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Energistics’ Spectrum of Standards
- PENERGISTICS =
¢ | JNIVERSAL INTEROPERABILITY )y
<WITSML/>" <PRODML/>" <RESQML/>"

Common Technical Architecture (CTA)
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Production Standards: PRODML ™

PDENERGISTICS =

» Consistent, high-quality transfer of
production-related data

» Volumes reporting (intra company, partner
to partner, company to regulator)

» PVT fluid properties (acquisition, samples,
lab analysis, fluid characterization)

* Flow tests (production, pressure transient,
formation testing)

* Flow networks

» DTS and DAS exchange standards
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DAS Data Exchange Use Cases

Type of surveillance

In-well monitoring applications
m Hydraulic Frac

m Zonal Injection and Production
m Artificial Lift

m Well Stimulation

Seismic Surveillance
m Vertical Seismic Profiling
m Microseismic and strain front

DAS Cementing DAS+DTS Hydro frac
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Type of DAS Data exchanged

DAS data types
m Raw >1 TB/fiber/day

m Processed MB -GB/fiber/day

Frequency filtered (frequency bands)
Fourier transformed (spectrum)

DAS and SEG data types

m Raw for R&D, ~1 TB/fiber/day)
m SEGY/SEGD for end-users GB/fiber/day

PENERGISTICS =

DAS VSP Monitoring
«o™

DAS+DTS Flow Profiling

§

!

DAS+DTS Gaslift




Business Case for a Distributed Acoustic Sensing

Data Exchange Standard > ENERGISTICS =

A shared data exchange format will accelerate development, reduce cost and improve uptake

of Distributed Acoustic Sensing (DAS) applications in the oil and gas industry.

Costs of not having a DAS standard
Expensive in-house Software development to deal with non-standard formats
Non productive staff time to deal with non-standard formats

Delayed decisions, missed opportunities and diminished confidence in DAS technology

Slow uptake in the assets (complex, too much work, too difficult to visualize, problematic data nightmare ...)

Complexity of sharing data with partners

Difficult to leverage third party solutions and best practices

Impossible to develop common toolsets and data management processes
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Distributed Acoustic Sensiqg (DAS): how does it

work?

Interrogation Unit : corresponding
5 to a Locus

Well Head b
12
13
14
15
16
17

18 f

9 Loci
20

Coherent OTDR

fiber length

Coherent pulse propagates along the fiber

Tiny density fluctuations frozen into fiber during
manufacture — act as scatter sites

Scattered light is captured and travels back toward
detector

Detection time directly maps to location

Detected intensity is a function of the local properties
of the waveguide
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DAS measurement — Raw data (1 Tbh/day)

PENERGISTICS ==
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DAS measurement — Raw data array Mapping

PDENERGISTICS =

Data Array
I
M(LO,TO) | M(LO,T1) | M(LO,T2) ) M(LO,T4) M(LO,TN)
M(L1,TO) | M(L1,T1) | M(L1,T2) [)M(L1,T4) M(L1,TN)
M(L2,TO) | M(L2,T1) | M(L2,T2) (| M(L2,T4) M(L1,TN)
<I
M(LM,TO) | M(LM,T1) | M(LM,T2) } M(LM,T4) M(LM,TN)
Missing scan
Time array
TO T T2 T4 TN

To record a DAS measurement we need to store both the data samples and the times

28-Mar-19 ©2019 Energistics Inc 10



DAS data types Raw to Processed

— —

I

| |

fiber

Frequency band including sine wave frequency

Sine wave exciting a channel Sine wave exciting a channel I :1
displayed as a wiggle plot displayed using false color
for amplitude I

Frequency band excluding sine wave frequency
28-Mar-19 ©2019 Energistics Inc 11
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DAS data types Raw to Processed

Frequency Band filtered

For many applications DAS data is filtered and
downsampled
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DAS measurement
Frequency Band Filtered & Down sampled (Gb/day)

PDENERGISTICS =

Frequency Band filtered 0 - 1 Hz Data Arrays

' ‘ —_— 1 F1(L0,Tf0) F1(L0,Tf1) F1(L0,Tf2) F1(LO,TN)
F1(L1,Tf0) F1(L1,Tf1) F1(L1,Tf2) F1(L1,TN)
F1(LM,Tf0) F1(LM,Tf1) F1(LM,Tf2) F1(LM,TN)
F2(L0,Tf0) F2(L0,TF2) F2(L0,Tf2) F2(LO,TN)
F2(L1,Tf0) F2(L1,TF2) F2(L1,Tf2) F2(L1,TN)
F2(LM,Tf0) F2(LM,TF2) F2(LM,Tf2) F2(LM,TN)

Frequency Band filtered 10 - 1000 Hz
F3(L0,Tf0) F3(LO,TF3) F3(LO,TF3) F3(LO,TN)
F3(L1,Tf0) F3(L1,TF3) F3(L1,TF3) F3(L1,TN)
B

F3(LM,Tf0) F3(LM,TF3) F3(LM,TF3) F3(LM,TN)

Time array (shared between Frequency Bands)

Tf0 T Tf2 ... | TN




DAS Conceptual Model for Raw & Processed Arrays

Data Acquired
and pm?essed Data Kind Arrays
Raw (0..%) Raw-=:::----------> RawData

> RawDataTime

Processed (0..1)
Fbe (0..%)

Spectra (0..%)

Fbe R > FbeData 1

A FbeData n
s FbeDataTime
Spectra-«::-------> SpectraData

> SpectraDataTime

PENERGISTICS ==

. .',’_‘— -d Y~
2d éasm
[—— —— !
*‘ O vt o A ‘- B HanCatas )
B « b Arrays .. .. Times
e " - " e y
t @ Pecesies
b W — A —
G o | s (R
LR -~ ) SaBSES B FHt8 pevaegesteweny | T liaide
& e o BT DI T e | = }‘ =
@ %o | v 2 e 3 - o e
—m | C o e
& e [} T
? Rt - o R
[ T (PR
Bracu w | o e
B i v
e ] oo

The data and times arrays are very large
and are stored in HDF files



What metadata do we need for the acquisition?

 PENERGISTICS =

o nnn —r) X
DasAcquisition =
AcquisitionID: UuidString Elle Window Tools Help
Gaugelength: LengthMeasure ‘ 'y |
S Rater Froquon 2d eas
PulseRate: FrequencyMeasure fetd ===
PuIst_andth: '|_'|meMeasure Recent Files |CWsersWillred Berlang\Desklop\SEAFOM June 2017\Enthoughl-DAS-examples\Case3\data h5 w | Clear Text
SpatialSamplinglnterval: LengthMeasure
TimeZone: String64 . aageend B2 RawData 3 /Acquisibon/Raw{1) [datahs in C\UsersWillred Berlang'D.. [] B2 RawDataTime at /Acquisi. &' BJ
MeasurementStartTime: TimeStamp ? @ Acquisition — @ Table @,
Triggered Measurement: Boolean o €3 Calibration[1) = . - L
TriggeredTime: TimeStamp o € Custom e chuaa
| 189,0 = fvo [ 189, = (1437355420458000 |
¢ @ Processed ” >
? i Fbe“] 2 L 2 2 % — — wmwvw—_]
DasRaw R FoeData 186 00 0.15084869 |0.278732  |0.36418092 [0.3941866 | [ a@an 11437355429338000 |
RawlID: Str|n964 1 0.0 0.15009557 |0.2773404 (0.3623627 |0.3922186 184 1437355429358000
: N & FoeDataTime = 00 014934622 |0.27595583 |0.36055365 |0.39026046 |f [* = [1337355429378000 |=
NumberOfLoci: long ¢ @& Spectral1) 189 |00 014850061 |02745781 [ 1437355429393000
StartLocus: Long £ Specrabata 490 00 0.14785872 [0.27320728 [0.3569625 [0.38637343 |J [55- 987 [1437355429418000
StartTime: TimeStamp = 0.0 0.14712054 [0.27184328 [0.35518035 [0.38444445 || [& 1437255429438000
BR SpectraDataTime 192 oo 0.14538603 [0.2704861_[0.3534071 _[0.38252512 || [ yggn )
¢ @ Rawi1] 193 {00 0.1456552 |0.26913568 |0.35164273 [0.38061535 |§ 5 4900 1437355429478000
T ) 0.14492801 [0.26779202 [0.34988713 [0.37871513 || [F 491 [1437355429498000
DasFbe &R RawData = 0.0 0.14420447 [0.26645508 [0.34814036 [0.3768244 | [= 482 |1437255429518000
) RawDataTime 0196 {00 0.14348452 (0.2651248 |0.34640226 |0.3749431 — 1427255429533000
OutputDataRate: FrequencyMeasure @ 197 |00 0.14276817 [0.26380116 |0.34467283 [0.3730712 —E; 994 [1437355429558000 | <1
NumberOflLoci: long §l RawDataTriggermime | |} 7408 0 0 0.1420554 |0.26248413 |0.34295204 |0.37120864 T — — I
StartLocus: Long all : Tal:

StartTime: TimeStamp
Essential data is stored in the HDF files
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Equipment Meta Data

Metadata Equipment

standale yes'?

<prodel: prodel="hetp://war. energistics.org/energyy
hetp1/ /v energistics.org/energynl/dota/commonm2™ wmins="http1//vww.enes
hetp:/ v, wd . org/ 2001/ 00 Schema-instance”™ uulde"df 94472l -Bohb-4604-83ed
http://vanv. energistics.crg/energynl/data/prodelv? .. /.. /.. /.. /xsd_schess

Taml ne=

1:0riginatorsFred Mertz, Fleld Tech</eal:Originator>
1iCreation>2015-07-20701:00:00. 0000002 < /enl 1 Creation>
1iFormatoVendor:ApplicationName</enl :Format >

ation>

{allusber>126434</prodel : Serisliumber>

<enl:MaserParaseteric/enl:Name>
<enlivaluer1®.0s</enl:Value>
<emliMeasureClass rtimec/enl i MeasureClass>

DAS Instrument Box

Fiber Optical Path

<?xml version="1.8" encoding="UTF-8' standalone="yes'?>

http://www.energistics.org/energyml/data/prodmlv2"” xmlns:x
http://www.w3.0rg/2081/XMLSchema-instance” schemaVersion="

<prodml:FiberOpticalPath xmlns:eml="http://www.energistics.org/energyml/data/commonv2” xmlns:pr
="http://www.
.1" uuid="bfd164f4-f9e3-41c@-a74e-37
http://www.energistics.org/energyml/data/prodmlv2 ../../../../xsd_schemas/DasAcquisition.xsd">

& OTDR

w3.org/2e81/XMLSchema”

PDENERGISTICS =

Surface Cable
Tap test

location
DAS

2 Instrume
Box

Loci 0-4

SlED)

Connector

v

Conveyance
method:
Cemented

Downhole
cable

<prodml:Inventory>|.

L </prodml:FiberOpticalPath>

@ <eml: Cltit_:l.o_r1i|;|s, eml:Citation> _

*P <prodml ;jInventory> - .. < prodrl iInventbry>

@ <prodml:OpticalPathletwork uid="0PN1 [..-]</prodml:OpticalPathNetwork>
L4 <prodml:FacilityMapping uid= "FM1"> Mapping>

@ <prodml: 'Defect defectID="OPTDEFECT1">|...|</prodml:Defeft>

@ <prodml ] Otdr>[.]</prodml:0

@  <prodml: ﬁstaﬂm@f‘nﬂor)‘_ _Dd'rrl':Installithendc"

. |</prodml

<prodml:0tdr>|..

J</prodml:Inventor
<prodml:OpticalPathNetwork uid="0PN1">[]
<prodml:FacilityMapping uid="FM1">[...]:

<prodml:Defect defectID-"OPTDEFECTl >E

on casing
Defect

/\ 101-G 1907

produl:facilityCalibration>
cprodel:Facilityvane »ABC Mell 1 Surface Cablec/prodal:Facilityane>
<prodel;FacilityKind>gesericc/prodel i Facilityxd
prode] :OpticalPathOistancelnit e

ASC well 1</prodel:Remark>

<prodel;Pipelineatum></prodel :Pipelinefatum>
<prodel:LecusDepthPoiat x3 pe="prodal : Compoundtxternalirray”>
<prodel :ColumnsrLocus Index</prodel i Columns >
<prodel:Columns OpticalPathlistance</prodel:Columns>
<prodel:Columns>Pacilitylensgth</prodel:Columns>
<prodel:values»
<enmliExternalFfilefrony xslitypes"emliExternallatasetPart™>
<onl:Count>3</eml:Count>

<prodel: LastiocusToEndOfF iber wone"0">12.43¢/prodal LastiocusToEAdOTF fber>

8-Mar-19

DAS Acquisition
Tables of locus locations

Maps Between

Fibre distance/
--+ facility length/

Measur\ed Depth

I‘

Terminator
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Architecture

/

< Tuml varsigne"1,0" s
dml DasAe i 0048 4142 -abB9- o

6 Fesboed

uv-dml VerdorCost xmisd: aml=hitp: [ [ www. energistics. hergym
. 3« "hEEp:/ / www . emergistics. eng/ emergyml / prodmiy 2
cpvcdm SPulseRate cwind: prodmie “hetp: f fwww. amergis org/

»oon hHE:S S www. wilorg/ 2001/ XML Schema: bnstance” om0 hat

Optical Path

<predml:PulseWith wming: prodmi = "hitp: / fwww, ong/f
<predml Cauootm wming: prodmi="hittp:, Hm isthcs.on
<predmi: val “hfh:f fwww . ener:

- >S.°<mlodml.mm >
<predmi: MrsmumFraguency cming: prodmie

< predml: StarLocusindess>0</prodmi: e
<predmi: mmrmﬂﬁuﬂfﬂ)ﬂtﬂ 20TO1: 2345123456+ 0100
<predmi: Erum </ k>

+ cprodmi-Raw ywds"deddl Jef-0106-a11echo0e295" -
wming: prodmis hEtp: f f www,

/ emergymd / data/prodemiv
< pradmi:Customy/ >
< predml:C abon cering:emle“hitp:/ felyw.anergistics.org fenergym|
ro “hitp: |

XML Files:
Metadata

wom s "Hz" > 0.5 </prodmicMinmumi| >

< predml M wring dml L Fwww . anergistion . org
wom="Mz" > 23.0</prodmi;

< predmi: NumberOfiLec > 101 < //predmi. >

DAS Acquisition

XML Proxy Files:

Navigation

Instrument Box

Fie Edt View Favortes Took S

* = v =

44 tewt 1e ey wd EPC Container

Processed Data: FBE

<?xml version="1.4 RaW Data
<eml:EpcExternalPartReterence xmlns:eml="http://
http://www.energistics.org/energyml/data/prodm
http://www.w3.0rg/2001/XMLSchema-instance” =c
http://www.energistics. or‘g/energyml/data/’prodvrlu o
<eml:Citation>
<eml:Title>HDF Proxy</eml:Title>
<eml:Originator>Energistics</eml:Originator:>
<eml:Creation>2015-07-20T01:00:00+81:00</enl:Cre
<eml:Format>Energistics</eml:Format:>
</eml:Citation>
</eml:EpcExternalPartReference>
v
= - — ~
28-Mar-19
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PRODML DAS from Inception to Adoption

» DAS Scope (build on DTS PRODML)

PDENERGISTICS =

Raw data & processed data: frequency and spectrum

» Status

OptaSense” Aw %‘G ENTHOUGHT @tec,‘; ‘?’

June 2014 - First proposal to develop DAS exchange standard to Energistics
December 2016 - PRODML v2.0 exchange standard — first schema published
January 2017 to date - PRODML DAS adoption project — real world deployments
August 2018 PRODML v2.1 draft — update based on adoption experiences

April 2018 to date - ETP for DAS streaming — new activity, charter drafted,
preliminaries

Team (Development/Review): - to

Shell, Chevron, Total, BP O e g 3

OptaSense, Silixa, Baker Hughes, Enthought, FoTech, Ziebel, Schlumberger,
Halliburton, Weatherford, Petrabytes, ISP & others

Schiumberger HALLlBunToNv PetragyTeS Ws

SN Zic3EL



DAS Streaming: lower cost using remote instead of field support;

safer operations - reduced exposure; low cost on-line monitoring as needed
PENERGISTICS ==

Use Cases
DAS frac - live monitoring of frac job(~100kB/s)

DAS flow - real-time flow monitoring (~5 KB/s)
DAS raw — raw DAS data collection (~80 MB/s)
N 1, P
DAS IU o
=
0
) = Ll

DAS specialist views the data

DAS interrogator unit 24/7 Vendor doud datiEicke
stream ‘live’ from the cloud store

captures the field data and
: . and downloads historical
stores It.

data for detailed analysis

» PRODML is a data exchange standard, but XML overhead makes less suitable for real-time data streaming

»  Energistics Transfer Protocol - ETP — provides layer that enables ‘Netflix’-like data streaming

28-Mar-19 ©2019 Energistics Inc 19



Key Take-Aways

PDENERGISTICS =

» DAS PRODML v2.0 released December 2016

» DAS Adoption project 2017 - 18
» Test data sets provided by Shell (synthetic samples) and Silixa (real lab data)
» Adopted by several operators and service providers, growing user base

» DAS PRODML v2.1 review release Q3 2018 (publication Q2 2019)

» Optimizations and bug-fixes based on feedback from adoption project
« Schemas, worked examples and datasets, fully documented, limited open source
» Adoption team continues for support, issue resolution etc.

» Clear business benefits using a standardized approach

» DAS ETP streaming activity has been kicked off ... open for participation

28-Mar-19 ©2019 Energistics Inc 20



Q&A

PDENERGISTICS =

» PRODML DAS Technical Webinar 24 April 2019

» More information: https://www.enerqistics.org/

28-Mar-19 ©2019 Energistics Inc 21


https://www.energistics.org/

“PENERGISTICS

4
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Thank you

Next Webinar on DAS - PRODML Technical
Information April 24t 2019

www.energqistics.orq



http://www.energistics.org/

