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Figure 1. Location of the PASSCAL 
direct burial emplacement studies 
at Poker Flats Research Range, a 
facility operated by the University 
of Alaska, Fairbanks.

Results
Direct burial installations are comparable to PASSCAL temporary  

 and TA vault installations at this site at periods less than 10s.

The Trillium Compact DB install has comparable SNR to the     
 Trillium 120 PHQ (PIC DB PH) and the Trillium 120 (PIC vault)    
 installations.

There are differences between co-located like installations     
 that could be attributed to the near surface soil integrity.
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PASSCAL installed sensors at Poker Flats Research Range, Alaska in November 2012    
as the second phase of direct-burial emplacment testing (the first phase of which 
occurred from Fall 2011 through Spring 2013 near San Antonio, NM).  The purpose 
of  this phase of testing was to compare of purpose-built direct bury sensor 
installations to a standard TA second generation vault, a prototype TA shallow-
borehole, and, after July 2013, PASSCAL temporary vault installations.   
 

The Poker Flats experiment also provided an opportunity to:
 - test enclosure and power system designs
 - test telemetry systems 
 - gain exposure to, and use of, first-production-run Nanometrics Centaur
   dataloggers and related real-time data flow and station management software
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     10 s, by as much as 4 dB). Possible orientation differences could account for this

Installation Details

  Installation History

North line is machined into the top plate 
of the sensor and illuminated with a laser 
to translate the compass north line to 
sensor.  

new temporary vault installations (right), 
autonomous station now buried. Phase II 
power testing: Lampshade-style 90 W, 2 solar 
panel array, and large bank of AGM batteries 
(624 Amp-Hrs). 

Figure 4. PASSCAL stations at Poker Flat, 
November 2012.  Note PIC1, autonomous 
station, completely exposed. Phase 1 power 
system testing: 1200 Amp-Hrs of air cell 
batteries (primary power), and lampshade-

Amp-Hrs of AGM batteries (secondary 
power).

Figure 7.  Autonomous station enclosure.   
Burying the enclosure significantly reduced 
temperature swings and extreme cold 
temperatures the box was exposed to during 
earlier testing.

Figure 9.  In July 2013, Tim Parker and Kasey 
Aderhold (pictured), a PASSCAL student 
intern, installed two Trillium 120PA sensors in 
PASSCAL temporary vaults.

Figure 6.  Tim Parker augering the first of 3 
holes for directly buried sensors. Sensors are 
emplaced in loess resting on weathered 
schist bedrock. Holes are 20 cm in diameter, 
separated by 1.3 m.
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installation

PIC vault installations, 
PIC direct burial re-installations, 
autonomous station power system change

                    Installation Type

PIC DB TC - direct-burial compact

PIC DB PH - direct-burial post hole

PIC vault 1 - PASSCAL temporary vault

PIC vault 2 - PASSCAL temporary vault

TA vault - 2nd gen. TA vault

TA 5m borehole - cased borehole

direct-burial post hole

shallow direct-burial

Signal-to-Noise Analysis

Local Event Signal-to-Noise (SNR)

 

Teleseismic Signal-to-Noise (SNR)

      the exception of PIC vault 2

     comparable to the PIC sites with the exception of PIC vault 2 

Figure 11.  Three month medians of monthly medians of the MSC (magnitude-squared coher-
ence).
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 - channel-specific power spectral density probability distribution functions (PSD PDFs from 1-hour segments)
 - channel to channel magnitude squared coherency probability distribution functions (MSC PDFs, 1 hour segments)
 - mean and median RMS signal-to-noise (SNR) using fixed-length time windows centered on the first arriving P wave of local      

Analysis Methods:

3,&�'%�7&
3,&�'%�3+

3,&�YDXOW������
�3,&�YDXOW��

�

�

�

��

��

��

��

��

��

��

���
���
���
���
5
0
6�
�6
LJ
QD
O�1

RL
VH

�

7$�ERUHKROH
�7$�YDXOW

%+=�0HGLDQ
%+=�0HDQ
%+1�0HGLDQ
%+1�0HDQ
%+(�0HGLDQ
%+(�0HDQ

/RFDO�(DUWKTXDNHV�3RNHU�)ODW��$.����������ï���������
615�0HGLDQ�DQG�0HDQ

������������
������������

�������

��

���

��

���

�����

���

���

���

���

���

�

7HOHVHLVPLF�(4V�$]LPXWK�DQG�'LVWDQFH��NP��
5HODWLYH�WR�3RNHU�)ODW�6WDWLRQV�

�

���0Z��! ���������������0Z�! ��������������0Z�! ���������

���������������
����������

��

���

��

���

�����

���

���

���

���

���

�

/RFDO�(4V�$]LPXWK�DQG�'LVWDQFH��NP��5HODWLYH
�WR�3RNHU�)ODW�6WDWLRQV

0/�! �����������0/��! �������������0/��! �������������0/�����

events, respectively.

sensor

surface

rocks to mark 
location

~10cm tamped 
masonry sand base

tamped 
masonry sand

rock/soil

ay cap

14 cm 

20 cm 

43
cm

 

70
 c

m

bedrock (weathered schist)

loess

masonry sand stainless steel 

& cable

Figure 2. A direct burial installation 
diagram of a Nanometrics Trillium 
120PH.  Before burying the sensor 
the cable is loosely looped near the 
top to ensure sufficient strain relief 
exists between the sensor and the 
channel dug for the cable.  After the 
sensor is oriented and leveled, sand 
is poured around the sensor and 
tamped in multiple iterations to 
ensure maximum compaction and 
coupling to the host material. 

Installation of a Purpose-built Direct Bury Sensor

30 gallon
 plastic drum

cable

insulation

surface

bottom of hole
cement 

pier

sensor

6 in

rocks to mark 
locationmound of packed clay 

topped with sand and rocks

Figure 3.  PASSCAL vault diagram.  
The bottom of a 30 gallon plastic 
barrel is removed and quick-
setting concrete serves as the sen-
sor's pier.   To reduce thermal ef-
fects from daily temperature 
swings, the ground above the sen-
sors is covered with a mound of 
soil and rocks. 

Installation of a Standard Broadband Sensor in a 

Installation Type SEED 
reference

Sensor Depth - sensor 
base (cm)

Datalogger Power System Telemetry

PIC DB TC 
direct-burial compact YE.PIC2.--. TR-Compact Post Hole (pre-production, direct-bury unit) 76 Nanometrics Trident

 Centaur – after 2013/09/17 AC charger and battery ethernet

PIC DB PH 
direct-burial post hole YE.PIC3.01 TR-120PHQ (pre-production, enhanced performance unit) 76 Nanometrics Taurus/

 Centaur – after 2013/09/17 AC charger and battery ethernet

PIC vault 1, PASSCAL 
temporary vault YE.PIC4.--. TR-120 53

Quanterra Q-330 AC charger and battery ethernet
PIC vault 2, PASSCAL 
temporary vault YE.PIC4.00 TR-120 53

TA vault - 2nd gen. TA 
vault TA.POKR.--. TR-240 ~2 m 

Quanterra Q-330 AC power supply ethernet
TA 5m borehole, cased 
borehole TA.POKR.01 TR-120PH/

    STS-4B – after 2013/06/14 ~5 m 

direct-burial post hole YE.PIC1.01 TR-120PH 76
Quanterra Q-330

Primary/Secondary hybrid  - air 
cells/PV with AGM batteries

PV w/AGM batteries – after 7/25/2013

Xeos Iridium modem (SOH)/
RUDICS data telemetry shallow direct-burial YE.PIC1.02 L-28 25
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 Power Spectral Density Analysis

10 10 0 101 10 2
 

 

 

 

10 10 0 101 10 2
 

 

10 10 0 101 10 2

Fall 2013 Z Component Median Comparisons
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Fall 2013 N Component Median Comparisons
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Fall 2013 E Component Median Comparisons
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Spring 2013 Z Component Median Comparisons
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Spring 2013 N Component Median Comparisons
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Spring 2013 E Component Median Comparisons
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Coherence Analysis
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Spring 2013 N component Median MS Coherence
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Spring 2013 E component Median MS Coherence
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Spring 2013 Z component Median MS Coherence
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Spring 2013 E component Median MS Coherence
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Figure 10.  Three month medians of monthly medians of PSD PDFs. The Summer 2013 PIC vault 
data is not shown as it is only contains the month of August.  The TA vault had issues during 


