

» A set of facts and relationships creates a
semantic graph

» Concepts and verbs can be related hierarchically
U Upwards = generalization

Drilling
Operation

Belongs to

Trajectory

Concept

T

Physical Quantity

U Downwards = specialization /\

Base Quantity

_— T
Length

Derived Quantity
/\

Force

Webinars

Belongs to

Wellbore
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"

Semantic Graphs and Metadata -l

» Object Oriented Data schema = static model

There is no computer readable information to
understand why and how the data has been created

» Semantic graph implies flexibility

A semantic graph can describe the meaning of the
data and why it has been generated

Wellbore Position Uncertainty #1

is estimated using

group contains

is corrected using

MD Correction #2

group contains

MD Correction #1
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Semantic Graphs: Relationship to Data

—
H H Webinars
Repositories
» Semantic graphs
O Point to where the data resides, do not Semantic graph workflows

themselves contain the data

O Do capture data generation process that
could not be stored in the data lake

O Can be retrofitted since they are
complimentary to data infrastructures

data lake
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A multi-layered (network) perspective

A
—
Webinars

> Different layers provide different views
U The data lake view
O The data generation analysis

ﬁﬁuﬁnf‘r’%ropagation
/’Q

O The uncertainty propagation analysis

Q..

» Links and dependencies between layers

workflo

data lake
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Benefits ol

» Workflows are captured in semantic graphs:
» Preserve how data is generated.
> It is possible to analyze if work processes can be improved.
» Repeating workflows can be (partially) automated.
» Can be computed.

»The method complements existing data lake repositories:
» No need to make drastic changes or costly conversion processes.

»Synergies between disciplines can be easier.

18
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Practicing with semantic graphs .

» A web application is available to experiment with semantic graphs:

» ltis possible to:

A

4

PE
 International

» Display the details of existing graphs
» Create new graph Index
» Edit individual graph crasenien
» Validate graph -
» Merge several graphs 0

Relief well

Micreservice

Formation
Evaluation Log
while Driling

simplified
Formation
Evaluation Log
while Drilling

DDQUD.SemanticGraph.Service

Goal

convey depth
uncertainty when
approaching 2 blowout
well

Describe howa
formation evaluation
log is acquired while
drillng

Describe in a simple
manner how a
formation evaluation
log is acquired while
drilling

Home  Privacy

Description
During the approach by a relief well to a blow-out well, the wellbore position it]
uncertainty of the relief well and the well o kll are very important, Details |

Delete

Delete

It is 2 part of the rubber banding log depth use case. See example from Dashevskiy
et al, 2008, Dynamic Depth Correction to Reduce Depth Uncertainty and to
Improve MWD/LWD Log Quality, SPE Drilling and Completions, page 13-22

It is 2 part of the rubber banding log depth use case. See example from Dashevskiy
et al, 2008, Dynamic Depth Correction to Reduce Depth Uncertainty and to
Improve MWD/LWD Log Quality, SPE Drilling and Completions, page 13-22 Delete
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Multiple Interpretations of Data

Webinars

20

20



5/22/2023

Motivational Example i

» Conversion of pressure in equivalent mud weight: Drill-floor
. _p Bell-nipple
Pemw 9z Zo I'\

_ (pz=po)
pemw g(Z—Zo)
Degasser
Conventional drilling

» There is no unique choice for py and z,
* Depends on the drilling method Zo
« Top-side architecture Q Po = Paegas
* The domain point of view Drill-floor _— Rig choke \

* May change with time Bell-nipple | ~—— \

Well control

21
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The Use of Independent References =

Webinars

* Application #1 converts Along string pressure measurements transmitted by wired pipe to ECD:
* Itis used by the high-speed telemetry provider
* po and z, are always atmospheric pressure and drill-floor

* Application #2 converts downhole annulus pressure from PWD to ECD:
* Itis used by the MWD engineer of the service company
* po and z, are chosen to be at the top of the liquid column in annulus, before any chokes or pumps

* Application #3 utilizes measured downhole ECD and kick, collapse and loss circulation events to update
geo-pressure margins
* Itis used by the geo-mechanician expert of the operating company
* po and z, are at the origin of formation pressure build-up

. What happens during a kick when the well is shut-in?

22
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Reference Drill-floor

Pore pressure

100 150 200 250 200 250

Fracturing pressure

*  PWD MudPulse

= PWD WirsdPipe
Surface Equipment

= asM

Pressure (bar}

™D (m)

A
—
Webinars

Conventional drilling
po Atmospheric
Zq Drill-floor

— PG

Pa
®  PWD MudPulss
®  PWD WiredPipe

Surface Egquipment
® AsM

Pressure Gradient in EMW (s.0.)
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Reference Drill-floor —

)
Webinars

Closed BOP under Kick
Do atmospheric
Zq Drill-floor

Pressure (bar)

—_—

— G
®  PWD MudPulse
*  PWD WiredPipe

= asM

VD (m)

Pressure Gradient in EMW (s.0.)

Surface Equipment
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TVO (m)

—_

Reference Top of Fluid Column -l

TVD (m)

Conventional drilling
Do Atmospheric
Z, Drill-floor

25
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TVD (m)

Reference Top of Fluid Column =

—— Pore prassure

SHILH

Webinars

Closed BOP under kick
po below BOP
Z, BOP depth

Pressure Gradient in EMW (s.9.)
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TVD (m)

Reference Top of Fluid Column =

Webinars

Closed Choke under kick
pPo Upstream of choke
Zo Choke elevation

Pressure Gradient in EMW (s.g.)
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Reference Top of Geopressure
Webinars

—— Pore pressure
—— Fracturing pressure

TVD (m)

— PG
— PG

Pressure (bar) s00

™D (m)
m
4
5

1.4 1.6

Pressure Gradient in EMW (s.0.)
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Reference Top of Geopressure =

=1
8 @

=
5

D (m)

1500

2000

Pressure (bar)

TV (m)

Webinars

—— Pore pressurs

—— Fracturing pressure

> e Conventional drilling

Surface Equipment

= ASM

Do pressure at start formation
pressure increase

Zy TVD of start formation
pressure increase

3 7 B ] 10

Pressure Gradient in EMW (s.g.)
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The Semantic Description of Signals

» Semantic description of signals:
» Can express complex information about signals

» Uncertainties
» Logical positions
» Dependency relations
» Processing
» Transmission
» Control functions

/—' | DownholeECD | |
/-———is

ecd |

HasPressureReference———» p0

is &

HasElevationReference——— 20 — isa

| DrillingDataPoint

A
—
Webinars
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The Semantic Description of Signals

» Semantic description of signals:

» Can express complex information about signals
» Uncertainties
» Logical positions
» Dependency relations
» Processing
» Transmission
» Control functions

» Information retrieval:
» Objective: «where is the wired pipe downhole pressure?»
» Semantic graph = graph database ~
» Query language: SPARQL

-

53— .mummlj

Webinars

» stand pipe

| spp_average
TransformationOutpt—B moving_average

ey

_—
S

PP+

s —a TImeWindawiovingrersge
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Multiple possibilities:

* WITSO
* WITSML
* OPC-UA

¢ UDP Datagram

Need to define the available

data sources

And then link every signal the
application uses to the right
data source and with the
correct configuration

S

&
Cjntomat
",

PWD Run Details

Top Water TVD (rof WGS84)

GroundM

ine TVD (e WGS84)

Deepest Casing Shoe MD (ref WGS84)

Emply Block Weight

[U3Run8 12%1
[PWD run #1in8 122 hole s

Multiple data sources

Drilfloor Elevation (Ref!

[Rig Sensor By OPC-UA v |

[Rig Sensor By OPC-UA v |

SSSSSS

PP Realime

g e v
g e v
g e <
g Se <
g e <
Fiuid Temperature In Reakime Source Rig e <
Rig S <

Fluid Density

ccord [T posonnRocord 8]
ocord [T posi
ccord [T posi
ccord [T posonnRecord ]
ccord [T posonnRecord T
ccord [T pos
oo O[T pos

12000 m
10,000 m
796000 m

350 '

How can we automate that process and make it seamless?
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Semantic Queries in a Client Application

» The semantic queries are implicit

for each signal and works for any
configuration.

» The semantic queries are usually

invisible to the end-user.

» But they can be inspected if one

wishes so.

S
ELEA
\hillelnaﬁnnal

",

PWD Run Details

Name
Descrption

Top Viater TVD (rof WGS84)

GroundiMud Line TVD (r2f WGS84)

Dsepest Casing Shoe D (ref W/GS84)

Empty Block Weight

Drilfior Elevation (Ref WGS84) Reaime
Crown-block Elevation (Ref Diil-floor) Realtime.
Source

Bt Depth Realtima Source

Default well openlab,
Defautt wellopenlab

[D0FB~]

[oorEv]

[LAT
[D0FB~]
[DDFB~]

DDFHub v

[DDFE ]

SparaL 0000m
SELECT 2dataValue.
WHERE (
2depthQuanity
2dataPoint <httpidchub noflsOfMeasurableQuantiy> 2depthQuantiy
2groundiL "
2groundWLE <htp:idhub.nol>lsAMachanicalRepresentationOf> 7ground
2ea
2sealLE I JEN
2seaMLE <htp:/ddhub.no/>lsAMechanicalRepresentationOf> 2sea
2sealLE <hitp /lddhub.no/>IsMechanicallyConnectadTo> 7groundhLE
?dataPoint <hitpiddhub nof>lsMachanicalyLocatedAb> 7sea
2dataPoint <hitp /ddhub nolHasDynamicValus> 7dataValue N
I sparaL. 175.000m
OsparaL 2175000 m
) SparQL 200t
SparaL 25000m
OsparaL. m
) SparL 2495266 m
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The Semantic Network Method —

—
Webinars
The semantic network method can be applied to describe concepts other than signals.
For example, it can be used to describe the configuration of a rig
a) c)
=\
Lift wm&mngs Shale-shaker
Floater with crown-block heave Fixed-platform with back- Low-level annulus drilling
compensation in conventional drilling pressure MPD method

34
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Describing the Hydraulic Network =

Webinars

To estimate EMW references, the system needs a description of the top-side architecture and its associated signals

There is a very large number of possibilities, probably difficult to cover all architectures:

* Hydraulic network above the well-head of pipes, pumps, chokes/sealing element, degasser, junctions (3-ways), ...

* Each of which can have sensors, e.g., pressure, density, flowrate, opening ratio,...
* And the signals may come from multiple sources, e.g., rig sensors, MPD provider,...

Bell-nipple D @D Liftline

Riser

Junction () Degasser

Riser D LftPump (@3 Rigchoke @D pump &3 Pump
Annulus sealing

Junction 0 Chokeline
Junction 3 Kill line
Junction 0 Boosterline
Annulus sealing

Well-head

EG0800000
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Architecture above Well-head
lementName Bmen e
t- Riser StandardAnnulus
50 p—
Q. - = Wethesd Wotbens
*
Q. Fowdverer Pa—
= i
i - High-pressure Flow-line. StandardPipe
1 BRr— [S—
Choke Choke
P—— g
— _ = —
" "

> Rig publishes the semantic description,
> Application utilizes it to decide the most relevant reference for depth and pressure

Semantic Description of Hydraulic Network

Element Downstream

Flow-diverter

Riser

BOP

High-pressure Flovline

3:Way Connector

Choke

Low-pressure Flow-line

Choke

Back-pressure Pump

Pump-ine

B

_—
Webinars

Element Type Downstream

FlowDiverter

StandardAnnulus

AnnulusSealing

StandardPipe

PipeBranching

Choke

StandardPipe

Choke

Pump

StandardPips

» Change in rig activity, e.g., from conventional drilling to well control, is manageable without manual configuration

36
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J/ a
/
/

Rig Control
System

Data
source

,//"i\filaa,;;ulse telﬁ@y

PWD

Data
Source

Geo-pressure

Correlation
Source
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Openlab
Drilling
Simulator

5/22/2023

Demo Setup

‘o DDHub+ (v6) / Test87 (6.16)

i x| Bottom hole pressure

P
—
Webinars

» A&
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Simple Rig
Machine Set-
point
Controller

=

“a ¥
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Demo Setup

o D-WIS Simulation control

Hookload [t 3¢

Hook velocity
-0,0

200

30

Torgue [mkN
40 - -

Top-drive RPM

100 SPP [bar] 300
400

o

Flow-rate
9259

BOP open

choke opening

5/22/2023
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Rig signals

s

[ W W]
Rig signals

Simulation

Credentials
Enai

[ ——
Pikey

openl A

Configuration and simulations.

Selct your conuraon nd siltion
[R—

[E———
Demo DOt b

5/22/2023
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PWDManagement

A PR

A Ut Creice sfs

PWD Runs

U2Run 8 1281

Default el operi

PWD Run Details
Name

Desction

Top Water TV (e WGS34)
Grundiud Lne TVD e WGS84)
DsopestCasing Shos D (ot WGS34)
EmpyBlock Wegh

Drifoor

ton (Ref WGS84) Reatme Source
roun.block Elevaton (Ref Dll-foor) Realime Sourca
B Depth Reatime Source

Block Posiion Reatime Source

HokLoad Reatime Source

Flowrste In Reslime Sourcs

PP Reatimo Source

Flid Temparaturs In Realtime Source.

5/22/2023

Descripton

PIWDun#1in 8 112 hole

o n wall Ulrigg U3

PIWD run #11n & 112 hole size In wellUllgg U2

Default el openlab.

——

[Dstaultvell operiab
[Default well openiab

[o0FuE ]
DD
[DoFiB]
[o0Fu ]
[o0FuE ]
[o0Fu ]
[O0FE~]

[o0FE ]

OspacL
spral
SparcL
Sparal
sparal.
SparcL
Spal
Sparcl.

OspaL
Sparal
Sparal

O SparaL.

@ 4
aEAa°’

men

0000m
175000 m

2175.000m

2495266 m

15000m

077

26 imin

08 0ar

_—
Webinars
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Semantics: Interpreting the Meaning of —
Exchanged Data

» Each application can publish the semantic of its signals:
» This can change with time

Application #1

» Other applications that need these signals:
» Can interpret the published meaning and make
the necessary transformation to adapt to its own
expectations without human intervention.
» This is done on the fly

» Consequently:
» Timely adaptation
» Systematic behavior
» Avoid erroneous configuration
» Reduce dependence on human intervention

otV -
Conversion \/ ~\_
32 N 253

A\ .

/ \
Conversion Conversion N
152 153

- e Application #3

/
[

Application #2
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Description of Data Relationships
The basis for the propagation of uncertainty

Webinars
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Example: High Level Sources of Uncertainty

What are the high-level sources of uncertainty in the (@) I Byay)

estimation of geopressure margins?

» There is uncertainty in the geopressure
prognosis

» There is uncertainty in wellbore position 2

» There is uncertainty in the stratigraphic
model Ze

Depth (z)

» There is uncertainty in the downhole fluid
pressure estimation

» There is uncertainty in the in-situ formation
pressure estimates Zg

Abnormal
\¢ pressure

P
—
Webinars

n(@)

Normal Gradient Line
D= Un
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MJD15

B
Example: Next Level Sources of Uncertainty .=,

Webinars

What are the sources of uncertainties in the estimation
of downhole fluid pressures?

» There is uncertainty in the mud density

» There is uncertainty in the mud rheological behavior

» There is uncertainty in the downhole temperature

» There is uncertainty in the cuttings load

TURSISERES 0 T R8I0 0 45 50 H O S0eLion0e0 0 ImSHONe s 68 T Te0 10 3 3
BaDeps (m) _ BROIXPES (M) WOB(0) __ RP (M) Fiow RaRe (Vmin) ~_ROP (mh) A Vol (T ergs Sourats (un
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MJD15 Changed this to next level to go with the previous slide "high level”, and removed the "bubble" about

level 1 from Carlos.
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Example: Yet a Lower Level Sources of —

Uncertainty

What are the sources of uncertainties in estimating
the mud rheological behavior?

» There is uncertainty/errors because the Couette rheometer
assumes a Newtonian fluid

» There is uncertainty caused by additional constituents

» Taking too sparse measurements is detrimental to uncertainty

S
S
At

)
Webinars

Mud report A Mud report B
800

g

=Y

0 5000 10000 15000 20000 25000 30000 35000 40000 45000
Time (s)

— — = 500I/min based on mud reports

= = = 1000l/min based on mud reports

= = = 1500l/min based on mud reports
20001/min based on mud reports
25001/min based on mud reports
—— 500I/min based on continuous viscosimeter
1000I/min based on continuous viscosimeter
= 1500I/min based on continuous viscosimeter

2000l/min based on continuous viscosimeter

——— 2500I/min based on continuous viscosimeter
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Uncertainty Description and Propagation

» Any scientific or engineering measurement (data) has uncertainty
O Uncertainty propagates when data is combined
O Where to store uncertainty information?

» Uncertainty propagation is recursive:
O Sources of uncertainty have their own sources of uncertainty

» Relationships mean a source influences a target
U Leads to a weighted graph:
U How much a source influences the uncertainty of the target

A
—
Webinars

An example influence diagram
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Integration of Data Quality Management in =
Software

Webinars

» Using semantics graphs and networks, it should be possible to describe uncertainty in applications

» It cannot be expected that end-users describe workflows in term of semantic graphs, but it can be
expected that software uses semantic graphs to describe data relationships and meaning

» Applications can attach semantic information when they exchange data
» The accumulation of the semantic attachments, each time data is exchanged allows to capture

the workflow in a distributed fashion
» But applications need to be changed to document the meaning of the exchanged data

48
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Closing Remarks

Webinars
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Conclusion ol

> Drilling Data Quality and Uncertainty
» Has consequences on costs, risks and timely decision making
> |s exacerbated by multi-disciplinary workflows

» To be addressed
» Need to account for data generation workflows
» Exchanged information shall be “self-descriptive” to allow correct interpretation by other applications
» Data dependence on other sources shall be tracked and evaluated to propagate uncertainty

» Possible methods
» Semantic networks can be constructed to capture work processes
> Data can be accompanied with a semantical description of their meaning and the principles of their generation
> Influence diagrams can be built to facilitate the analysis of the propagation of uncertainty

> Practical solutions

» Uncertainty is managed by software applications
» Software solutions decorate exchanged data with semantical information

50
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—_

Further information =

Webinars

Cayeux, E., Damski, C., Macpherson, J., Laing, M., Annaiyappa, P., Harbidge, P., Edwards, M., and J. Carney.
"Connecting Multilayer Semantic Networks to Data Lakes: The Representation of Data Uncertainty and
Quality." SPE Drill & Compl 38 (2023): 18-33. doi:

Coming paper: “Analysis of the Sources of Uncertainty in Geopressure Estimation While Drilling”. Paper SPE-
214962-MS to presented at the SPE Annual Technical Conference and Exhibition in San Antonio, TX, USA,
Oct 16-18, 2023.

Information and code can be found on github: (Contact Eric to get access)

Regular posts on SPE-DSATS.org:

List of User Stories for Drilling Data Quality and Uncertainty:

51

51



5/22/2023

Acknowledgement o

We would like to thank all the other participants of the SPE sub-

committee for their contributions to the work presented here:

* Moray Laing, Pradeep Annaiyappa, Philip Harbidge, Gerhard
Thonhauser, Jonathan Carney, Darryl Fett, Mark Anderson,
Michael Edwards, Nick Whiteley, Dimitrios Pirovolou, Nicolas
Ville, Nathan Zenero, Roger Marin, Fred Florence, Mark
Jenkins, Wael Ziadat, Benoit Daireaux

52

52



5/22/2023

Thank you
Any questions?

Webinars
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