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Noise monitoring in the 
EMR site
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A rich network of seismic sensors
1. Seismic noise characterisation for the optimal location of the ET corner-points.

2. Imaging the subsurface to support geotechnical engineering efforts.

3. Extending the existing seismic network in the region: 15 new broadband seismic stations (surface) & 4 new 

broadband borehole seismic stations (250 m depth)
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1. Seismic noise characterisation for the optimal location of the ET corner-points.

2. Imaging the subsurface to support geotechnical engineering efforts.

3. Extending the existing seismic network in the region: 15 new broadband seismic stations (surface) & 4 new 

broadband borehole seismic stations (250 m depth)
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• More than 400 stations deployed and retrieved

• Campaign Data available on ORFEUS FDSNhttps://www.fdsn.org/networks/detail/3T_2020/

ORFEUS FDSN
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Why should ET be in the subsurface?
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Cottessen drilling and installation

9

• Drilling reached 250 m depth.

• Casing and cementing of the Cottessen borehole did not go as planned…


• Glass fibre snapped after ~30 m

• Casing leaked cement at ~170 m depth(a)
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sampling frequencies, i.e. 100 and 200 Hz, respectively. Since most if not all digital data

acquisition systems available today have a passband of 0.4*fs, the 50 and 100 Hz high

frequency limits are outside the overall system bandwidth anyway.

Again, as noted in the section about the transduction factor, there is no need to give individual

transfer function poles and zeros for each sensor. All sensor transfer functions are calibrated

to be identical. Formally, transfer function deviations are guaranteed to be within the ±0.2 dB

range. Typically, though, such deviations will be in the ±0.1 dB range. ±0.1 dB translates to

±1.1% approximately.

5.4 Self noise

Since all LE-xD models have onboard electronics, self noise (the noise created by the

equalizer, filter and amplifier circuitry) is an issue to be considered. The following graph

shows the intrinsic noise as determined by Prof. Erhard Wielandt and Dr. Rudolf Widmer-

Schnidrig, shown in the popular “dB relative to 1 m/s2” format. USGS High and Low Noise

Model curves have been added for reference. Graphics supplied by Dr. Widmer-Schnidrig.

The LE-3Dlite curves are equally valid for LE-1DV and LE-3D/BH(s). The LE-3D/5s curve

is equally valid for LE-1DV/5s.

We see that, regardless of the LE-xD model that you choose, you will be hard pressed to find

a deployment location that is silent enough to make the intrinsic electronic noise of the sensor

become a consideration. In most locations, sensor self noise will be far below ground noise

anyway.

The information in this document has been carefully reviewed and is believed to be correct at the time of going to print. However, Lennartz electronic
GmbH explicitly denies any liability for damages and/or losses, direct or indirect, resulting from the reliance upon this document. The information

presented in this document is subject to change without notice.

Cottessen drilling and installation
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• Drilling reached 250 m depth.

• Casing and cementing of the Cottessen borehole did not go as planned…


• After drilling inside the casing to clear cement, usable diameter was less than 97 mm

• Glass fibre had to be cemented inside the casing

TRILLIUM COMPACT   
COMPACT POSTHOLE SEISMOMETER

Don’t let your seismometer limit you. The Trillium Compact Posthole is a 
small, ruggedized, waterproof member of the industry-leading family of 
Trillium seismometers.

Forget complex deployments
At just 3.3 kgs (or just over 7 lbs) and with the installation convenience comparable to a 
geophone, the Trillium Compact PH is the obvious choice for those who don’t want their 
experiments to be limited – by a complex deployment of bulky instrumentation, by the 
overburden, by the e!ects of moisture, by thermal instability, by high power consumption 
or by installation technique.

No vault required
Its corrosion, scratch and chip-resistant stainless steel enclosure, waterproof connector 
and rating to IP68 for full submersion in water makes the Trillium Compact PH ideal for 
direct burial, even in arid, polar or wet environments.

Ultra-low power consumption
Both variants of the Trillium Compact PH – the 120s and 20s – boast ultra-low power 
consumption, at <180 mW and <195 mW respectively. And its optional transport case 
doubles as a thermal insulating cover for surface deployments.

A highly integrated station solution
When using the Trillium Compact PH with our popular Centaur digitizer, you’ll have 
access to a digital leveling bubble through the Centaur GUI. The virtual leveling bubble 
makes for easy leveling down a dark hole, or once buried, gives you the ability to check 
levelness at any time.

Also available: 
• Trillium Compact Horizon, Meridian Compact Posthole and Trillium Cascadia

The Trillium Compact PH 
is rugged enough to be 
buried directly in an ice 
shelf, light enough for easy 
portability on a volcano, 
and intuitive enough to be 
deployed in minutes. 

nanometrics.ca

Polar Certified Model 
available for operating 
temperatures down to -50°C

Contact a product expert  Toll Free: 1 855 792 6776   |  sales_mkt@nanometrics.ca

1001.12.08

3001 Solandt Drive, Kanata, Ontario, Canada K2K 2M8 | Tel: +1 613 592 6776

TECHNOLOGY
Topology: Symmetric triaxial 
Feedback: Force balance with 
capacitive transducer
Mass Centering: Not required

SEISMOMETER MODULE PERFORMANCE
Self-noise: See self-noise graph
Nominal Sensitivity: 750 V-s/m  
(reference User Guide for precise value)
Precision: ±0.5% relative to User Guide 
specification
Bandwidth/120s: -3 dB points at 120 s and 108 Hz
Bandwidth/20s: -3 dB points at 20 s and 108 Hz
Clip level: 26 mm/s up to 10 Hz and 0.17 g  
above 10 Hz
Oper. Tilt Range/120s: ±2.5º
Oper. Tilt Range/20s:  ±10º 
Parasitic Resonances: None below 200 Hz 
Dynamic Range/120s: 159 dB @ 1 Hz 
Dynamic Range/20s: 156 dB @ 1 Hz

LEVELING AND ALIGNMENT
Digital bubble level: Graphical bullseye level is 
available via Centaur digital recorder GUI
Physical Bubble level: Optional accessory
Alignment: Vertical scribe marks for (N and S); 
precision guide in cover for straight-edge, line, or 
laser level

INTERFACE
Connector: 16-pin, marine SubConn, top-mounted
(for models TC120-PH2-XH, TC20-PH2-XH)  
SubConn MCBH16MNM  
(for all other models) SubConn MCBH16MSS
Velocity Output: 40 V peak-to-peak di!erential
• Selectable XYZ or UVW mode
Mass Position Output: Single ±4 V output 
representing maximum mass position
• 3-channel mass positions available through  

serial port
Calibration Input: Single voltage input and one 
active high control signal to enable all 3 channels
• Remote calibration in XYZ or UVW mode
• Independent channel selection by serial port
Control Lines: Cal. Enable or Long/Short Period 
mode, XYZ/UVW mode
Serial Port: RS-232 compatible serial IP (SLIP)
• RS-232 compatible serial IP (SLIP) with onboard 

web server standard HTTP to select sensor 
operating modes, and to access state-of-health, 
virtual level bubble, firmware updates and 
metadata

• Plug-and-Play automated workflow interface to 
select sensor operating modes, and to access 
state-of-health, virtual level bubble and metadata

AVAILABLE MODELS
TC120-PH2: 120 second Standard Model  
TC120-PH2-XC: 120 second Polar Certified Model 
TC120-PH2-XH: 120 second Plastic Connector  
TC20-PH2: 20 second Standard Model 
TC20-PH2-XC: 20 second Polar Certified Model
TC20-PH2-XH: 20 second Plastic Connector 

POWER 
Supply Voltage: 9 to 36 VDC isolated input
Power Consumption: 
• 180 mW typical (model TC120-PH2)
• 195 mW typical (model TC20-PH2)
Protection: Reverse-voltage and  
over-voltage protected
• Self-resetting over-current protection

PHYSICAL
Diameter: 97 mm
Height: 
• Body & connector: 160 mm
• On fixed studs: 167 mm
Weight/120s: 3.2 kg 
Weight/20s: 3.2 kg
Housing: Stainless steel, resistant to corrosion, 
scratches & chips
ENVIRONMENT
Operating temperature: 
–20°C to 60°C (Standard Model)
–50°C to 60°C (Polar Certified Model)
Storage temperature: 
–40°C to +70°C (Standard Model) 
–60°C to +70°C (Polar Certified Model)
Shock: 
• 100 g half sine, 5 ms without damage, 6 axes
• No mass lock required for transport
Magnetic: Insensitive to natural variations of the 
earth’s magnetic field 
Ingress Protection: Rated to IP68 to 300 m for 
prolonged immersion

Strategic intelligence fueled by science

SELF-NOISE PERFORMANCE PLOT

Trillium Compact PHTrillium Compact PH

TECHNICAL SPECIFICATIONS TRILLIUM COMPACT PH  
Specifications subject to change without notice

97 mm

62 mm



RDSA/KNMI

Cottessen drilling and installation
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• Drilling reached 250 m depth.

• Casing and cementing of the Cottessen borehole did not go as planned…


• After drilling inside the casing to clear cement, usable diameter was less than 97 mm

• Glass fibre had to be cemented inside the casing
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Cottessen drilling and installation
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• Surface installation

Guralp 
Minimus+

4G 
Modem

Breakout 
box

EPC

Electricity Sensors & Communication

Boot space for sensors

Inside the Boot space

Hyperion microbarometer

Guralp 
3C ESP Compact

Cable to BH 
seismometer
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Cottessen & Terziet PSD comparison
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Cottessen & Terziet 
comparison
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Cottessen & Terziet 
comparison
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Cottessen & Terziet 
comparison
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Von Kármán spectrum
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Where is the noise coming from?
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Horizontal comp.

• 1.1 spike consistent

• Decreases with distance

1.1 Hz
2.2 Hz

3.2 Hz

4.5 Hz

7 Hz

MA2

MA3

MA4

MA5

MA67 Hz peak is most likely related to the 
fundamental resonant mode in the 
steel casing:

f0 = V/(4h)
VP = 6 km/s, h = 0.25 km, ⇒ f0 = 6 Hz

f0 = V/(2h)
VS = 3.45 km/s, h = 0.25 km, ⇒ f0 = 6.9 Hz

or
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Source identification
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Where is the noise coming from?
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Rail 
Roads

Bridges & 
Tunnels
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Where is the noise coming from?
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Wind 
Turbines
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Where is the noise coming from?
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Pumps, 
Industrial plants, 

Treatment facilities
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Future ambitions and concluding remarks

25

Future ambitions:

• Deploy nodes next to suspected 

sources of noise to serve as pilot 
signal.


• Cross-correlate pilot signals with 
surface and borehole sensors.


Concluding remarks:

• Thin soil cover means “quite” surface 

conditions bet less attenuation at 
depth.


• Noise sources on the surface couple 
better to the subsurface. That means 
more noise at depth.


