WELL PLUGGING AND ABANDONMENT

SPE Aberdeen Well Abandonment 2019
26-27 June
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Myth busting

e Bismuth plugs exist (not really true, but bismuth
alloy/ steel composites do, the alloy being the
matrix...)

e Bismuth plugs threaten cement (not given the
global production of only 10,000 tonnes per
annum)

Dunning-Kruger effect: “The skills you need to produce a right answer are exactly
the skills you need to recognize what a right answer is.”
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Understanding volumetric expansion

Volume [ml ]
_

Bismuth volume change @ 250 Bar
Temperature (decrease) versus Displacement
¢ Displacement (ml)
——Poly. (Series3)
y==3E-05x2+0,0003x+1:2678 ——Poly. (Series2)
y = -6E-05x?+ 0.012x - 0.0104
Transition temperature range
upon volumetric expansion
200 220 240 260 280 300 320

Temperature [deg C ]
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A World first: Proof of concept, 2010

A successful deployment and
pressure test...

..but six months later there
was a failure.

Why?
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Cause of Failure

It turned out to be the casing. But in the process of
understanding the failure, alloy creep & deployment
temperature had to be investigated, researched and
understood...

n englneerlng

Rawwater Engin g part of the Rawwater Group



Alloy development programme logic

Cast of test specimens across a e [ s
range of compositions and test _Creep
- Corrosion Evidence missing
Yes \ Document for
Does evidence further literature
suggest a positive review
impact? \
Document and
Identify element No explain
Yes Review and
Does it have record the
documented documentation
evidence for
alloying with
bismuth? Record and explain - .
No suggestion for later \“\‘ englneerlng
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Materials qualification:
Structural vs non-structural Alloys

‘Hardened’, before and after creep test Bi:Sn eutectic
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Plug Technology Qualification Testing

e Structural bismuth alloys have zero permeability

* Potentially high contact load against casing and
rock: good seal

* Potential to resist high differential pressure
e Generally corrosion resistant
* Long term integrity
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Workshop trials

Environment heaters

 Mandrel, alloy and casing
thermocouples

 Multiple mandrel and casing
strain gauges

* Air and pressure casting

p———

£4, 000,000 investment to date
(including Nuclear and Defence)
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Input to Predictive Models

Well and Plug
Design

Material

Qualification
Tests

INPUTS

Materials database
Q-FMECA qualification test
data, existing
published data

Slide layout courtesy of Astrimar

Workshop Predictive
LI{ELS Model
> INPUTS > MODEL
Plug and Well data Predictive models
Well condition, integrate accepted
annulus plug design, theory with material,
well design workshop test and

well specific data
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Next Steps

* Deployment and monitoring of 3000 yr plug

Any Questions?

For further information, contact:

lee.billingham @rawwater.com A \\\\ englneerlng

bob.eden@rawwater.com
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