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Fiber Optic Sensing & Deployment
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Introduction to Fiber Optic Sensing
FO MEARURING STEPS

. Inferrogation box generated a light pulse that iravels down
the fiber at the speed of light in glass
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FO Placement & Deployment

Examples of FO Deployment and Data Acquisiion Modes

Formapen o

SPE RO Workshop 201

® FO can be deployed in many different ways

- Permanent

- Behind casing or outside fubi

| interrogotio

Conlinuous or episodo

- Temporary (logging)

Wireline or coil tubing,

® FO placement is also important

= Cerlain applicotions require a porticular

o - |l type of fiber placement [for example

o g cemented behind casing deploymiont ore
- R required for froc diagnostics)
ohee e i

~ The quality of deployment can impact

F r W interpretation (for example: observed

: variation in thermal coupling for FO
o o deployed behind casing can made DTS

during HFS “noisy” ). Sierra . ef. al
2008 (SPE 116182)
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Applications
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FO Applications ( One FO Installation — Many Applications )

Geophysied Vartisd Sosis Profling: OAS.
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FO Seismic Annplications

= Koelman J M.Y.A. ef. al. 2011 (SPE 150203) FO
Geaphysical Applications (V5P from DAS):
~ Comparison geophones; DAS and logs. D
clearly show first arrival and reflections
similarity between log, geophones and DA
recorded velacifies

good

m Webster P. et. ol. 2013 [SEG-2103-0182)
Micraseismic from DAS:
~ Comparisan of microssismic event recordsd via
DAS (grey background
wiggles)

e geophones (red

Although DAS measurement might not reach the
sensitivity and fidelity of stote-of-art geophones,
the low cost, simplicity and non-intrusiveness of
FO “fit-for-purpose” geophysical application
may still play important role in well reservoirs
surveillance
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FO Productlon Profiling Applications (Understanding Flow)

AT Gt oo

= DAS ond DTS can be evaluated to
determine production at the stage and PC
level for single phase gas flow
- DTS vs PLT comparison (Upper lefi
— DAS vs PIT cor (Lower lef)
u Although not identical FO resuls are
comparable

= von der Horst J. et. ol. 2013 (ICPT 16873)
FO production profiling advantages:
= Mo subsequ
o collect \I. d:

infervention is raquired

- FO allows to observed pro
wausly and survey th

Application into Frac Diagnostics

PE Web Events

FO (DAS & DTS) Intemretation Basics: Hvdraulic Fra  cturing
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DAS
Distributed Acoustic Sensing

DAS
Basponsa during HFS
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DTS Movie
(vertical well)
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Horizontal Well Stimulation Diagnostics - SPE 118831

Barnett Shale Horizontal Instrumentation
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DTS Movie
(Horizontal well
SPE 118831)
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OF DTS Characterizes Stimulation Domain Variability
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= Molencar M. et. al. (2013) SPE 164030

~ Integration of DAS, DTS and HFS treatment data allow for o detoil analysis of the
stoge and perforation clusters results en o CPnP Limited Eniry completion in a
harizontal well

E Web Events

Stage lsolation Assesimert using DAS & BTS

Isolefirn,

Stage olation Assessment using DTS

T

DA (High Frequency Range)

E Web Events
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FO Frac Diagnostics: Frac Technology Trials (Divers
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(DAS-Proppant Allocation and MSM)

Integrated Frac Diagnostics
| = Molenaoret. al. (2013) SPE164030

DAS Calculated % Sand Placement
— Using proprietary algorithms fluid and
proppant can be allocated to each

perforation

= Integration DAS and MSM allows a more
detail interpretation of the fracs
= Similor non-uniform distribution can be
observed from DAS ond MSM

= Non-uniform distribution can have a
negative impact on recovery and well

spacing
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fractured

Map View

Depth (1)

Geophone array
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Optic Fiber — DTS for Disposal Containment Diagnosti  cs
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Integrated Frac Diagnostics (Approach)
CHlogs
(Production Logs] HES Treatment
/ Perforctions
DAS / DTS
ﬁ {ProductionProfling) s a
Fnlegmied 2
£ W F Pocker, Casings and T
T o Microseismic sy L = otherTubulars L %
g Diagnostics
g §
= TrocedProppant _agr oH
a (RA and NRT) [Euhur‘mll;s:ﬂipﬁenl
DAS /DIS / CHlogs
L HFS) (Gement Bond Logs) J
» Different diagnostics are complementary
~ Different resolutions
~ Encble us to undertand different parts of HFS treatment
= Di i be interpreted within context of other information
- Datalntegration s essential
e i68a03 45
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Integrated Frac Diagnostics Display (TGS, Vert, Stage 8)

Context
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Integrated Frac Diagnostics and Modeling (TGS, Vert, Stage 15)
e N.:M:.,i?»*dwb&l cd\&t{lbdd

O
furng]]
i

#7—> SPE Web Events

Durability & Survivability
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FO Failures — Onshore Installations

8 Cparoion

Kote Bateman et.al, (2013) SPE 167211-M$
Large dataset (35 instollations since 2005)
o

ed informafion

hydroulic fracturing

vived fo gather production data

Four downhole foilures modes:
o

1o Depth / Ori
; Operctions

fing Perforating &

rtical wells

touks and developments best

preclices can minimized risk significanily

i U s HF Operations
i L = Cnly in horizontal wel

~ Erosion is tha oot cause of most failures during HF ops

Labaratory Tests

= Eresion risk

Adherence estoblished proceduras and best practices
has helped to reduce the ris

~ Failure during HF ops remains o concetn
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Data Challenges
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Data Volume & Storage
Koelman J. etal. (2011) IPTC 14629-MS

Explained the challenges associated with
permeant surveillance and distributed
sensing in particular (DxS)

@
[]

oo - Trendline of doubling data rates every

TS 1.5 years (a hundred-fold increase
every 10 years)

MBrd
RECS - DxS application can generate TB/d

ket I ~ Compounded by several applications
generating data some times
o simultaneously from the same FO
deployment
#rc 1z
= What fo do:

~ Dota reduction and effective exception-
based surveillance is the key.

- Store "event-rich” data only
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Data Handling & Interpretation
® Dato Handling

ation today s
ally designed for

handling FO data

- Integration requires moving data across muliiple
apphications and the obilty of co-diéplay
relevant raw and interpreted data

s Data Interpretation
the-shelf” solutions
essential)

~ There is no "
[perseveran

- Interpretation requires a multifunctienal and

mulicisplinary approach,

= Need fo establish and implement workflows,
standards and best proctices.

- Need o identify, modify or davelop systems and
software for the transmissien, storage, display,
interpratation and integration of FO data.
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Closing Remarks & References
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Closing Remarks

m Many FO applications already exist & new ones are being developed
— Near Wellbore Stimulation Distribution
+ Completion Effectiveness, incl’ Limited Entry Evaluation
« Stage Isolation & Communication Evaluation
« Overflush Evaluation
— Production Inflow Profiling
— Strain / Compaction Monitoring
— MicroSeismic from DAS: Far-Field Geometry Characterization
— Far-Field Interference Diagnostics via Intersection with Fiber
— Disposal Well Diagnostics — Enables License to Operate

m Complementary Value from Integration with other Diagnostic Methods

m FO has potential for broader application within O&G industry but many
challenges remain
— Application Cost and Durability
— Data Handling and storage
— Interpretation and Integration are Still Evolving

m Industry collaboration is essential
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