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INTEGRITY TECHNOLOGY

Focus:
- on Integrity in design work (especially In
material selection for wells)
Plus....

- on communication of real-time integrity
status of wells



www.intetech.com

Well Integrity: Setting the scene

What is the real meaning and focus of well integrity?
When does well integrity start in the well life cycle?
What is it worth to my business?

Can we really “control” well integrity?

Case Histories of IWIT software




Compare:

“Safety Awareness” is on the
Immediacy of the current activity
or potential scenarios (HAZID,
HAZOP...)

“Inteqgrity Awareness” is on a far
longer term, concerning the
sustainability of the equipment to
operate safely for the full design
life.




www.intetech.com

WELL INTEGRITY — From One Operator

“The design, construction, operation and
abandonment of the well so as to ensure
the flow of fluids through the design path to
(or from) the surface, to isolate, where
required, underground formations, and to
reduce the risk of uncontrolled releases to
as low as reasonably practicable (ALARP).”
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“SAFE FOR THE FULL LIFE CYCLE"

Start of well integrity
engineering is even
before design starts:

Cost
of Change

Define the minimum
iInformation needed
for the Basis of
Design.

Requirements  Analysis and Construction Testing Production
Design

I Tie >
-]
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"SAFE FOR THE FULL LIFE CYCLE"

Safe Operating Envelope comes from

the design and needs to be maintained
through the well life;

Can be established for all wells, even
mature assets; Its never too late to
Introduce Iintegrity management.




Safe Operating Envelope

Date of update data entry

Well Name

Well Schematic Attached

Yes

No

Well Type (Function)

Wellhead and Xmas tree

Yes

No

Reservoir Name

Future Well Function within
original design basis

Identify any leaking or failed
barrier components?

Additional Notes:

Original Completion Date

Latest Completion Date

Any limitation on acceptable kill
and completion fluids ?

requirements?

Well Design Life

Any special monitoring

Any other comments ?

Operational Limits for Tubing
(enter value or NA)

Long Short
String String

Min/Max | Min/Max

H2S (ppm)

CO2 (mol)

02 (ppb oxygen equivalent) [in
water injection]

Maximum Injection Pressure (psi)

GOR (SCF/bbl)

Water cut (%)

Resenoir Pressure (psi)

Resenoir Temperature (deg C)

MWHSITP (psi)

Maximum design production rate
oil (bpd)

Maximum design production/
injection rate gas (MSCFD)

Maximum design production/
injection rate water (bpd)

Gas lift rate (MSCFD)

ESP design rate (BFPD)

Operational Limits for Annuli

Annulus [ Annulus | Annulus

(enter value or NA) A B ©
MAASP (psi)
AOP/ MAWOP (psi)
Design MINAP (psi) (Gas lift wells)
Annulus | Annulus | Annulus Long Short
Fluids A B C String String

Fluid Type/cemented

Fluid Additives

Corrosion inhibitor (Req'd
Availability ?)

Scale Inhibitor
(continuous/intermittent)

Asphaltene inhibitor
(Cont./intermittent)

Bacteriocide/Biocide
(Cont./Intermitt)

pH control additive (Target pH)

Oxygen scavenger (Resid 02
concn?)

H2S scavenger (Resid H2S
concn?)

ERT
e 1338

T Liner Top

T Lirer

E' Op=n Haole

Pressure
Temperature

Fluid flow
rates

Composition
Chemicals

Corrosion
protection
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<= Sustained annulus pressure
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|ER

Conductor and Surface
casing corrosion

7" Liner Top

A

A 958"

7" Liner

6" Open Hole
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What does this all add up to?
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In mature fields,
approximately half of all
workovers are related to
WI problems.

Typically:
SAP,
Scaling,
Corrosion,
Failed SSSV/CL

Almost half of shut-in
wells are due to WI
problems.
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Failure
frequency !

Optimum

Age
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Failure
frequency

“Reality”

Age
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Cailire Well integrity
frequency Mmanagement
makes

economic sense

Age
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Can we manage Well Integrity?
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WIM System — WIM Software

Well integrity management system documentation
provides the framework for decision-making and the
organisational structure to support WI management.

Total control of well integrity requires software to be
Implemented with a sophisticated datahandling, data
analysis and communication capability.
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Intetech Well Integrity Toolkit (IWIT)

In  operation since 2006 with various operators
Internationally

Especially developed to meet the enormous challenge of

providing total well integrity control:

 Sustained annulus pressure, To date 15
- Wear/corrosion/erosion within the completion string, operations  have

« Casinda corrosion installed IWIT,
N9 ’ approaching 8000
+ Scaing, wells so far.

* Wellhead movement,

« Xmas tree and wellhead safety critical element (SCE) leaks,
* Management of all WI data,

e Scheduling of all WI tasks,

« Tracking repairs, dispensations, progress of well activities.
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Interfacing to other software systems:

_ ADM Honeywell
Across all the IWIT Avacet  IP21
Ava-Pi Maximo
_deployments, CDE OLS
Interfaces have CSD OMS
been made to 24 DBR Pl
] E— DISP PROSTY
different 3rd party DSS RIS
systems to retrieve ELG SAP
) EPDS STID
real time data. Finder  Synerg
HDR Wellview
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Monitoring the Safe Operating Envelope

I 104 Wells [ Most Recent Data 1(104 Well}

Gas Production Rate for Well 10 DIR(storage)



TOTAL WELL INTEGRITY CONTROL



Real time
user emaill
alerts




Reports
and
Proactive
data
analysis






Numbers of tubing sections up to
the indicated wall thickness loss.



Case History 1  iwimNotepad

Manual data

{—

SCADA system
———




Case History 1- Benefits

All AP data combined in one system from operations, well
integrity, 39 party contractor, SCADA system

Complete well design database accessible to everyone,;
used by about 280 (WI, drilling, reservoir engineers,
PESs, corrosion engineers) — “common knowledge”.

Customised reports, saving engineers time.

80% reduction in wells shut-in with integrity
problems after 2 years operation



Case History 2

Real time checkson T, P,
CO2, H2S, calculated water
pH, Chloride within safe
operational envelope for alloy
tubing.



Case History 2- Benefits

Continuous survelllance of a new field to ensure
tubulars are within their safe operating envelope
using real time data.

Added older field with wide ranging integrity iIssues,
task tracking and dispensation management are key




Case History 3

Integration of data
from multiple
sources drawing on
well design, WI tests,
operational data,
event logging,
flowline pressure
monitoring



Case History 3 - Benefits

Scale tracking and direct link to laboratory analysis
vastly improved the understanding of scale
Incidence, aiding In its treatment and prevention.

Microbial analyses are also now tracked centrally,
helping to identify the spread of species across
different wells and reservoir regions.



Case History 4

- Annulus pressure values compared to
individual annuli MAASP figures

- Failures of individual well component
leak tests breaching a single well
barrier

- Failures of combinations of well
components, indicative of dual barrier
failure

- Presence of high H2S in wells
associated with high leak rates



Case History 4 - Benefits

Automated risk ranking of wells

Corrosion analysis of tubing used to identify wells
needing to be batch inhibited

Monitoring of all annuli bleed-off events

Captured 30 years of well history: chemical
treatments, annuli diagnostic tests, SSSV,
wellhead and XT seals and valve tests and

reﬁlacements



Case History 5

Common WI management system across operations in 6
countries, with links to existing database systems.

Standardized reporting format across all assets.
Head office “views” all the wells internationally.



Case History 5 - Benefits

Reducing the number of wells shut-in because of
Integrity reasons, primarily through identifying well
problems proactively before they reached a condition
requiring shut-in.

A shift from the “fire-fighting” mode to “planning”
greatly reduces stress and improves work quality for
all.

In a time of skill shortage, optimum use of skilled
personnel across the globe



Case History 6

Tracking injected and produced
gas volumes is critical for this gas

storage operator, the largest in
Europe.

Established well design database
within iIWIT.



Case History 6 - Benefits

Manufacturer | Model 90% Confidence Limits Link
Fallure Lower MTTF yrs Upper
Camco BA-64" W@ 6.6 15.2 44 .4 Leak Test
Failures graph
Otis TK-6 7 14.2 18.3 22.7 Leak Test
Failures graph

Mean Time to Failure
(MTTF) analysis of
SSSVs will be used
to adjust testing
Intervals on a risk-
basis.



Case History 7

Interfaces were constructed to 12
software systems.

Tracking of well handover event includes
the IWIT software exporting the safe
operating envelope for handover from
operations to drilling and the updated
document being automatically re-read
Into the software from drilling.

Specific reporting templates were
created to meet the regulators
requirements,



Case History 7 - Benefits

Introducing the IWIT software has forced some
review of the legacy data systems ranging
from data auditing through to establishing new
schemas for data management in some cases.

The integrity of data within the company has
been strengthened as a consequence of
Introducing the IWIT software.



Conclusions

Consider the whole of well life cycle
Get it right from the start for new wells.....
...but its never too late to introduce WI management

Reducing WI problems saves workover costs and lost
production

Total control of well integrity is possible and brings $$$
and safety benefits

Many operators have benefited from the total well
Integrity control that IWIT software provides



