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1. Introduction 3. Methods 5. Results — Pre/Post X-ray Computed Tomography

Compressive residual stress . _ _ ., .
Centrifuge testing was performed on two mechanical “rock-matching Voxel size:

Partially-coupled, horizontal planes (preliminary comparison)  94.18 um
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grout columns with embedded chemical explosives in different seismic - T o R
coupling configurations, accelerometers, and strain indicators. ' 4 -—

Centrifuge test matrix at 100x normal Earth’s gravity or N = 100

Coupling Explosive Scaled explosive Foam chamber diam. Scaled cavity diameter
Fully 1 gram 1.0 metric ton TNT eq. NA NA
expansions stops Partially 1 gram 1.0 metric ton TNT eq. 2cm 2m

_ Cavity rebounds , _
cavity expands Rebound locks in compressive Energy scales as N3

(modified from OTA, 1989) residual stress around cavity R 60k & 200k g

Supporting CTH modeling of peak shock pressure on foam chamber/grout interface: 0.83 GPa
accelerometers (on top)

Fully-coupled, horizontal planes (preliminary comparison)

60k g accelerometer

Formation of a compressive residual stress cage around an explosively Columms : (embedded) Post  Pre-post
formed subsurface cavity acts to close fractures and contain debris, placed in = 200k g accelerometer 22.29 mm
fixture (embedded)

including liquids, gases, and particulates. We have developed a new
meso-scale geomechanics capability using an 8.84-m (29-ft) radius
centrifuge for physically simulating underground chemical explosions
and potential stress cage processes in scaled geologic models.

Chemical explosive:
1 gram TNT eq.

0.94 m explosive depth

Development g0ad s for this meso-scale ca pa bil ity: PRIMASHEET explosive peak shock pressure in contact with the grout ~20 GPa (Cooper, 1996)

* model size represents key domains of 3D real-world system

* high-strain rate dynamic events captured with real-time data
collection

* high-resolution pre/post X-ray CT comparison for rock deformation
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PRIMASHEET 1000 (63% PETN) shaped as a sphere, on gram partially- 3 | \‘ ( ‘
. . Prototype RP-2 detonator; 7,100 m/s det. velocity (EBAD, 2020) coupl_ed -2 |
2. Centrifuge Scaling (real world) | chemical )
1lg Progression of explosive
Ng spherical explosion 6
. . . in air per explosive | | |
Model Scaling: represent prototype with model ) desigr (not in foam] o ol . 1 . 2
Column/grout characterization: Time [ms]
. . . Sandia’s 8.84-m radius centrifuge (1.588-mm diameter) in grout — Test 1 - Chamber
’ ——Test 2 - No Chamber
N See Kuhlman and Heath, 2023, Scaling Containment e 7257 kg (16,000 Ib) max payload  * Standard lab .geomec.hanlcal s .l |
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! area %x% LxB ’ area L XB 4. Results — Material Properties of Grout Samples
-15 :
Yield and failure surfaces for ’ | Timl%'?ms]
L, 1 A, L2 1 v, L3 1 lLe ngth} area, and ‘ multiple stress paths performed
L_ — N A_ — L_Z — m = L_3 — m olume Sca/ing on grout plugs (from cast molds) :
P b I - Pore size distribution from 7. Conclusions, Impact, and Future Work
Fn  Mmgm MmNg, N 1 Force scales as N2 % mercury porosimetry  Demonstrated explosions at high g, X-ray CT for quantifying damage
3 2 o .
B Mpgp  Mpgp, N° N 5 1 (i.e., pore crush), and good return on accelerometer data
E, E,L 1 1 5 Accelerometer signal larger in partially-coupled configuration
i e e e > = — Energy scales as N3 3 e S 0600 . . g & . P Y P &
Ep KL, N°<-N N 5 --{Qr { shin Estimation of residual stress in progress
Explosive scaling: specific energy is constant; total energy is the product ) This year: test 2-gram fully/partially coupled columns at 100 & 225 g
of that with density and L°. Thus, one gram of explosives at 100 applied g 5w | ' ' il This capability has configurability, high-resolution characterization,
or N = 100, scales to 1,000,000 grams or one metric ton. Mioan Stess 4F°9) and reasonable economics to augment field campaigns
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