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Energistics’ Spectrum of Standards

PENERGISTICS =

<«——— UNIVERSAL INTEROPERABILITY ——>
<WITSML/>* <PRODML/> <RESQML/>"

Common Technical Architecture (CTA)
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Production Standards: PRODML ™

PENERGISTICS =

» 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 Measurement

Time

Time Series for one Locus

Locus Index
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Distributed Acoustic Sensiqg (DAS): how does it
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DAS Conceptual Model for Raw & Processed Arrays

To
XX

Data Acquired
and Processed

Data Kind Arrays

Raw (0..%) Raw-:::-----------> RawData

RawDataTime

Processed (0..1)

Fbe (0..%) FbeData 1

FbeData n
FbeDataTime

SpectraData

SpectraDataTime

S

%
550

PENERGISTICS =

HDFView 2.1.
e - bd
File Window Tools Help
& L.y
2d ¢
Recent Files |C:\Users\Wilfred.Berlang\Desktop\SEAFOM June 2017\Enthought-DAS-examples\Case3\data.h5 |v Clear Text
data.h5 . . ;
@ RawData at /Acquisition/Raw{1)/ [data.h5 in C:\User. i @ RawDataTir . i
— ﬁ 4
¢ @ Acquisition Arrays Table Tlmes
o~ 24 Calibration[1]
u-0g U-pased
7@ Custom [ 1es, = [[1437355429458000
¢ @ Processed
¢ @ Foelt] i z 3 = e
G FoeData 186 0.0 015084869 [0.278732  |0.36418092 [0.3941866 183 |1437355429333000 |
187 00 015009557 [0.2773404 |0.3623627 [0.3922186 184 [1437355429358000
i FoeDataTime 188 [0.0 0.14934622 [0.27595583 [0.36055365 [0.39026046 985 [1437355429378000 =
¢ @ Spectra[1] 189 0.0 0.14860061 [0.2745781 0.35875356 |0.38831207 986 |1437356420398000 | |
) spectaDat 190 0.0 014785872 [0.27320728 [0.3569625 [0.38637343 187 |1437355420418000
packstiaa 191 0.0 014712054 [0.27184328 [0.35518035 |0.38444445 188 |1437355420433000
) SpectraDataTime 192 [00 014638603 [0.2704861 [0.3534071 [0.38252512 || = a9 [1437355429458000
+ @ Rawl1] 193 [00 01456552 [0.26913568 |0.35164273 [0.38061535 900 |1437355420473000
194 00 014492801 [0.26779202 [0.34988713 [0.37871513 101 [1437355429498000
RawData 195 00 014420447 [0.26645508 |0.34814036 [0.3768244 192 [1437355429513000
) RawDataTime 196 00 014348452 [0.2651248 |0.34640226 [0.3749431 993 [1437356420533000
197 00 014276817 [0.26380116 |0.34467283 [0.3730712 104 [1437355420558000
i RawDataTriggerTime 198 00 01420554 [0.26248413 [0.34295204 [0.37120864 > = ol |
o ] Iy

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




Optical Path Components

PENERGISTICS =
Surface Cable

DAS
Instrument
Box

Conveyance
method:
Cemented on
casing




Equipment Meta Data

PENERGISTICS =
Metadata Equipment

Mapping> <prodml:Inventory>|...|</prodml:Inventor] casing
" rodml:Defeft> <prodml:0OpticalPathNetwork uid="OPN1">|.
<prodml Dtdr)lzla /prodml:0tdr>

P <prodml:'Ths€allingVendors]s ] p”cd'rrI:Installing"u‘endc-‘.v <pr‘0dml:FacilityMapping Uid="FM1">|:|’{
</prodml:FiberopticalPath> <prodml:Defect defectID="OPTDEFECT1">[. |

<prodml:0tdr>|... |</prodml:0tdr:

- <prodml:FacilityCalibration>
<prodml:FacilityName>ABC Well 1 Surface Cable</prodml:FacilityName> Maps Between
<prodml:FacilityKind»generic</prodml:FacilityKind>

<prodml:OpticalPathDistanceUnit>m</prodml:OpticalPathDistanceUnit> DAS AchISItIOn Flbre dlStance/

<prodml:FacilitylengthUnit>m</prodml:FacilitylengthUnit> e
= <prodml:Calibration> e e e TT=e [ faC|I|ty Iength/ 517.43
<prodml:LastlocusToEndOfFiber uom="m"»12.43</prodml:LastLocusToEndOfFibers Measured Depth « Terminator
A\

<prodml .Fac111tyMapp1ng uid="FM1">[.. ]
<prodml:Defect defectID="OPTDEFECT1">|...|</

<prodml 'OptlcalF'athNetwork uid= "OPN1 il:k prodml:OpticalPathNetwork>
Qp—rth-l—erwlf‘-

Defect

<?xml version="1.@" encoding="UTF-8' standalone='yes'?>
[Fl<prodml:DasInstrumentBox xmlns:prodml="http://www.energistics.org/energy DAS Instru ment BOX Surface Cable
http://www.energistics.org/energyml/data/commonv2” xmlns="http://www.ene o Tap test
http://www.w3.0rg/2001/XMLSchema-instance” uuid="df9447al-8c6b-4634-88eb Te-ell .
http://www.energistics.org/energyml/data/prodmlv2 ../../../../xsd_schema ~"‘~-___ Iocatlon
=] <eml:Citation> TTe-ll
<eml:Title>Instrument Box</eml:Title> Tl A
<eml:0riginator>Fred Mertz, Field Tech</eml:Originator: \~~__§ DAS LOC| 0'4 _ & 23.50
<eml:Creation>2015-87-20T01:00:00.00800007</eml:Creation> \"‘$ nﬂ 4
<eml:Format>Vendor:ApplicationName</eml:Format> InStrume
r </eml:Citation> Box
<prodml:SerialNumber>12645A</prodml:SerialNumber: 0.0
= <prodml:Parameter:
<eml:Name>Parameterl</eml:Name> . . II Con nector
<eml:Value>1@.@s</eml:Value> F|ber Opt'cal Path
<eml:MeasureClass>time</eml:MeasureClass> | oS- me—— e ____
[l <?xml version="1.8"' encoding="UTF-8"' standalone='yes'?> & OTDR —————————————————
—| [l <prodml:FiberOpticalPath xmlns:eml="http://www.energistics.org/energyml/data/commonv2” xmlns:pn r-
http://www.energistics.org/energyml/data/prodmlv2” xmlns:xs="http://www.w3.org/2001/XMLSchema” Conveyance (o) Downhole
H | http://www.w3.0rg/2001/XMLSchema-instance” schemaVersion="2.1" uuid="bfdle4f4-f9e3-41c@8-a74e-37| methOd . (o)
http://www.energistics.org/energyml/data/prodmlv2 ../../../../xsd_schemas/DasAcquisition.xsd"> " N cable
©  <eml: C1tat10n>|:|‘,.':rrl Citation> Cemented on ($) ]
Torodnl: Tnvetory> i
(=]
-_—

352.80

505.00

<prodml:Remark>ABC well 1</prodml:Remark:> TableS Of IOCUS |OCat|0nS
<prodml:PipelineDatum>:</prodml:PipelineDatum>

=] <prodml:LocusDepthPoint xsi:type="prodml:CompoundExternalArray”> \ ’
<prodml:Columns>LocusIndex</prodml:Columns> \ ,
<prodml:Columns>OpticalPathDistance</prodml:Columns> N e
<prodml:Columns>FacilitylLength</prodml:Columns> SIS _-

= <prodml:Values:> e D

8 <eml:ExternalFileProxy xsi:type="eml:ExternalDatasetPart”> ©2019 EneFQIStICS Inc 9
I <eml:Count>5</eml:Count>
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Architecture

XML Files:
Metadata

Optical Path

DAS Acquisition

\

XML Proxy Files:
Navigation

Raw Data

S EER LR

24-Apr-19

Instrument Box

N

File Edit View Favorites Tools t

ap - v " -

Add Extract Test Copy Mov EPC Container
? C:\Users\laurence\Documer (Zip file)

doc\examples\DAS\example\exam

Processed Data: FBE

©2019 Energistics Inc

Name Size Packe.. Modifi... Cr|
docProps 518 518
_rels 4808 3540
| DasAcquisition_bbbe028c-ef8a-4155-8dff-429ef14e2ab8.xml 22 243 2680 2018-.. 2(
| DaslnstrumentBox_df9447a1-8c6b-4634-88eb-ab07b41ac876.xml 1150 504 2018-.. 2(
| EpcExternalPartReference_01d69446-cda9-42f2-9afc-6b445f659a1f.xm| 743 356 2018-... 2(
| EpcExternalPartReference_4f44769e-3540-4288-ac9a-2138ff30d6c7.xi 743 356 2018-.. 20
| EpcExternalPartReference_cf03ab49-bb06-4b82-8617-0ca76783b8b9.xml 743 357 2018-.. 20
| FiberOpticalPath_bfd164f4-f9e3-41c0-a74e-372b69cc2a09.xml 8 007 1651 2018-.. 20
| OTDRAcquisition_29b5fc06-4224-4164-a376-b40ca8be9b01.xml 1142 490 2018-.. 2@
| [Content_Types].xml 1492 1492 2018-...
Processed Data:
Spectrum
1
HDFS5 Files:
Array Data
10




The HDF5 files are typically outside of the EPC file

PENERGISTICS =
/ DAS Acquisition Optical Path

| External

ey \ /example.epc

— — [fbe part1.h5
Ty - [fft_part1.h5

External | 1 /fft_paI’tZ "]5
File Proxy — [raw_part1.h5
- term // [raw_part2.h5
File Proxy /
Raw Data
\ External /
File Proxy

FBE Data

Spectra
Data

[\




Different layouts are allowed...

PENERGISTICS =
/ DAS Acquisition Optical Path

External
File Proxy \ /example.epc
:f:irrgily  \“ / raw_1 part1.h5
— /raw_1_part2.h5
External 4 /raw_2_part1 .h5

File Proxy - /raw_z_pa rt2.h5

External

File Proxy

Raw Data

Raw Data

[\




Different layouts are allowed...

PENERGISTICS =
/ DAS Acquisition Optical Path

Raw Data l[example.epc
Ffﬁrrlax'y —~ [raw_part1.h5
. /raw_part2.hd
External /
File Proxy

Raw Data




Calibration data arrays are treated in the same way

PENERGISTICS =

/ DAS Acquisition

Facility
Calibration

Optical Path

Facility
Calibration

External
File Proxy

Instrument Box '\

/[example.epc
> [calibrations.h5

>

\ Raw Data

External
File Proxy

External
File Proxy

. [raw_part1.hd
. [raw_part2.nd

\_




Adoption: EPC first or HDF5 first

PENERGISTICS =

» Starting from EPC is a better way to get familiar with how datasets are
linked and organized.

» In practice, businesses tend to approach the adoption by implementing
the HDF5 files first.
* Pros: This allows quick deployment of software writing DAS data arrays.

« Cons: Indexing requires reading attributes in every HDF5 file as well as applying
some assumptions on the directory structure; it is not as scalable.

» Consequently, some metadata in the EPC are repeated in the HDF5 files

to support the most common use cases. These HDF5 attributes become
part of the standard.



HDF5 duplicates some attributes in the EPC

part1.h5

o- (4 Acquisition

Acquisition (1072, 2)

Group size =2

Number of aitributes = 21
AcquisitionDescription = Energistics DAS PRODML Acquisition Sample
Acquisitionld = dc0e381a-0943-4fd2-ab89-dce867e3b99d
Facilityld = ABC Facility, Well Facility
Gaugelength =40.0
GaugelLength.uom=m
MaximumFrequency = 25.0
MaximumFrequency.uom = Hz
MeasurementStartTime = 2015-07-20T01:23:45.123456+01:00
MinimumFrequency =0.5
MinimumFrequency.uom = Hz
NumberOfLoci = 101
PulseRate =50.0
PulseRate.uom=Hz
PulseWidth = 8.0
PulseWidth.uom =ns
SpatialSamplinginterval = 5.0
SpatialSamplinginterval.uom =m
StartLocusindex=0
TriggeredMeasurement = TRUE
schemaVersion=2.1
uuid = bbbe028c-ef8a-4155-8dff-429ef14e23b8

PENERGISTICS ==
<?xml version='1.0' encoding='UTF-8' standalone='yes'?>
<prodml:DasAcquisition
xmlns:eml="http://www.energistics.org/energyml/data/commonv2"
xmlns:prodml="http://www.energistics.org/energyml/data/prodmlv2"
xmlns:xs="http://www.w3.0rg/2001/XMLSchema"
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
schemaVersion="2,1"
uuid="bbbe@28c-ef8a-4155-8dff-429efl4e2ab8"
xsi:schemalLocation="http://www.energistics.org/energyml/data/prodmlv2 ../../../../xsd_schemas/DasAcquisi
<eml:Citation>-
</eml:Citation>
<prodml:AcquisitionId>dc@e38la-094a-4fd2-ab89-dce867e3b99d</prodml:AcquisitionId>
<prodml:AcquisitionDescription>Energistics DAS PRODML Acquisition Sample</prodml:AcquisitionDescription>
<prodml:OpticalPath> -
</prodml:0OpticalPath>
<prodml:DasInstrumentBox> -
</prodml:DasInstrumentBox>
<prodml:FacilityId>ABC Facility</prodml:FacilityId>
<prodml:FacilityId>Well Facility</prodml:FacilityId>
<prodml:VendorCode> -
</prodml:VendorCode>
<prodml:PulseRate uom="Hz">50.0</prodml:PulseRate>
<prodml:PulseWidth uom="ns">8.0</prodml:PulseWidth>
<prodml:GaugeLength uom="m">40.0</prodml:GaugeLength>
<prodml:SpatialSamplingInterval uom="m">5.0</prodml:SpatialSamplingInterval>
<prodml:MinimumFrequency uom="Hz">0.5</prodml:MinimumFrequency>
<prodml:MaximumFrequency uom="Hz">25.0</prodml:MaximumFrequency>
<prodml:NumberOfLoci>101</prodml:NumberOfLoci>
<prodml:StartLocusIndex>0</prodml:StartLocusIndex>
<prodml:MeasurementStartTime>2015-07-20T01:23:45.123456+01:00</prodml:MeasurementStartTime>
<prodml:TriggeredMeasurement>true</prodml: TriggeredMeasurement>
<prodml:Raw uuid="dadd1266-3ce9-43e4-ald6-alfecb00e295">
</prodml:Raw>
<prodml:FacilityCalibration>
</prodml:FacilityCalibration>
<prodml:FacilityCalibration>
</prodml:FacilityCalibration>
<prodml:Processed> -
</prodml:Processed>
</prodml:DasAcquisition>




HDF5: The Acquisition attributes are the same for HDF5 files in
the same package

PENERGISTICS =

calibrations.h5 part1.h5
o~ 4 Acquisition : o 2] Acquisition
Acquisition (800, 2) Acquisition (1072, 2)
Group size =2 Group size =2
Number of altributes = 21 Number of aitributes = 21
AcquisitionDescription = Energistics DAS PRODML Acquisition Sample AcquisitionDescription = Energistics DAS PRODML Acquisition Sample
Acquisitionld = dc0e3813-094a-4fd2-ab89-dce867e3099d Acquisitionld = dc0e381a-094a-4fd2-ab89-dce867e3b99d
Facilityld = ABC Facility,Well Facility Facilityld = ABC Facility, Well Facility
GaugelLength =40.0 GaugelLength =40.0
GaugelLength.uom=m Gaugelength.uom=m
MaximumFrequency = 25.0 MaximumFrequency = 25.0
MaximumFrequency.uom = Hz MaximumFrequency.uom = Hz
MeasurementStartTime = 2015-07-20T01:23:45.123456+01:00 MeasurementStartTime = 2015-07-20T01:23:45.123456+01:00
MinimumFrequency = 0.5 MinimumFrequency = 0.5
MinimumFrequency.uom = Hz MinimumFrequency.uom = Hz
NumberOfLoci = 101 NumberOfLoci = 101 _ .
PulseRate = 50.0 PulseRate = 50.0 || example.epc 11/1/2018 5:27PM  EPC File
PUBEWIdN =80 PuSOWIdh =80 ] calibrations.h5 V13/2018G07PM  HS File
PulseWidth.uom = ns PulseWidth.uom = ns D part1.h5 9/13/2018 6:07 PM H5 File
SpatialSamplinginterval = 5.0 SpatialSamplinginterval = 5.0 o _ o
SpatialSamplinginterval.uom = m SpatialSamplinginterval.uom = m D part2.h5 9/13/2018 6:07 PM H5 File
StartLocusindex =10 StartLocusindex =0
TriggeredMeasurement = TRUE TriggeredMeasurement = TRUE
schemaVersion =2.1 schemaVersion = 2.1
uuid = bbbe028c-ef8a-4155-8dff-429ef14e2ab8 uuid = bbbe028c-ef3a-4155-8dff-429ef14e2ab8

» Inthe EPC, these values occur only once. For the HDF5 first adoption
approach, these attributes are repeated in every HDF5 file.



HDF5: What are the required attributes?

»

»

»

»

part1.h5
o €4 Acquisition

Acquisition (1072, 2)

Group size =2

Number of altributes = 21
AcquisitionDescription = Energistics DAS PRODML Acquisition Sample
Acquisitionld = dc0e381a-094a-4fd2-ab89-dce867e3b99d
Facilityld = ABC Facility, Well Facility
Gaugelength =40.0
GaugelLength.uom=m
MaximumFrequency = 25.0
MaximumFrequency.uom = Hz
MeasurementStartTime = 2015-07-20T01:23:45.123456+01:00
MinimumFrequency = 0.5
MinimumFrequency.uom = Hz
NumberOfLoci = 101
PulseRate =50.0
PulseRate.uom =Hz
PulseWidth = 8.0
PulseWidth.uom = ns
SpatialSamplinglnterval = 5.0
SpatialSamplinglnterval.uom =m
StartLocusindex =0
TriggeredMeasurement = TRUE
schemaVersion =2.1
uuid = bbbe028c-ef8a-4155-8dff-429ef14e2ab8

+ AcquisitionDescription: String2000 [0..1]

+
b

+ o+ o+ o+

OpticalPath: FiberOpticalPath
DasInstrumentBox: DasInstrumentBox

VendorCode: BusinessAssociate
PulseRate: FrequencyMeasure [0..1]
PulseWidth: TimeMeasure [0..1]

Gaugelength: LengthMeasure [0..1]

Energistics common Technical Reference Guide

1.3 AbstractObject

Type: Class Stereotype: «XSDcomplexType»
Detail: Created: 5/25/2014 Last modified: 11/10/2016
Notes: The Mother Class for all Top Level Elements across the MLs.

Attributes

Name [Type

Aliases ObjectAlias
Citation Citation
CustomData CustomData
existenceKind ExistenceKind

ExtensionNameValue ExtensionNameValue

objectVersion String64
schemaVersion String64
uuid UuidString

Attributes are defined in the XSD either locally or are inherited from more abstract objects.

Rule 1: If the attribute is required in the XSD and is a basic type or a Measure type, it is required in the HDF5.

Rule 2: Measure type attributes have units represented as “X.uom”

There are a few more rules. Refer to PRODML DAS Technical Usage Guide v2.1 Chapter 24.6.5



HDF5 / EPC: Acquisitionld and uuid are different!

o

DAS Acquisition

Acquisitionld: dcOe381a-094a-

Raw Data

/

raw.epc

uuid: df9447a1-8c6b-46...

»

»

»

o

DAS Acquisition

Acquisitionld: dcOe381a-094a-

Processed
Data: FBE

/

fbe.epc

uuid: bbbe028c-ef8a-41...

PENERGISTICS =

<prodml:DasAcquisition
xmlns:eml="http://www.energistics.org/energyml/data/commonv2"
xmlns:prodml="http://www.energistics.org/energyml/data/prodml\
xmlns:xs="http://www.w3.0rg/2001/XMLSchema"
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
schemaVersion="2,1"

| uuid="bbbe®28c-efB8a-4155-8dff-429ef14e2abs" |

xsi:schemalLocation="http://www.energistics.org/energyml/data/y
<eml:Citation>-

</eml:Citation>
|<prodm1:AcquisitionId>dc0e381a—094a—4fd2—ab89—dce867e3b99dk/proc
<prodml:AcquisitionDescription>Energistics DAS PRODML Acquisitic

<prodml:OpticalPath>
<c/nrndml *NntiralPaths

“uuid” is the unique identifier for the DAS data package (represented by DasAcquisition).

The Acquisitionld refers to the DAS Acquisition job.

Multiple data packages can share the same Acquisitionld if they refer to the same Acquisition job. But
they must have different uuid.



HDF5: The organization imitates the structure in the XML

DENFRGISTICS =

part1.h5 ) FoeDataTime at /Acquisition/Processed/iFbe[0) [part1.h5 in
¢ @ Acquisition Table tm]
¢ @ Processed B
9 @ Foe[0] 0, = |1437351825678000
) FoeDataTime R o .
FeDatald DasAcqusition
& (0] 0 [1437351825678000
& FoeDatal1) 1 1437351825778000
¢ @ Spectral0] 2 1437351825878000
3 1437351825978000
R SpectraData 4 1437351826078000
@ SpectraDataTime 5 1437351826178000
: 6 |1437351826278000
# @ Rawi0] 7 |1437351826378000
& RawData 3 1437351826478000 JU P sorocaccadrl/o 1
4 9 1437351826578000
R T e — .
g awbataTime 10 |1237351826678000 R SRS
RawDataTriggerTime 11 |1437351826778000 7 7
12 |1437351826878000 | ustom DasProcessed
13| 1437351826978000 | 01
14 1437351827078000 : DaS RaW +Custom 0.1 +Custom 0.1
<] M IDE [
FobeDataTime (33624, 2)
64-bitinteger, 15 i bl S wsonctrarboe
Number of attributes = 7 > -
Count=15 i
EndTime = 2015-07-20T00:23:47.078000+00:00 L SR 4

PartEndTime = 2015-07-20T00:23:47.078000+00:00
PartStartTime = 2015-07-20T00:23:45.678000+00:00
Startindex =0

StartTime = 2015-07-20T00:23:45.678000+00:00
Uom=us

DasFbe DasSpectra

» Refer to PRODML DAS Technical Usage Guide
v2.1 Chapter 24.6.4 for details.

E R T T T T T P (T N NP
P




HDF5: Each file has a uuid to identify itself

PENERGISTICS =
HDF files

'jg calibrations.h5 (%] part1 h5 part2.n5 l ;

o €4 Acquisition : o A Acquisition o Q4 Acquisition D example.epc 11/1/2018 5:27 PM EPCFile

v (E:;Br)oup s o) — D calibrations.h5 9/13/2018 6:07 PM HS5 File
Number of allributes =1 Group size =1 Group size =1 D part1.h5 9/13/2018 607 PM e Rl

uuid = 4f44769e-3540-4288-ac9a-2138ff30d6¢7 Number of attributes =1
uuid = 01d69446-cdag-42f2-9afc-5b445f659a1f

| part2.h5

w
s
w

- 2/2018 607 i 5 Ei
T T e P A T /20186:07PM  H5File

| LogInfo I Metadata LogInfo | Metadata [ Log Info L Metadata

One of the relationship files in example.epc

<?xml version='1.0' encoding='UTF-8'| standalone='yes'?>

J<Relationships zmlns="http://schemas| openxmlformats.org/package/2006/relationships">
<Relationship Id="bbbe028c-efB8a-41p5-8dff-429eflde2ab8" Target=
"DasAcqulsltlon bbbe028c efB8a-4155}8dff- 429ef14e2ab8 xm;" TargetMode="Internal" Type="

<Relatlonsh1p Id="cf03ab49 bb06- 4b 2-8617-0ca76783b8b9" Target="part2.h5" TargetMode=

"External" Type="http://schemas.energistics.org/package/2012/relationships/externalResource"/>
-</Relationships>

» For the HDF5-only approach, this uuid is not used as there are no EPC.
» This is a required attribute in the standard, however.



HDFS5 / EPC: How are file parts linked?

part1.h5
¢ @ Acquisition
o~ ) Processed
¢ @ Raw(0]
#h RawData
Bi RawDataTime

) RawDataTriggerTime

%] part2.ns

¢ @ Acquisition
¢ ‘@l Raw[0]
fh RawData
) RawDataTime

Rawl0] (2104, 2)

Group size =3

Number of aitributes =6
NumberOfLoci = 101
OutputDataRate = 50.0
OutputDataRate.uom = Hz
RawDataUnit=V

v — [
'uuid = dadd1266-3ce9-43e4-31d6-a1fecb00e295 '

Raw[0] (2104, 2)

Group size =2

Number of aitributes =6
NumberOfLoci = 101
QutputDataRate = 50.0
QutputDataRate.uom = Hz
RawDataUnit=V

v — )
I uuid = dadd1266-3ce9-43e4-a1 dG-a1fecb00e295]

PENERGISTICS =

<prodml:Raw uuid="dadd1266-3ce9-43e4-ald6-alfecb@0e295">

<prodml:RawDataUnit>V</prodml:RawDataUnit>
<prodml:QutputDataRate uom="Hz">50.0</prodml:QutputDataRate>
<prodml:StartLocusIndex>0</prodml:StartLocusIndex>
<prodml:NumberOfLoci>101</prodml:NumberOfLoci>
<prodml:RawData> -

</prodml:RawData>

<prodml:RawDataTime> -

</prodml:RawDataTime>
<prodml:RawDataTriggerTime> -
</prodml:RawDataTriggerTime>

<prodml:Custom/>

</prodml:Raw>

» Araw data array is split into two files. They are linked by the DasRaw object’s uuid.

» Note that the DasRaw’s uuid is not the same as the DasAcquisition!

» The metadata for these two files are included in the same Raw object in the XML.



HDF5 / EPC: How are file parts ordered?

part1.h5
¢ @ Acquisition

o- ) Processed

¢ @ Raw(0]
RawData

RawDataTime

RawDataTriggerTime

IS] part2.h5
¢ @ Acquisition

¢ @ Rawl0]
RawData

RawDataTime

RawData (7608, 2)
32-bitfloating-point, 37 x 101
Number of altributes =5

Count=3737
Dimensions =time locus

Startindex=10

»  The StartIndex attribute allows us to order the file parts.

»  The references to the HDF files and data paths are
stored in the XML.

PartEndTime = 2015-07-20T00:23:46.398000+00:00
PartStartTime = 2015-07-20T00:23:45.678000+00:00

RawData (7608, 2)
32-bitfloating-point, 38 x 101
Number of altributes =5

Count=3838
Dimensions =time locus

PartEndTime = 2015-07-20T00:23:47.158000+00:00
PartStartTime = 2015-07-20T00:23:46.418000+00:00

Startindex = 37

<prodml:RawData>
<prodml:Dimensions>time</prodml:Dimensions>
<prodml:Dimensions>locus</prodml:Dimensions>
<prodml:RawDataArray xsi:type="eml:FloatExternalArray">
<eml:Values>
<eml:ExternalFileProxy xsi:type="prodml:DasExternalDatasetPart">

<eml:Count>3737</eml:Count>

PENERGISTICS =

<eml:PathInExternalFile>/Acquisition/Raw[@]/RawData</eml:PathInExternalFile>

<eml:StartIndex>0</eml:StartIndex>
<eml:EpcExternalPartReference>

<eml:ContentType>application/x-eml+xml;version=2.2;type=EpcExternalPartReference</eml:ContentType>

<eml:Title>HDF Proxy</eml:Title>

<eml:Uuid>01d69446-cda9-42f2-9afc-6b445f659alf</eml: Uuid>

</eml:EpcExternalPartReference>

<prodml:PartStartTime>2015-07-20T00:23:45.678000+00:00</prodml:PartStartTime>
<prodml:PartEndTime>2015-07-20T00:23:46.398000+00:00</prodml: PartEndTime>

</eml:ExternalFileProxy>
<eml:ExternalFileProxy xsi:type="prodml:DasExternalDatasetPart">

<eml:Count>3838</eml:Count>

<eml:PathInExternalFile>/Acquisition/Raw[@]/RawData</eml:PathInExternalFile>

<eml:StartIndex>37</eml:StartIndex>
<eml:EpcExternalPartReference>

<eml:ContentType>application/x-eml+xml;version=2.2;type=EpcExternalPartReference</eml:ContentType>

<eml:Title>HDF Proxy</eml:Title>

<eml:Uuid>cf@3ab49-bb@6-4b82-8617-0ca76783b8b9</eml:Uuid>

</eml:EpcExternalPartReference>

<prodml:PartStartTime>2015-07-20T00:23:46.418000+00:00</prodml:PartStartTime>
<prodml:PartEndTime>2015-07-20T00:23:47.158000+00:00</prodml: PartEndTime>

</eml:ExternalFileProxy>
</eml:Values>
</prodml:RawDataArray>
</prodml:RawData>



HDF5: A group only exists if there is a leaf dataset...except for “Custom’

PENERGISTICS =

calibrations.h5 gi, LocusDepthPoint at /Acquisition/FacilityCalibration[0)Calibration[0) [calibrations h5 in

¢ @ Acquisition Aol M

¢ @ FacilityCalibration[0]

e r » LocusDepthPoint is a full mapping
adilityCalibration Locusindex |OpticalPath...| FacilityLen... .
et R — from locus to optical paths and
% LocusDepthPoint 2 2 145 145 .
W (===t (T — T facility lengths.

W LocusDepthPoint at /Acquisition/FacilityCalibration[1)/Calibration[0} [calibrations.h5 in

Tove |l » This is an optional array.
| | _ z » Ifitis not included, none of its
Locusindex |OpticalPath...| FacilityLen...
0 5 30.0 4907 . .
1o 350 [as1e parent groups will be written to the
2 7 40.0 14.720763...
45. 19.
— 5 500 Dpas3iz0- HDF5.
5 10 55.0 29.441053...
6 11 60.0 34.347817 ..
7 12 65.0 39.254580...
8 13 70.0 44161344 .
9 14 75.0 49.068107...
10 15 80.0 53.974870...
11 16 85.0 58.881634...
4 il [» 12 17 90.0 63.788397...

Calibration[0] (7904, 2)

Group size =1

Number of attributes = 4
LastLocusToEndOfFiber = 12.43
LastLocusToEndOfFiberuom=m
Remark = ABC well 1
WellboreDatum = kelly bushing




HDF5 seems enough, why do we need EPC?

»

»

»

»

»

PENERGISTICS =

A lot of metadata cannot be presented in the HDF5 files, e.g. the configuration of
a fiber optical path network, metadata of a DAS instrument box etc.

Rules for the HDF5 files are documented in words, not in code (e.g. XSD
schema). Misinterpretations are still possible, leading to incompatibility between
writers and readers written by different parties.

HDF5 files cannot be validated without a custom made tool, whereas the XML
can be validated with the XSD schema.

If all writers supply EPC, readers can find all the referenced data arrays from the
EPC. The only HDF5 attribute it needs to read is the file uuid, for sanity check.

If all readers can read EPC, the writers only need to write the file’s uuid in the
HDFS.



Conclusion

PENERGISTICS =

» The experience from businesses who have adopted PRODML v2.0: It is a
little involved but perfectly workable once the standard is understood.

» PRODML v2.1 is built on top of v2.0 experience:

« Enhanced the documentation targeting the HDF5-first approach, e.g. clarified
certain rules on HDF5 attributes and data objects.

 Calibration data is reorganized.
« Fixed a number of schema and documentation bugs.

» Version 2.1 is now available for review (but intended as the release
shortly) and should be the target version for new adopters

» A previous business usage webinar is available at
https://youtu.be/HapbbPQvW5s



https://youtu.be/HapbbPQvW5s

