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Detecting fractures and monitoring hydraulic fracturing processes at the
first EGS Collab testbed using borehole DAS ambient noise

David Li', Lianjie Huang', Yingcai Zheng?, Yingping Li®, Martin Schoenball*, Veronica Rodriguez-
Tribaldos®, Jonathan Ajo-Franklin®, Chet Hopp*, Tim Johnson’, Hunter Knox’, Doug
Blankenship®, Patrick Dobson?, Tim Kneafsey?* and Michelle Robertson*

60 s time records of the borehole DAS ambient noise data and
compute the noise root-mean-square (rms) amplitude on each

ABSTRACT

W) Check for updates

Enhanced geothermal systems (EGS) require cost-effective
monitoring of fracture networks. We validate the capability of us-
ing borehole distributed acoustic sensing (DAS) ambient noise for
fracture monitoring using core photos and core logs. The EGS
Collab project has conducted 10 m scale field experiments of hy-
draulic fracture stimulation using 50-60 m deep experimental
wells at the Sanford Underground Research Facility (SURF) in
Lead, South Dakota. The first EGS Collab testbed is located at
1616.67 m (4850 ft) depth at SURF and consists of one injection
well, one production well, and six monitoring wells. All wells
are drilled subhorizontally from an access tunnel called a drift.
The project uses a single continuous fiber-optic cable installed
sequentially in the six monitoring wells to record DAS data for
monitoring hydraulic fracturing during stimulation. We analyze

channel (points along the fiber cable) to obtain DAS ambient noise
rms amplitude depth profiles along the monitoring wellbore. Our
noise rms amplitude profiles indicate amplitude peaks at distinct
depths. We compare the DAS noise rms amplitude profiles with
borehole core photos and core logs and find that the DAS noise
rms amplitude peaks correspond to the locations of fractures or
lithologic changes indicated in the core photos or core logs.
We then compute the hourly DAS noise rms amplitude profiles
in two monitoring wells during three stimulation cycles in
72 h and find that the DAS noise rms amplitude profiles vary with
time, indicating the fracture opening/growth or closing during the
hydraulic stimulation. Our results demonstrate that borehole DAS
passive ambient noise can be used to detect fractures and monitor
fracturing processes in EGS reservoirs.

INTRODUCTION generation will grow 26-fold and reach 60 GW by 2050, which
is 8.5% of the total U.S. electricity consumption (Lambert,
2022). In an enhanced geothermal system (EGS), we first create

fractures in the low-permeability hot rock, such as granite. We then

There is enormous untapped potential for geothermal electricity

generation in the U.S. It is estimated that geothermal electricity
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pump fluid into the geothermal reservoir through an injection well.
The injected fluid flows through the fractures created in the reser-
voir rock while heating up and reaches a production well where the
heated fluid/steam is used to turn a turbine to generate electricity.
Therefore, reliably monitoring the fracture process in a high-tem-
perature, high-pressure reservoir is crucial for the development of
EGS. However, the high-temperature and high-pressure environ-
ment of EGS is hostile for conventional electronic seismic instru-
ments that might not be able to survive long-duration deployment
for the purpose of continuous monitoring. In contrast, distributed
acoustic sensing (DAS) systems using optical fiber cables as receiv-
ers would be able to continuously operate in high-temperature,
high-pressure environments. Therefore, DAS has become an ap-
pealing continuous monitoring tool for EGS (Li et al., 2021).
The EGS Collab project is an interdisciplinary collaborative
project among the U.S. Department of Energy’s National Labs, aca-
demia, and industry to conduct 10 m-scale field experiments of frac-
ture stimulation for EGS modeling analysis and validation (Dobson
et al., 2017; Kneafsey et al., 2018; Kneafsey et al., 2019, 2020). The
first EGS Collab testbed is located at the 1616.67 m (4850 ft) depth
level at the Sanford Underground Research Facility (SURF) in Lead,
South Dakota. In the first testbed, the project uses heavily instru-
mented 50-60 m monitoring wells to study hydraulic fracturing proc-
esses using microseismic monitoring (Chen et al., 2019; Fu et al.,
2021), hydraulic modeling (Wu et al., 2021a, Meng et al., 2022),
active source seismic monitoring (Gao et al., 2018, 2020; Chi
et al., 2020), and DAS monitoring (Li et al., 2020). The first EGS
Collab testbed consists of one injection well, one production well,
and six monitoring wells, each 50-60 m deep. The project has drilled
these wells subhorizontally from the wall of a drift (i.e., a tunnel) into
the rock formation, as shown in Figure 1; the injection well is labeled
as 1, and the production well is labeled as P. A specialized tool cuts
six ring-shaped grooves with sharp edges into the wall of the injection
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Figure 1. Diagram showing 3D view of boreholes used in EGS
Collab testbed 1 at the 1616.67 m (or 4850 ft) depth level of the
SUREF. The thick black line is the drift, the red line is the injection
well, the green line is the production well, the blue lines are referred
to as the orthogonal (to the fracture plane) monitoring wells (OB
OT), the cyan lines are the parallel shallow monitoring wells
(PST and PSB), and the magenta lines are the parallel deep mon-
itoring wells (PDT and PDB). The dots show microseismic events
recorded from 22-25 May 2018. The 1.6 km DAS fiber cable is
deployed in the six monitoring wells.

well to promote the growth of transverse hydraulic fractures at 1.64 m
intervals centered around a fracture notch cut at a measured depth of
50.2 m in the injection well (Fu et al., 2021). Two monitoring wells
are orthogonal to these fracture planes and are called the orthogonal
bottom (OB) and orthogonal top (OT) wells. The other four monitor-
ing wells are parallel to these fracture planes and are called the par-
allel shallow top (PST), parallel shallow bottom (PSB), parallel deep
top (PDT), and parallel deep bottom (PDB) wells. A DAS system was
installed to continuously extend to the six monitoring wells to mon-
itor the hydraulic stimulation experiments in testbed 1 in May and
June of 2018 (Li et al., 2020).

The DAS systems, which use fiber-optic cables as densely sampled
continuous seismic sensors, have been studied for applications in geo-
thermal settings (Li et al., 2021). Borehole DAS has been extensively
used in active source seismic studies using vertical seismic profiling
for subsurface imaging, CO, monitoring, and geothermal and mineral
explorations (Mestayer et al., 2011; Mateeva et al., 2013; Daley et al.,
2013, 2016, Li et al., 2015; Wu et al., 2015; Harris et al., 2016; Willis
et al., 2016; Zhan et al., 2016; Martuganova et al., 2019; Bellefleur
et al., 2020). DAS systems with fiber-optic cables in the conduits have
been used to investigate near-surface ambient noise and seismic noise
induced by water flow, rain, wind, storm and other human activities at
the surface (Dou et al, 2017; Martin et al., 2017; Ajo-Franklin et al.,
2019; Shen and Zhu, 2021). However, little research has been con-
ducted on applications of passive DAS ambient noise in boreholes
(Chang and Nakata, 2022; Li et al., 2022). Li et al. (2022) demonstrate
the feasibility of using borehole DAS ambient noise as a source-free
logging tool. They compare DAS-ambient-noise root-mean square
(rms) amplitude profiles for the data from the granitic rocks at the
Frontier Observatory for Research in Geothermal Energy (FORGE)
in Utah with wire-line logging data and find that noisy traces are cor-
related with possible fracture zones.

We used borehole core photos and core logs to validate the
capability of using borehole DAS ambient noise for monitoring hy-
draulic fracturing at the first testbed of the EGS Collab project. We
analyzed the borehole DAS ambient noise data acquired in wells
OB and PDB during a 72 h period of fracture stimulation in 22—
25 May 2018. This period of time spanned from prior to stimulation
1 to the end of stimulation 3. Stimulation 1 began on 22:06 May 22,
2018 UTC and involved 10.5 min of water injection at a rate of
200 ml/min. Stimulation 2 began on 18:55 23 May 2018 UTC
and involved 65.2 min of water injection at a rate of 400 ml/
min. Stimulation 3 began on 22:28:00 24 May 2018 UTC and in-
volved injecting water at a rate of 5000 ml/min for 31.7 min until a
fracture ruptured through the production well (Schoenball et al.,
2020). The fourth and fifth stimulation experiments occurred on
25 May 2018, at 15:32:00 UTC and 20:37:00 UTC, respectively.
We computed 72 depth profiles of DAS noise rms depth amplitudes
between 00:00:00 22 May and 00:00:00 25 May 2018. We found
that the peaks of the DAS noise rms amplitude profiles correspond
to fractures and lithologic boundaries after comparing them with the
core photos, core logs, and optical televiewer (OTV) logs. We then
analyzed the time-lapse changes of the DAS noise rms amplitude
profiles between stimulations 2 and 3 and found that the DAS noise
rms amplitudes of noisy traces increase, level out, then decrease
over time, whereas the DAS noise rms amplitudes of quiet traces
do not show significant changes. The time-lapse changes of the
DAS noise rms amplitude profiles may correspond to the fracture
opening/growth and/or closing during hydraulic stimulation.
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DATA AND METHODS
DAS data acquisition and processing

The EGS Collab project installed a DAS system at the first
testbed to continuously record DAS data during hydraulic stimula-
tion cycles from 5 April 2018 to 25 June 2018. The DAS system
consisted of a Silixa iDAS v.2 interrogator unit that records axial
strain-rate data and a 1.6 km optical fiber cable. In each of the
six monitoring wells, the project deployed the fiber cable from
the well head at the drift to the deepest point (i.e., downgoing)
and then back to the drift. The fiber cable extended continuously
from one monitoring well to another monitoring well until it trav-

are quiet zones at other depths. To monitor changes in fractures dur-
ing the hydraulic stimulation cycles, we calculate hourly DAS noise
rms amplitude profiles and analyze their time-lapse changes.

RESULTS
Noise rms amplitude profiles

We calculate hourly DAS noise rms amplitude profiles for wells
OB and PDB using the DAS ambient noise data acquired in these
two wells over a period of 72 h from prior to stimulation 1 to just
before stimulation 3 of the hydraulic stimulation cycles in May
2018 (Figure 2).

ersed all six monitoring wells. The sections of the
fiber cable between the monitoring boreholes
were left hanging loosely in the drift. The
DAS system had a channel spacing of 1 m
and a gauge length of 10 m. The sampling fre-
quency varied over time and was either 1 kHz
or 10 kHz (Figure 2). Figure 2 shows the DAS
sampling frequency during the five stimulation
cycles in 22-26 May 2018.

The 1.6 km fiber cable contains approximately
1600 channels (1 m channel spacing). At each
channel, the raw DAS data are stored as either
30 s or 60 s records (time series). For this study,
we extract the DAS channels along the down-
going fiber cable from the drift to the bottom
of each monitoring well. We analyze 72 h of
DAS ambient noise data collected between
00:00:00 UTC 22 May 2018 to 00:00:00 UTC
25 May 2018. We decimate the data sampled
at 10 kHz to 1 kHz of sampling frequency.
For each hour of data, we analyze one minute
of DAS ambient noise data and compute DAS
noise rms amplitude profiles.

DAS noise rms amplitude profiles

After extracting the DAS ambient noise data
from the monitoring wells, we observe that sev-
eral channels are noisier than the others. We
show a 60 s record from well OB between stimu-
lation 2 and stimulation 3 in Figure 3a. To quan-
tify the DAS ambient noise on each trace, we
calculate the DAS ambient noise rms amplitude
on each channel using

€]

where A, is the DAS ambient noise rms ampli-
tude on a channel, y; is the amplitude at each time
step 7, and N is the total number of samples in the
trace. We calculate the ambient noise rms ampli-
tude on each channel to obtain a noise rms ampli-
tude depth profile. We show such a profile for well
OB in Figure 3b. We can see significant noise
peaks at depths of 17 m and 29 m whereas there
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Figure 2. Graph showing the sampling frequency used in DAS data acquisition from
22-26 May 2018. The red line shows the DAS sampling frequency. The blue vertical
lines show the onset times of the five hydraulic stimulations in May 2018.
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Figure 3. The DAS ambient noise records in well OB. (a) Example 60 s records of DAS

ambient noise waveform data recorded in well OB after the onset of stimulation 1 and before
the onset of stimulation 2 and (b) a depth profile of the DAS noise rms amplitude.
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Figure 4. Plot of 72 h depth profiles of DAS noise rms amplitudes in well OB from 22—
25 May 2018. For each hour (horizontal axis), we calculate the noise rms amplitude
profile using the first 60 s of the DAS ambient noise data recorded within that hour.
The blue vertical lines show the onset times of each stimulation cycle. The depth profiles
show similar shapes between stimulation cycles but change after the onset of a new
stimulation cycle. The red box highlights a peak of the DAS noise rms amplitude profile
at the 29 m depth that appears after the onset of stimulation 2. This peak at 29 m varies
over time after the onset of stimulation 2.
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We calculate one DAS noise rms amplitude profile per hour using
the first 60 s of data in the beginning of that hour. Figure 4 shows
72 h DAS noise rms amplitude profiles in well OB. We observe that
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Figure 5. Plot of 72 h (color coded for each hour) time series of data from (a) a quiet
trace (OB-Q25) and a (b) noisy trace (OB-N29). The blue vertical lines show the times of
the beginning of stimulations 1, 2, and 3. The horizontal axis is time in hours.
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Figure 6. (a) Superimposed hourly DAS noise rms amplitude profiles (the black
curves) from well OB for data recorded after stimulation 2 and before stimulation 3
(44-71 h) and the averaged noise rms amplitude profile (the red curve), (b) plot of
DAS noise rms amplitude variation over time for noisy channels corresponding to
the noise peaks OB-N17 (the orange line), OB-N29 (the red line), and OB-N46 (the
magenta line), and (c) plot of DAS noise rms amplitude variation over time for quiet
channels corresponding to quiet areas on the noise rms amplitude profile at OB-Q25 (the
cyan line), OB-Q35 (the green line), OB-Q55 (the blue line).
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Figure 7. Similar to Figure 4 but for well PDB; 72 h DAS noise rms amplitude profiles
in well PDB from 22-25 May 2018.

the DAS noise rms amplitude profiles maintain similar general
shapes over time prior to stimulation 1, but they start to vary at
the onsets of stimulations 1 and 2. After the onset of stimulation

2, we notice that a noise peak emerges at the
29 m level at approximately hour 46. The ampli-
tude of this noise rms amplitude peak gradually
increases over time as shown in the red box in
Figure 4. We show 72 h traces of the DAS am-
bient noise data from a quiet channel (OB-Q25)
and a noisy trace (OB-N29) in Figure 5. We ob-
serve that, for the quiet channel, the ambient
noise amplitudes are similar throughout the
72 h period, whereas the amplitude of the wave-
form increases steadily after the start of stimula-
tion 2 for the noisy channel.

To further analyze the DAS ambient noise data
after stimulation 2, we plot the superimposed
hourly noise rms amplitude profiles after stimula-
tion 2 and before stimulation 3 (hour 44—hour 70)
as black curves on the left side of Figure 6a. We
plot the average of these noise rms amplitude pro-
files as a red curve on the right side of Figure 6a.
The shape of the superimposed curve and the aver-
aged curve show the same general shape with dis-
tinct peaks at some depths and quiet regions at
other depths. The averaged curve contains distinct
noise rms amplitude peaks at 17 m, 29 m, and
48 m labeled as OB-N17, OB-N29, and OB-N48,
respectively. The averaged curve also contains
quiet depth intervals at approximately 25 m, 35 m,
and 55 m labeled as OB-Q25, OB-Q35, and OB-
Q55, respectively. We compare time-lapse noise
rms amplitudes of noisy channels and those of
the quiet channels (Figure 6b and 6¢). The DAS
noise rms amplitudes of the noisy channels vary
over time, but those on the quiet channels show
little changes. The amplitude of OB-N29 (the
red curve) in Figure 6b starts at approximately
20 in amplitude at hour 44, increases gradually
at hour 47, and reaches the maximum of approx-
imately 70 at hour 55 before leveling off. The
trends of OB-N17 (the orange curve) and OB-
N48 (the magenta curve) in Figure 6b are similar
to each other with amplitude increasing, leveling
off, and then decreasing. The amplitudes of the
quiet traces, OB-Q25 (the cyan line), OB-Q35
(the green line), and OB-Q55 shown in Figure 6c,
show slight variations over time, but the general
trend remains flat.

We also observe a similar phenomenon for the
DAS ambient noise data in PDB. Figure 7 depicts
the depth profiles of 72 h of DAS noise rms am-
plitudes for well PDB. The noise rms amplitude
curves also show similar shapes throughout the
72 h period with slight changes after each stimu-
lation cycle. We plot superimposed hourly noise
rms amplitude curves from hour 44 to hour 70 as
black curves on the left side of Figure 8a and the
average of these curves on the right side of
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Figure 8a. The superimposed noise rms amplitude profiles in well
PDB are more similar to each other than that those in well OB.
The averaged noise rms amplitude profile in well PDB shows several
major noise peaks and quiet zones. We label the noise rms amplitude
peaks at the 20 m, 31 m, 41 m, and 46 m depths in Figure 8a as PDB-
N20, PDB-N31, PDB-N41, and PDB-46, respectively. We plot the
time-lapse amplitude variations of these noisy channels after stimu-
lation 2 in Figure 8b. We observe that the noise rms amplitudes of
noisy traces follow a general trend of increasing in the few hours after
stimulation, leveling off around hour 50, and then slowly decreasing
around hour 55-60. We show the noise rms amplitude variation over
each hour of the quiet traces in Figure 8b. Compared with the noise
rms amplitudes of the noisy traces, the noise rms amplitudes of the
quiet traces vary only slightly over time, and the overall trend is flat
with no major increases or decreases with time. From Figures 6 and
8, we note that the amplitude reaches a plateau at different times at
different locations. The amplitude reaching a pla-

stimulation. Li et al. (2022) suggest that trapped waves in low
velocity layers caused by fractured media could be an explanation
for the higher amplitude ambient noise at some DAS channels.
However, other mechanisms also could be possible, such as flow-in-
duced noise, acoustic emissions associated with asperity breakage
during stress cycles, and increased local optical noise-caused fiber
deformation. To verify whether the DAS noise rms amplitude peaks
are caused by fractures around the wellbore, we compare our DAS
noise rms amplitude profiles with borehole core photos and
OTV logs.

Correlating DAS noise rms amplitude profiles with
core photos and OTV logs

We compare our DAS noise rms amplitude profiles with core
photos and OTV logs to verify whether the noise rms amplitude

=2
~

teau at different times could be attributed to the a) o
difference in rates of the different fractures open-

ing, reaching a maximum pressure, then closing 10§
after injection and shut-off. They also may show

the dynamic time-spatial variation of the fracture 20
system.

‘We hypothesize that fractures around the mon-
itoring wells might cause the noisy zones in the

Depth (m)
8

borehole DAS ambient noise data and that the 0!
opening/growth/closing of these fractures during
hydraulic stimulation would cause the ampli- 5ol

tudes of the noisy traces to increase, level off,
and decrease after the onset of stimulation 2.
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(Figure 6b) and well PDB (Figure 8b), we find
that the amplitude of the noisy traces in OB
and PDB follow a general trend of starting
low at the beginning of stimulation 2, increasing
during the first 5-10 h after stimulation, and then
leveling off or even decreasing. However, for the
quiet traces shown in Figures 6¢ and 8c, we ob-
serve only minor variations with time, suggesting
that stimulation 2 did not interact with the two
monitoring wells at these depths.

To evaluate the frequency spectral components
of this noise, we plot the spectral amplitude at each
hour for DAS noise traces OB-Q25 (a quiet trace)
and OB-N29 (a noisy trace) in Figure 9a and 9b,
respectively. The time-frequency spectra of DAS
noise traces OB-Q25 and OB-N29 show similar
patterns before hour 44. After the onset of stimu-
lation 2, the spectra for OB-N29 exhibit strong
amplitudes at all frequencies but the spectra of
OB-N25 do not. For a quiet channel (OB-Q25)
and a noisy channel (OB-N29), we plot the fre-
quency spectra of each hour of data between
stimulation 2 to before stimulation 3 on top of one
another in Figure 10. From the Figure 10, we ob-
serve that the frequency contents of the quiet and
noisy traces are white noise but the amplitude of
the noisy traces changes over the duration of

Figure 8. (a) Superimposed noise rms amplitude profiles (the black curves) in well PDB
for data recorded after stimulation 1 and before stimulation 2 (44—71 h) and the averaged
DAS noise rms amplitude profile (the red line); (b) DAS noise rms amplitude variation
over time for noisy channels corresponding to the noise peaks at the four noisy channels
PDB-N20 (the orange line), PDB-N31 (the red line), PDB-N41 (the magenta line), and
PDB-N46 (the black line); and (c) plot of DAS noise rms amplitude variation over time
for quiet channels corresponding to quiet areas on the DAS noise rms amplitude profile
at PDB-Q10 (the cyan line), 37 m PDB-Q37 (the green line), and PDB-Q50 (the blue
line).
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Figure 9. Time-frequency analysis over a 72 h period of (a) OB-Q25 (quiet trace in OB
at 25 m depth) and (b) OB-N29 (noisy trace in OB at 29 m depth). The red lines show the
times of the onsets of stimulations 1, 2, and 3.
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peaks correlate with any fractures observed on core photos and
OTV logs. Figure 11 is a comparison between the averaged
DAS noise rms amplitude profiles in well OB before stimulation
1 (hour 0-21), between stimulation 1 and stimulation 2 (hour
22-43), and between stimulation 2 and stimulation 3 (hour 44-71)
with core photos and OTV logs within the depths with the DAS
noise rms amplitudes peaks. These peaks at 17 m, 29 m, and
48 m correspond to the depths where the core contains breaks and
fractures or the breaks occurred along mineral intrusions. The noise
peak at 17 m (OB-N17) correlates to a break in the core located at a
depth of approximately 17.0 m (55.8 ft). This section consists of
carbonates and Fe sulfides along with some quartz veins. The peak
at 29 m (OB-N29) corresponds to a break in the formation along
foliation at a depth of approximately 28.8 m (94.5 ft), mostly having
carbonate with iron oxides and iron sulfides. The peak at 48 m
(OB-N48) correlates with fractures along strongly undulating
weakly bonded mica-rich foliations. We observe two of these frac-
tures at depths of approximately 48.1 m (157.8 ft) and 48.2 m
(158 ft).

Figure 12 is a comparison between the averaged DAS noise rms
amplitude profiles in well PDB before stimulation 1 (hour 0-21),
stimulation 1 and stimulation 2 (hour 22-43), and stimulation 2 and
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Figure 10. Superimposed frequency spectra of (a) a quiet channel
(OB-Q25) and (b) a noisy channel (OB-N29) between stimulation 2
to stimulation 3. The cooler colors show the spectra for 60 s for the
data at the start of stimulation and the warmer colors show the spec-
tra immediately before stimulation 2.

stimulation 3 (hour 44-71), and the core photos. The DAS noise
rms amplitude peaks at 20 m, 31 m, and 46 m correlate to areas
in the core with fractures or complex geology. The peak at 20 m
(PDB-N20) correlates to a fracture in the core at approximately
19.35 m (63.5 ft) depth. This fracture is located along a pyrite
and carbonate vein. The peak at the 31 m depth level (PDB-
N31) correlates to a section in the core log with complex lithology
such as chaotic foliation, highly fractured or brecciated quartz
zones, various intrusions of different minerals, and fractures cross-
ing the quartz zones. The bright spot on the OTV log (right-most
middle panel) also shows the change in geology of this area. The
DAS noise rms amplitude peak at the 46 m depth level (PDB-N46)
correlates to breaks in the core along the boundaries of a quartz vein
in the schist formation. The depths of these breaks are at 46.0 m
(151.2 ft) and 46.3 m (151.8 ft). The OTV log (bottom right panel)
also shows this darker-colored quartz vein in the lighter-colored
schist formation.

Our results and analyses show that the locations of the major
peaks of the DAS noise rms amplitude profiles correlate with the
locations of fractures in the formation within wells OB and
PDB. Although Li et al. (2022) correlated borehole DAS noise
rms amplitude with fracture zones using physical properties from
wireline logging data, we use core samples in this study to tie
the DAS noise rms amplitude peaks to the actual fractures in the
lithology. In addition, we also find that noise rms amplitude peak
PDB-N31 correlates with the location of an interpreted fracture
plane that intersects well PDB (Fu et al., 2021). Fu et al. (2021)
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Figure 11. Comparing peaks in the DAS noise rms amplitude pro-
files in well OB before stimulation 1, after stimulation 1, and after
stimulation 2 with core photos corresponding to depths of 17 m,
29 m, and 49 m. We observe that the locations of the noise rms
amplitude peaks correspond to open fractures (29 m) and breaks
along mineral intrusion boundaries (17 m and 29 m) shown on
the core photos. The yellow arrows point to locations of fractures
on the core photos.
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Figure 12. Comparing peaks in the DAS noise rms amplitude pro-
files in well PDB before stimulation 1, after stimulation 1, and after
stimulation 2 with core photos corresponding to depths of 20 m,
31 m, and 46 m. We observe that the locations of the DAS noise rms
amplitude peaks correspond to fractured crystalline rock (31 m) and
breaks along lithologic boundaries (46 m) shown on the core photos.

fit planes to microseismic locations caused by the fracture stimula-
tion cycles in May 2018 and obtain interpreted fracture planes. One
of the fracture planes, fracture E-S, is found to intersect the well at a
depth of 32 m. This intersection point of 32 m is close to the lo-
cation of DAS noise rms amplitude peak PDB-N31 located at a
depth of 31 m. In addition, distributed temperature sensing mea-
surements from well PDB show a temperature anomaly at approx-
imately 33 m depth (Fu et al., 2021). Fracture modeling using the
temperature data indicates that a fracture crosses well PDB at ap-
proximately this depth (Wu et al., 2021b). Our results show that
borehole DAS ambient noise analysis can locate fracture zones
in the borehole and monitor changes during hydraulic fracture
stimulation.

CONCLUSION

We have analyzed borehole DAS ambient noise data recorded
during hydraulic fracture stimulation at the first EGS Collab testbed
and found that the DAS noise rms amplitude profiles contain dis-
tinct peaks at certain depths. We have compared the DAS noise rms
amplitude profiles with core photos, core logs, and OTV logs and
verified that the peaks in the DAS noise rms amplitude profiles cor-
relate with the locations of fractures, complex lithology, or litho-
logic boundaries. In addition, we have found that the DAS noise
rms amplitudes of the noisy channels vary with time after stimula-
tion 2, following a general trend of increasing amplitude after the
stimulation onset, leveling off after several hours, then decreasing.
We attribute the changes of the DAS noise rms amplitudes of these
noisy channels to the opening/growth of fractures at the beginning
of hydraulic stimulation, keeping these fractures open during stimu-
lation, and gradual closing of the fractures after the stimulation. Our
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results show that borehole DAS ambient noise data could be used to
not only locate and detect fractures but also to monitor these frac-
tures during hydraulic stimulation in EGS reservoirs.
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