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Problem: Seals are guardians of conduits that Albany/PFLOTRAN Integration to Couple Solid Mechanics
pass through stratigraphy. When a seal fails and Reactive Transport
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PFLOTRAN model evaluators
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Goals and Technical Approach: Benchtop Flow Experiments to Expose Cement and
Geomaterial Samples to In Situ Subsurface Conditions

The overarching technical goal for this project is to develop
fundamental understanding of cement-geomaterial + Cement leaching experiments coupled with

. . . ] ultrasonic techniques to measure cement
interfaces via an experimental and modeling study that degradation (top right image)

* Cement-geomaterial flow-through experiment at

incorporates chemo-mechanical coupling at high- =Nl s i
temperature, high-pressure conditions. s i)

e Adanced analytical methods to characterize
cement-geomaterial interfaces, including micro-

Ob[@Ctl VES . XRF of FEBEX shotcrete-clay interface (below), and

high-throughput multi-beam Scanning Electron

nnnnnnnnnnnnnnn

1) Characterize the chemistry and physics of cement- Microcroscopy (mSEM) Mapping of Interface Pore

(e il Structure

gEOmate rial interfaces « Nano-indentation to characterization to measure
— mechanical properties of degraded cement matrix

2) Develop modeling capability for coupled chemo-
mechanics

3) Develop and evaluate next-generation seal repair
materials suitable for the expected shaft/wellbore
environments

Mechanical Testing/ Seal Repair Material Design

* Bond Strength testing of cement/shale interface (bottom three

Significance of Results:
° : | images)
@ TEXAS Geosciences * Greatly advance our fundamental understanding of . Develapment and testing of 2 new polymeric seal repalr materil
‘#, - interface failure, rate dependenCieS Of these ( that out;)erforms. convfentic;nall 7e§I rzepair matir;a}i)— Patent filing in
-Bu'm .EMIO"IIC GW . ] ] ; process (comparison of materials in 2 images at left).
Jackson School of Geosciences processes, and coupled chemo-mechanics at in situ Integrated testing of cement-shale and cement-steel specimens with
The University of Texas at Austin . different size microannulus cracks repaired using polymer
subsurface conditions nanocomposites.

. . « 4 Durability testing of polymer-nanocomposite repair materials under
EXperl menta I ly Va Ildatedl mOdEI-based prEd ICtive brine and chemical exposure with high temperature and pressure.
capa b|||ty app|icab|e to |arge domains and Preliminary testing of sensors embedded in cement (in
ong time scales
Fit-for-purpose seal materials with IP potential and
nigh-utility for subsurface environments

collaboration with UT-Austin BEG partners).
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PFLOTRAN for Reactive Transport Modeling of Cement-
Geomaterial Interfaces Summary:

Schematic representation of modeled domain 1D reactive-transport PFLOTRAN ° 1D reactive tra NSPO rt modelli ng of cement-
simulations: geomaterial interfaces
e Simulate development of reaction . .
front between cement and EXperlmentS tO Complement reaCtlve tra nSpOrt
Interfacing materials Experiments to characterize cement degradation and
* 3 material domains: clay/bentonite,

S degradation at cement-geomaterial interface
Preliminary Results

Reaction front + 3 distinct pore solution chemistries Advanced characterization to characterize chemical
N

- | > e el A Db cenmpesliem and mechanical alteration of cement-geomaterial

Clay Cement Argillite Rock Clay Cement ‘ Argillite Rock portlandite, CSH(1.6), calcite, and .
ettringite interfaces

t= lwar Arrows denote t=EDDyears

recnon s  Focus on reactivity at interfaces and Interface testing of cement-geomaterial bond, bond

front migration s reaction front migration

Next > Interrogate simulation strength testing of novel seal repair materials
H H results: Joint Technical Advance filed by SNL/UNM teams: Fit-

* Pore solution chemistry

= year 600 years for-purpose Methyl Methacrylate Nanocomposites

e Secondary phases

.+ Influence on porosity (MMNC) for Wellbore Seal Repair and Integrity.
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