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Introduction and Project Goals Forecasting Models and Hindcasts

We seek to create codes that can forecast laboratory brittle failure events in real-time using Synthetic Volcano- 0 ' ' ' ' 1000
precursory signals such as accelerations in strain-rate and acoustic emissions (AE) events. These tectonic (VT) earthquake
sighals follow power-law spatial, temporal, and size distributions leading to catastrophic failure (Bell et data was created using a “r 1
al., 2011a,b; Brantut et al., 2013). This distribution can be modeled using Voight's relation [1988] of a poisson generator and 2 )
geophysical precursor, Q, to its rate for constant temperature and stress. When adjusting constants thinning process using a %30' [ 2
for real earth conditions the relation takes the form of a power-law increase in precursory signals with inverse Omori rate. § E
time: JO , Voight's relation was 27 [ &
E = K(tf — t) fitted to the data using a ol .
BFGS optimization
This behavior is seen in the real earth before volcanic eruptions, laboratory deformation experiments, method to solve for TR O
and occasionally earthquakes (Heap et al., 20093,b; Bell et al., 2011a,b; Bouchon et al., 2013). The system parameters ’ 0 Py 0 0%
solution to Voight’s relation is a singularity, commonly interpreted as failure time. Thus, modeling including failure time. e ) e e e oty T
these precursors is believed to be the key to failure forecasting. This has been applied retrospectively
. . . . log likelihood values in parameter space
to volcanic-tectonic earthquake and laboratory failure data to create ‘hindcasts’ (Bell et al., 2011a,b). 100 300
However, this method faces issues when switching to real-time application: it has a retrospective bias 0 Figure 3. (Left) Log likelihood contour
(we know an event actually happened) and cannot adapt to false positive event triggers in real-time. 80 e et vt from s our
We apply Voight’s relation retrospectively to synthetic earthquake and real laboratory data. We | ... ‘;er‘if]zsu‘;rl‘fe r;‘:::‘;:otv‘zrfylgtgzzfe"f
explore additional forecasting techniques to adjust for real-time use. Our ultimate objective is to sl The parameter inputs (true values) for
create a forecasting model that can be applied to real-time laboratory failure events that may or E 17900 55;?5’";%”;;‘357333;,3 mif};’." P
may not actually happen. ‘L L e
—-1500
Laboratory set-up and Experiments x
The rock deformation laboratory in the Grant B ; -
Institute consists of a triaxial hydraulic > value

deformation rig capable of conducting constant
strain rate and constant load experiments with
a ram capable of producing 10 tons of pressure
(Image 1). We chose sandstone samples due to
their strong heterogeneity, making them highly
susceptible to microcracking and ideal for
monitoring AEs. Samples are cored, thoroughly |
cleaned and sonicated before being loaded into e —
the metal chamber (Image 2) and filled with Image 2. Metal chamber mounted on (SR % ey,
fluid to maintain pore pressure. Piezoelectric e i HBT untts running paralle N ™
transducers are placed above and below the
sample to monitor AE events and perform
velocity surveys (Image 3). The AE sensors are
connected to Richter and Cecchi Trigger Hit
Count units in order to combine whole
waveform real-time data and triggered event

Error analysis as prior knowledge

Image 3. AE sensors, alone (left) and in
a metal casing for the ram stack (right)

Forecast failure time

data for monitoring. LVDT units are placed next ‘
to the sample.and connecteql by a metal plate mage 4. 38mm Giameter. Somm tal e i 400 L | | | | | | |
to measure minute changes in length to sandstone cores after deformation Iy ) | 03 04 05 06 07 08 09 1.0
g g = ! \ *
monitor deformation and changes in strain " ) N Fraction of sequence mage from Bell et al. 2011
rate. The sample is loaded at a constant rate Image 1. Triaxial hydraulic deformation rig
|f I | A with oil flow control panel and chamber . o o
until failure (Image 4). Real-time Coda Wave Interferometry to minimize false positives?
Stress-strain curve for deformation test 1 P(Ald) = P(Ald, CWI)
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Figure 1. Stress-strain curve for [ T T Y I T T 1
sandstone deformation test 1. 0.001 —
Effective pressure was set to - -
30MPa and a constant strain rate . 0 .
a : -().02 _ -

of 1.0E-5 s'%-. Comparing many of -0.001 aad
these curves along with AE energy L ! l \ l ! | ! |
with time will allow us to adjust 0.086 0.087 ().088 0.089 0.09

-0.2 1.8 forecasting methods based on the 20.03 - .
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| up to failure 0 0.05 0.1 0.15
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