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SUMMARY

Continuous near-surface seismic monitoring is a crucial tool
for surveillance of the surface changes due to natural and man-
made events. However the cost of the conventional continuous
seismic monitoring methods limit its widespread applications.
Surface distributed acoustic sensing (DAS), as a recent de-
veloped seismic surveillance technology, provides a low-cost,
non-intrusive and high-resolution method for continuous near-
surface monitoring. We use the quarry blasts data recorded
by the "Stanford DAS Array" to evaluate the feasibility of
the surface DAS array to monitor the manmade near-surface
changes. We apply data processing and seismic interferome-
try analysis to this data and extract the near-surface velocity
information around a basement construction site. Our results
show good temporal and spatial correspondence between the
velocity changes and the basement constructions, supporting
the feasibility for monitoring despite strong construction noise.

INTRODUCTION

The top tens meters of the Earth’s subsurface provides the
foundation that supports our modern infrastructure. The near-
surface changes due to natural or man-made events may lead
to hazardous conditions, like ground subsidence or sinkholes.
Many such subsurface changes develop gradually over a period
of years before catastrophic collapse occur. The geophysical
prospecting using electric, electromagnetic and gravitational
methods is applied to subsurface imaging. However challenges
of resolution, illumination and penetration make these meth-
ods hard to provide a holistic solution for underground struc-
tural mapping and monitoring.

As many near-surface activities can cause subsurface veloc-
ity changes, seismic monitoring has the potential to provide
early warning of the near-surface hazards. In order to monitor
the near-surface changes, an e ective continuous seismic data
acquisition system is required to implement the measurement
with su cient spatial and temporal resolution. Unfortunately,
the deployment of such continuous operation with dense sen-
sor arrays is rarely feasible for the conventional sensor such
as geophone, whose long-term costs are prohibitively high and
the battery life is short. Recent advances in distributed acoustic
sensing (DAS) that uses the low-cost and low-maintenance op-
tical fibers have shone a light on the seismic continuous moni-
toring. It is promising as it replaces the sparse geophones with
cables of the optical fibers and measures strain changes at all
points along the optical fibre at seismic frequencies. In con-
trast to conventional seismic acquisition array which consists
of spatially-discrete geophones, DAS array allows simultane-

ous acquisition of thousands of sensing channels at sub-meter
channel spacing, and it generates a densely dataset (Parker
etal., 2014).

In the past few years, DAS has been a rapidly evolving tech-
nique for acquiring vertical seismic profiles (VSP) (Parker et al.,
2014; Willis et al., 2016) in the oil and gas industry. The suc-
cessful applications of the DAS VSP technology include the
surveillance of hydraulic fracturing characterization for the un-
conventional oil and gas production, time-lapse monitoring of
the movement of reservoirs fluids from production and CO2 in-
jection. Recently, DAS is finding increased application in sur-
face monitoring. Several surface DAS arrays experiments have
been implemented to test the usability of earthquake wave-
field observation (Biondi et al., 2017; Lindsey et al., 2017)
and ambient-noise based subsurface velocity estimation (Dou
etal., 2017).

Here we use the quarry blasts data recorded by the "Stanford
DAS Array" to analyze the feasibility of the surface DAS ar-
ray for surveillance of the near-surface changes. The "Stan-
ford DAS Array"(Yuan et al., 2017; Biondi et al., 2017; Martin
et al., 2017a) recorded various of events (tra ¢ noise, quarry
blasts and earthquakes) since September 2016. Although it is
demonstrated that the DAS sensors can provide reliable acous-
tic and elastic measurements, the shortcomings of the surface
DAS array can also be find from this experiment: (1) strong
noise in the urban environment contaminates the recorded DAS
data; (2) the limitations of to record events with particle mo-
tion orthogonal to the DAS fiber cable (Biondi et al., 2017).

The artificial blasts from a vicinal quarry provides repeated
sources for our analysis of the "Stanford DAS Array" data.
However, since each blast is excited with di erent explosive
energy and at di erent positions, the source wavelets of each
quarry blasts wavefield are highly inconsistent. The seismic in-
terferometry is often applied to the ambient noise data for elim-
inating source wavelet and obtaining surface information. The
idea of seismic interferometry, also known as virtual source
imaging, was first proposed by Claerbout (1968), and later
proved theoretically by Wapenaar and Fokkema (2004). This
technique is based on correlation of waveforms recorded at dif-
ferent receivers. The recorded waves may be generated by a
superposition of active sources, or might be excited by inco-
herent noise. This technique is valuable as it makes possible
the study of the waves that propagate between receivers, with-
out needing a source at one of the receiver locations.

To implement this feasibility study, we first introduce the "Stan-
ford DAS Array" data. Then we eliminate the source wavelet
imprint by applying the normalized seismic interferometry to
the DAS array data. We extracted the phase information of
the surface wave. Finally, we analyze quarry blasts DAS data
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around the beginning of the basement’s constructions and show
the detected near surface changes caused by the constructions.

THE STANFORD DAS ARRAY AND QUARRY BLASTS
DATA

In this experiment, we analyze the quarry blasts data recorded
by the "Stanford DAS Array"(Biondi et al., 2017). Figure 1
shows the quarry’s location and the layout of the DAS array.
The fiber optic cable is laid loosely in an air-filled PVC con-
duit (10 15 cm wide), thus the coupling between the fiber
cable and the surrounding rocks relies exclusively on gravity
and friction. OptaSense ODH-3 interrogator unit is used to
record the data continuously since August 2016. The data we
used here for near-surface monitoring are the passive mode
data with the 25 Hz Nyquist rate. More details about the array
design, geometry and experiments setup of this DAS array can
be find from Biondi et al. (2017), Martin et al. (2017b) and
Yuan et al. (2017).

Figure 1: Quarry location(left) and layout of the DAS array
(right). Right-side map shows the path of DAS array with the
corner points marked and labeled with the corresponding chan-
nel numbers. Dash-line box A indicates the location of the
basement under constructions. Dash-line box B indicates the
constructions site at the Via Ortega South. The blue dot indi-
cates the location of the virtual source.

The quarry is located in 13:3 km to the southeast of the DAS
array (Figure 1). The events generated by the blasts of the
quarry can be observed in the DAS data. We will use this
quarry blasts data to monitoring the surface change caused
by basement constructions. Dash-line box A shown in Fig-
ure 1 indicates the location of the basement, which has begun
to build in the fall of 2016. Biondi et al. (2017) shows the re-
peatable patterns from quarry blasts, which provide us an foun-
dation for using these data for surface monitoring. We select
two quarry blast events recorded at 2016/10/12 and 2016/11/15
before and after the beginning of the basement construction.
Figure 2 and Figure 3 show these data and their spectra after
a0:25 2:5Hz bandpass filtering and a FK filtering. As we
can see, the quarry blasts DAS data is mainly the surface wave,
whose energy focuses on the low frequency and low wavenum-
ber band. Although these quarry blasts data show certain re-
peatability in time domain, their FK spectra are quite di erent.
Compared with the data in Figure 2, Figure 3 shows a noisier
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Figure 2: Quarry blasts data of 2016/10/12:(a) data after a
0:25  2:5Hz bandpass filtering and a FK filtering, (b) the
FK spectra.
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Figure 3: Quarry blasts data of 2016/11/12:(a) data after a
0:25  2:5Hz bandpass filtering and a FK filtering, (b) the
FK spectra.

ambient environment. High amplitude pump noise can be ob-
served due to the construction and tra c activities around the
site. These strong noise make it a challenging task to compare
the observed quarry blasts directly from the data. Here we use
seismic interferometry method to mitigate this issue.









