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Introduction: original objectives 
This research and development project was aimed at a significant improvement of the electrochemical 
seismometer technology as compared to the year 2007 level and at the implementation of an advanced robust 
high performance seismometer for nuclear monitoring applications. 
 
Below are the major objectives of this R&D project: 
 
1) Ruggedness: the instrument will be able to survive and remain fully operational after a shock of ≥50g for 10ms. No 

mass locking mechanism will be used. 
2) No Maintenance Operation: no mass position monitoring and no mass centering will be required over the full 

operating temperature range. 
3) Passband: 0.02 – 16Hz.  

The passband will be defined by the -3 dB corner frequencies with the ripple in gain of no more than +/- 1 dB from the 
mean gain values as measured from one octave above the lower corner frequency to one octave below the upper corner 
frequency   

4) Seismometer Noise: These objectives were set forth in Phase I Proposal: 

Passband Target Noise Level 

0.02-0.1Hz -185 -190dB – below NLNM 

0.1 – 6Hz -185 -190dB – below NLNM 

6 – 16Hz (-185 -190) –180dB – below NLNM 

5) Limited Leveling: the sensor will stay fully operational at installation tilts of at least ±8°. 
6) Operating Temperature Range: -12 to +65C. 
 

Project Results 
Ruggedness: 

Traditionally all electrochemical seismic sensors featured exceptional ruggedness due to the 
inherent absence of complicated suspension system.  In the final prototype instruments, however, some 
of this original ruggedness had to be compromised because the significant increase of the total inertial 
mass (mostly due to the use of the mercury signal-to-noise ratio enhancing device) forced us to design 
a much more elaborate suspension system consisting of three pairs of “folded” extension springs. 
(Fig.1) Springs in each pair are connected using a pivot arm that, in turn, is suspended on a tightly 
stretched steel wire. While these sensors still, in our opinion, do not require any mass locking 
mechanism, their shock resistance is noticeably lower than that of the PMD commercial 
electrochemical sensors. 
 
No maintenance Operation: 
 This usual feature of the electrochemical seismic sensors has been fully preserved, i.e. the final 
prototype instruments do not require any mass re-centering regardless of the ambient temperature or 
any other factors. 
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Figure 1: Hybrid Electrochemical Sensor Prototypes 

 
Passband: 
 
The prototypes have velocity-flat response with corner cutoff frequencies of 16Hz and 0.02Hz.  During 
the development we discovered that out earlier prototype sensors exhibited an additional resonance 
peak even stronger that the main one in their open-loop response (Fig. 2, the red curve). This resonance 
was so significant that closing the loop still would not result in sufficiently flat response at the higher 
frequency portion of the response curve.  This additional peak was due to the resonating column of 
mercury in the channel with excessive hydraulic impedance. After a careful study we reduced this 
impedance by increasing the diameter of the device central channel.  These efforts resulted in a more 
manageable open-loop response: see the blue curve in Fig.2. The final prototype sensor close-loop 
response is shown in Fig.3. 

 
Figure 2: Open loop sensor response before and after modifications 
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Figure 3: Final prototype sensor close loop frequency response 
 
Seismometer Noise: 
 
 Figure 4 show output signals of the two final prototype seismometers installed side-by-side 
(recorded at 100 sps). Figure 5 shows signals after a 1Hz low-pass filter recorded at 10 sps. 
 Figure 6 shows spectra of the recorded signals in Fig.4 and their corresponding noise curves 
calculated by correlation analysis. We did not achieve the noise levels set up in the objectives although 
we managed to come as close to those as, in our opinion, is possible for any electrochemical sensor of 
a reasonable size and inertial mass: the noise stayed under the NLNM level between approximately 
0.05 and 7Hz. 
 

 
 

Figure 4: Side-by-side prototype sensors signal recording at 100 sps. 
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Figure 5: Side-by-side prototype sensors signals passed through a 1Hz low-pass filter and  recorded at 10sps. 

 

 
Figure 6: Prototype sensors signal spectra and calculated noise curves.  
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Leveling; operating temperature range. 
 
 The prototype instruments were tested with installation tilts up to ±10˚ and remained fully 
functional. 
 To determine the operating temperature range the instruments were placed inside a large 
temperature chamber. The temperature was set at +60˚C and the sensors stayed there for 24 hrs. After 
that the chamber heater and fan were turned off and both sensors were calibrated. A similar procedure 
was performed with the temperature set at -10˚C. In both cased the resulting close loop characteristics 
stayed within <7.5% of the +25˚C characteristics. 
 

Conclusion 
 
 Implementation of the proposed seismometers turned out to be much more challenging than 
anticipated.  The noise levels achieved are indeed well below those ever featured by any 
electrochemical sensor and just very nearly missed reaching the original objectives.  However, while 
noise-wise the instruments could still prove their usefulness, especially considering their robustness 
and no-maintenance operation, the implementation of the proposed noise-reduction concept resulted in 
much larger and heavier devices than originally expected. Moreover, these large dimensions relate 
only to single-component vertical sensors. While building similar horizontal component is possible, the 
resulting three-component instrument would be way too large and heavy to be of any practical use.  

The prototype instruments developed and built retained the inherent advantages of the 
electrochemical seismometers: no maintenance operation; ability to perform with large installation 
tilts; and, unfortunately, to a much lesser extent in terms of robustness. 


