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1.Deep space of coal mines in China

® General situation B Main coal mines

® Shut down for resource depletion or carbon

o Distribution of main coal mines &
neutralization

Depth: 300-1500 meters

©)
® Space capacity: 7 billion m3
@

Huge cost of construction ever

. Coal mines

Coal fields Cj )




1.Deep mine resources in China

® Conditions of underground space
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Convenient transportation and access

Perfect surface facilities for work and living

At least three large-diameter vertical shafts (4.5-8.0m)
Intersecting tunnels at different depths

Tunnel sections (width x height): 2.5-6.5m x 2.5-4.5m,
length: 20-50 km

Well-developed facilities for underground power supply,
ventilation, drainage, etc.

Surrounding rocks primarily composed of sandstone,
mudstone, shale, and limestone

Reinforced concrete support with anchor spraying

Inclined or vertical shafts, with man cars, cages (high-
speed elevators), and rail access to the surface

Design of the main tunnel: 50 years to permanent.

Inclined shaft

Simplified model of typical coal mine

Vertical shaft



2. Physical characteristics of deep underground environment

B Deep underground observations

® Surface and deep underground synchronous observation
©) December 2019 till now
® Multi-physical fields
u Radioactivity
u Gravity - -
. Observation Equipment
u Geomagnetic
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2. Physical characteristics of deep underground environment

T
Huainan

B Observation conclusion o ‘R"L” = I ———
@® Radioactive safety and human habitable. @ ]
@ Neutron, radioactive nuclide, and y energy spectrum 2 o _ -
comparable to top international laboratories. E i :
(® Ambient noises lower than that at the surface, especially 5 1x104;r
for 3600s long-period signals. e 55 : i e 25.001 ]
@ Magnetic noise lower than the surface by two orders of Energy (keV)

magnitude, with significant high-frequency suppression. 1

(® High-frequency electric field superior to the surface by

600m 70l)m
Soudan Y2L B(mm
USA KORCan f < 1 000m

10 P Kamioka g,
JPN Boulby

nearly two orders of magnitude.

® Background vibrations at 10s - 8Hz are better than that
at the surface about 20 to nearly 100 times.

Cosmic ray flux/year/ m2



2. Physical characteristics of deep underground environment

N

o

Ultra-silent (vibration, gravity)
Ultra-clean (electromagnetic)
In-situ (biology and medicine)
LLow cosmic ray background VAN T
Large fully shielded space T
Suitable for human access @\ - == "
Convenient transportation

Perfect living facilities 2 Ot — g
Perfect working facilities £ avanaim i

W Water 23 Xie Qiao

CICICICICICIOIONC)

High operating cost

Surface environment

Drilling environment

Tunnel space




2. Physical characteristics of deep underground environment

Xuzhou Longdong Coal Mine

B Coal mining under Weishan Lake: -260 m horizontal layer

B Depth of the lake: 0-10 m

B Resource exhaustion and shut down now

B Approximately 20 kilometers of underground tunnels are preserved

B On the surface, there are living facilities such as bathing facilities, cafeteria,

dormitories, office buildings, etc.
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Comparison of Underground Noise Power Spectral Density (PSD)
between Huaian and Xuzhou (with a difference of over 500 meters).



3. Deep underground observations 3.1 Surface noise

B \Why conduct deep underground observations

@ To avoid surface interference
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3. Deep underground observations 3.2 High precision

B \Why conduct deep underground observations

®@ Isitonly for observations without noises?

. . . I

v'3600s long-term surface noise is two orders of magnitude |

stronger than that of the underground E
v'Compared with the surface and Mengcheng Station, '
. - 104 = Burris_mean '

underground environment is better 0|  —LCRET20mean : Seismic band (2 min-1 h) '
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3. Deep underground observations 3.3 Correction

H Why conduct deep underg round observations Waveforms and amplitude spectra of the M4.2 earthquake near the Yilan Sea,

Taiwan Province, China.
(a)—(c) are the NS, EW and vertical components, respectively,

; ; and (d)—(f) are their amplitude spectra
@ Correction of ground-based observations. @-0 plitude sp
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3. Deep underground observations 3.4 Ultra-high precision

B \Why conduct deep underground observations

@ Ultra-high precision observations is possible

Blue: background noise PSD of LSBB in France
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3. Deep underground observations

3.5 Ultra-long-term

B \Why conduct deep underground observations

(® Achieve ultra-long-period stable 4D observation

T

NHNM

Deep underground observation

NLNM

Is it possible?
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3. Deep underground observations 3.6 Calibration
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3. Deep underground observations

3.7 Standard

B \Why conduct deep underground observations

@ Standard station

: ‘ “”"”‘ﬂ‘?'# -

Comparison with Beijing Baijiatuan geomagnetic station

I~ SQUID deep underground environment

- —— Geomagnetic station
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3. Deep underground observations 3.8 Instrument improvement
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3. Deep underground observations Scientific problem 1

B s it possible to capture slow earthquakes from the seismic zone of Japan or from the Tanlu faults,
intra-plate seismic zone by using ultra-high sensitivity, ultra-broad band displacement, gravity
and seismic observations in deep underground?

v'Gravity observations of nGal
sensitivity are theoretically

required for slow earthquake

recording from Japan

Inferred Boundary
Secondary Block

v'"Whether there is slow shocks NV o g

. 4
from Tanlu fault zone? 7 ey

100° 110° 120° 130° 140° 150



3. Deep underground observations Scientific problem 2

B More accurate inversion of source mechanism and medium structure can be |
realized with seismic observations in deep underground 5
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3. Deep underground observations

Scientific problem 3

If ultra-high sensitivity and ultra-broad band seismic observations are used to monitor the first
and second pulse peaks and mHz weak long-period signals, it is possible to explore the
correlation between earth's deep structure, planet movement and earthquakes.
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3. Deep underground observations Scientific problem 4
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3. Deep underground observations Scientific problem 5

W, Attenuation of Schumann resonancefin deep underground
" wether the 4D geoma \e‘tic_ observation of fT level can provide reliable data for the study
ofl
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4. Problems and Challenges

Observtions currently faced by

notenough
@ Electrode existing zero drift
® Laboratory reconstruction

DUSEL oo Bk Laui,;'lﬁ at Homestake, SD




4. Problems and Challenges

B Timing and positioning of instruments at deep underground space

B Automatic data cleaning techniques since underground interference unavoidable
B The necessity of monitoring and real-time data transmission

B lack of high-precision equipment




5. Prospect

» Just beginning, a beginner and learner

» 3 coal mine underground Labs planed

» More sites needed along the Tanlu Faults to

compose a deep underground network

» National Underground Lab for multiple

disciplines
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The deep underground space permit more interesting imagination.
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