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ABB and Integrated Operations

© ABBAS, 2010

ABB Worldwide
Power and Automation technologies
About 120 000 employees
Represented in more than 100 countries

Integrated Operations (10)
Department in ABB, part of the Oil, Gas & Petrq
Based in Oslo, Norway
Focus areas:

Integrated Operations concepts
Tuning — production optimization
Operations and maintenance

Production Information Management Systems
Erosion Management

Client in this study: Statoil

Operational examples from Gullfaks and Statfjord licenses
(Used with permission).
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Motivation:

Help clients detect this damage:

© ABBAS, 2010
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Abstract — the challenge
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Changing the sand strategy:
Moving from Maximum Sand-Free Rate (MSFR)
to Acceptable Sand Rate (ASR).
Increased production -> Significant economical benefits.

However, with ASR comes erosion issues:
Sand erosion may damage chokes and pipelines.
To enable ASR, erosion must be managed on an individual well basis.
Note: ASR involves more than erosion management (see next slide).

The application Insight:
Provides effective online erosion management using a model-based approach.
Several operational cases successfully detecting erosion are presented.

Three goals:
Increased production, reduced maintenance costs and increased safety.
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Sand Management Strategy at Statoll
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Model-based Erosion Management (with Insight)
A part of the overall sand management strategy

ASR strategy also included:
Improved sand detection systems
More erosion resistent choke design
Improvements on separator jetting systems

The total ASR approach enabled some very good results

Basis for the ASR strategy:
Allow some sand production
Specific criterias for data from sand trap and sand detector
Allow a controlled erosion of the chokes
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The technology

© ABB AS, 2010

Detecting sand erosion in chokes with
multiple models and data sources:

Erosion models

Cv estimates and deviation trends
Sand rate measurements

Sand trap inspections

Choke inspections

Detecting sand erosion in pipelines with:
Erosion models

Erosion usually first seen in chokes
Focusing on choke erosion
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Benefits of an Erosion Management System (EMS)
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Problems without an EMS:
Sand production in mature fields may cause erosion of chokes

Erosion problems may result in loss of containment, production being
held back, and increased maintenance costs.

ldentified benefits with an EMS:

Erosion is identified on a single-well basis, allowing tailored erosion
limits and increased production in low risk wells

Enabling condition based maintenance — reduced costs

Increased safety, as conditions are trended and flagged.
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Statoil — pioneering Erosion Management usage

A Fortune 50 integrated oil and gas

company based in Norway.

The leading operator on the Norwegian

continental shelf.
An expanding international company.

Pioneering the use of Erosion Management for production

optimization and maintenance planning:
2001: Insight installed at Gullfaks as pilot (total of 90 wells)

2003: Insight extended to Statfjord (total of 180 wells)
2005: Insight extended to GF+SF subsea wells (total of 240 wells)

2007 - 2010: Increased functionality, training sessions, workshops
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Statolil references

Best R&D project:

Pilot study awarded Statoil prize for most successful R&D
project in 2001.

Gullfaks and Statfjord - increased production:

Statoil reported in SPE 94511.: It is estimated that during 2004
1,9 mill. bbl oil (Statfjord) and 3,6 mill. bbl (Gullfaks) was added

after adaption of upgraded sand management strategy (that
Included Insight)
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Erosion examples
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Choke erosion (MOV)
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Erosion Management System Functionality

Analysis Online help Status and alarms
(wells etc. )
Trending
(Increasing Cv
Configuration difference _
\ shows erosion)
Event log QA of
welltest data/
allocation
Panel
selection
tree

Choke changes Well tests
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ldentifying wells with erosion issues (1)
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Overview — Cv difference and pressure drop over choke
Criteria: Cv-diff > 7 and pressure drop > 10 bar => Consider inspection
Note: These are normal operating conditions — controlled choke erosion is allowed.
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ldentifying wells with erosion issues (2)
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Visualize criteria status in tree:

Switch between multiple criterias: Erosion Speed, Accumulated Erosion, Cv
difference, Flow Speed, Pressure Drop, Choke Operation...

Drill down to erosion node causing the alarm.

Access online operations guidelines for advice.
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Online and offline operation
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The normal mode is online operation:
The data source is the production database available, automated operation.
Erosion and Cv-models can also be run offline:

Useful for analysis purposes.
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Case Study I Statfjord Well SFC-39 (topside)
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The system can detect erosion in three independent ways:

1. Choke erosion model (DNV)
Using fixed sand rate input (assumed worst case)
Calculates choke outlet erosion

2. Cv calculation
Trend analysis of actual Cv difference
Monitors choke disk erosion

3.  Sand rate measurements
Intervals above sand limit

2010-03-11 Knut Hovda
16




1. Erosion model — only minor erosion indication

Erosion rate for choke outlet (green curve, upper plot) is well below critical limit.
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2. Cv trend Indicates erosion
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Cv difference for well tests (green curve) shows increasing trend, indicating erosion.
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3. Sand rate measurements — sand Is present
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Sand rate measurements indicate sand bursts at well startup, confirming that sand
Is present and that the erosion indicated by the Cv difference trend is probable.
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Additional erosion indicator: Sandtrap data

Sandtrap data is consistent with Cv and sand rate, further confirming results.
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Result: Actual eroded choke at SFC-39
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Choke inspection in December 2006 confirmed erosion, and the choke was
replaced.
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Case Study Il: SFA-22A (topside)
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Cv difference for well tests (green curve) shows increasing trend, indicating erosion.
Difference drops after choke change in July 2007.
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SFA-22A - Inspection results
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Choke in SFA-22A well
Inspected July 2007 based on Insight recommendations (Cv trend)
Inspection shows erosion damage
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Case study lll — Gullfaks: Controlled choke erosion

ASR strategy:
Allows some sand production, and allows controlled erosion of chokes.
Trade-off: Production increase vs maintenance costs

Example: Gullfaks well in the period 2003 — 2007:

Cv-difference "sawtooth” pattern (green curve) matching choke change dates
(blue dots).
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Additional Cv-examples (Gullfaks)

o
2 2010-03-11  Knut Hovda

25




Additional Cv-examples (Gullfaks) (2)




Choke opening effects erosion damage
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As expected, the eroded chokes are often the ones operated with a low choke opening

Example: Cv-difference (red) vs choke opening (blue)
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Choke selection and operation
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Choke type (size) selection determines choke opening in operation

Selection is supported through visualization of operating conditions
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Case Study IV: Subsea challenges
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Differences compared to topside wells:

Different choke types — not MOV but Kent Introl
Using different, more generic choke models
Much more difficult to replace choke,

change choke type etc.

More uncertain well test results

Fewer sensors, e.g. for pressure.

Pressure downstream choke calculated with
Prosper (SF)

In theory, main concepts still apply:

Use independent erosion indicators to detect erosion

Use these results to control production to reduce erosion

But keep in mind the uncertainties!
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Subsea case - illustrates general issues
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Analysis is harder for subsea wells

No choke inspection results exist, so erosion results have not been
verified in this case.

Different chokes types — uncertainties in Cv models.

Additional uncertainties related to data quality and availability.

This demonstrates that any model-based approach requires:
Models (for Cv and erosion) that are tuned to choke type
Input data availability and quality
Inspection results to verify model results

Work is ongoing...
Too early to conclude wrt. subsea

Will build more experience from operation
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Example: Gullfaks I-0O1AH (subsea)
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- Similar increasing Cv difference trend
- Fewer well tests — trending also based on allocated rates

2010-03-11  Knut Hovda - No inspection results — Cv results not verified
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