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Overview

Cementitious materials play important roles in subsurface engineering applications as structural support for
excavations, engineered barriers, and subsurface seal materials.
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Components 1) Complex and dynamic subsurface geochemistry and geomechanics

2) Multi-scale and coupled processes (i.e., combinations of thermal, chemical, mechanical, hydrologic processes)
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PFLOTRAN reactive transport simulations:

» Full saturation PFLOTRAN Benchmark Comparison
« Diffusion only . ! @ rromman ot e
 |sothermal . ! |
» Kinetic rate & equilibrium scenarios &
Comparison with parameters & results from multicomponent | e
reactive transport between cement - clay rock (Marty et al. | :
2015) N ! » Leaching of cement-granite
» Comparison of species concentration with distance ...|Cement | Clay Rock interface under triaxial stress
profiles across 1-D domain Plug : conditions
» Effective diffusivities defined for each medium | » Confining pressure ~13.
« Effects of cement/mineral phase kinetic rate law | / ' 1000 years » Axial load ~16.8 Mpa T -
WIPP Facility and Stratigraphic Sequence parameters Interface " * PH 3 HCl leachate flowed
« Phase volume fraction & transport parameter sensitivities 2 : | through cement-granite Y
SALTSTORAGEPLES  ALTHANDUNG  SUPBORY BULDING Preliminary Results ! I aperture *‘ d ,, i -
AIR INTAKE SHAFT ___,_\\.---__s_ﬁf”__ EXHALST SHAET — » Good agreement on pH predictions at 1000 years *5 T RIS ; » Ultrasonics and microCT s SR SRR [ T e e
St = 2 el » Still working on comparisons with other chemical used to characterize the | ‘ " B
' E - ewer iaxe components interface o
PANELS 2-8 i H
NOT YET EXCAVATED mm @
REPOSITORY
A Albotran - A Code to Couple Solid Mechanics and Reactive | Field Test of Cementitious Seals: Recipes for Emplaced Plugs ‘
e Transport/Flow
I L L Sorel Cement D4 (5-1-8 phase) Salt Concrete I
‘ : oo > Proportions similar to Popp et al. 2018 * Followed recipe from Muller-Hoppe et al. 2010
. Cugpllng of two open-source : } + Density = 2240 kg/m? (LAVA2)
codes : : * , .
« PFLOTRAN , h I | Desmd fast setting , = Ground Blast Furnace Slag I
« Reactive flow P aluator ] :; > Used MgO currently emplaced with waste at WIPP
. Albany . e Crusbiod and seved <75 am » Aggregate: Run of mine WIPP salt <4 mm grain size
* 20ud Mechanics " coping | 7 i ° reactivity = 272 s = Impurities affected mixture
¢ ngurpus testing of coupling - T ° Aggregate: Run of mine WIPP salt <4 mm grain size = Required to be mixed in glove box
algorithm
» Terzhagi consolidation
prUBlem as a test case ol - - e gy by~ Sorel D4 | Compositi Salt Concrete | Composition
» Expanding into more relevant NS : 3500000 on (mass- (mass-%)
cement leaching problems saso000{ | \ %) Saturated 14.7
, ! 5MMgCl, 183 NaCl q
: ) : zjmﬂ' : < 75um 18.3 Blast Furnace 28.4 I
0.2] = . : ::g:ggé - - ‘ MQO Slag
o e?n 02 : k nf:- — 06 0.8 H H H z P! : Salt 63 "4 Salt 56'9 s
e ] Aggregate Aggregate H

Side Profile View of Cement Seal Borehole

Summary:
: . * Subsurface engineering demands computational tools that can represent multi-scale and coupled phenomena, with accuracy
orehole diameter: 4.8 inches (~12 cm)

Cement Plug Length: ~1 ft (~0.3 m) each an d effl Cle n Cy
* These tools need to be integrated with and validated against bench-top and field-scale experimental tests

Overall Borehole length: 8 ft (2.4 m)
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