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Appendix A. PTS guidelines for an IMS infrasound site survey

The PTS document CTBT/PC/III/WGB/PTS/INF.3 lists numerous requirements for a good

infrasound site.  The main points are summarized below.  The survey is to find the location that, to

the greatest degree, satisfies these requirements.

• Within 0.05° of the nominal station location listed in Annex 1 to the Protocol of the CTBT.
• Minimal wind and infrasonic noise between 0.02 to 4 Hz.
• Relatively flat terrain where view to the horizon is not obstructed by more than 20°.
• Individual array element sites must be flat enough to accomodate a filter of ~ 10000 m2.
• Adequate space to deploy 4 to 7 array elements spaced at 1 to 3 km at the same elevation.
• Individual array elements not near sources of cultural noise (e.g. airports) or structures.
• Array elements located if possible at least 5 km from the coast.
• If possible locate each array element in a forest with thick ground cover.
• Site not subject to flooding or other environmental hazards.
• Site in an area easily accesssed at all times of the year.
• Direct access to power and data telecommunications facilities.
• If possible co-locate with other IMS stations (e.g. seismic).
• All array element sites preferably will have a line of site to a central recording site.
• It should be possible to install the equipment at each array site to a depth of 1 m.
• Continuous signals are to be transmitted to a central recording site and then to the IDC.

The main requirements for the site survey are as follows:

• Select four promising sites for the survey by reviewing topography, ground cover, land
ownership maps and meterological data.
• Measure infrasonic background noise levels and wind speed, direction and temperature si-
multaneously at the four sites for a period of at least 2 weeks.
• Deploy the same equipment at all four sites.  Ensure that the sensors are calibrated to give
equal digitized output for equal input.
• Use portable wind-noise-reducing filters at each site.
• Digitize the infrasonic noise at 20 sps.
• Locate the anemometers at each site at a height of 2 m.  Deploy the temperature sensor on
the same mast at a height of 1m.
• Locate mast and any other equipment (such as solar panel) downwind from the infrasound
sensor.
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Appendix B. Survey Site Photos

At each survey site, several photographs were taken with a Kodak digital camera to provide a

record of local topography, vegetation and the equipment we deployed at each location.  We include

a subset of these photographs in this section.
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Figure B.1 Site 1

Figure B.2 Site 2
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Figure B.3 Site 3.

Figure B.4 Site 4.
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Appendix C. Survey equipment specifications

C.1 MB2000 Microbarometer
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C.1.1. Pole-zero representation of MB2000 microbarometer transfer function
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C.1.2. Matlab script for calculating poles and zeros of MB2000

%
% MB2000 transfer function         r. widmer-schnidrig 11/17/99
%
%  first stage of response
%
% numerator polynomial coefficients
b1 = [2.133e-9 1.0e-3]’;
% denominator polynomial coefficients
%    note: the constant term is NOT the product of all the roots
%             hence we correct with A1 below.
a1 = [1.89e-17 7.03e-15 3.757e-11 1.321e-8 1.823e-5 5.645e-3 1.]’;
z1 = -b1(2)/b1(1)     % zeros
p1 = roots(a1)        % poles
% leading coefficient of H
A1 = b1(1)*prod(p1);
NZ1 = length(z1);       % number of zeros
NP1 = length(p1);       % number of poles
%
%  second stage of response
%
% numerator polynomial coefficients
b2 = 318.31;
z2 = [0.];              % zeros
% denominator polynomial coefficients
a2 = [0.077 15.92 1.]’;
p2 = roots(a2)      % poles

NZ2 = 1;                % number of zeros
NP2 = length(p2)        % number of poles
A2 = b2*prod(p2)

%
% evaluate and plot transfer function
%
freq = 10 .^ [-3. : 0.01 : 3.]’;    % logarithmically spaced frequency axis

H  = A1*ones(size(freq));
for k = 1:NZ1, H = H .* (2*pi*i*freq - z1(k)); end
for k = 1:NP1, H = H ./ (2*pi*i*freq - p1(k)); end

Hs = A2*ones(size(freq));
for k = 1:NZ2, Hs=Hs .* (2*pi*i*freq - z2(k)); end
for k = 1:NP2, Hs=Hs ./ (2*pi*i*freq - p2(k)); end

Ht = H .* Hs;    % combined transfer function

subplot(211),loglog(freq,abs(H),’r’,freq,abs(Ht),’b’)
title(‘MB-2000 response for raw (H) and filtered (Ht=H*Hs) outputs’)
xlabel(‘Frequency (Hz)’)
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ylabel(‘V/Pa’)
axis([1.e-3 1.e3 1.e-4 0.1])
grid

subplot(212),semilogx(freq,phase(H’),’r’,freq,phase(Ht’),’b’)
xlabel(‘Frequency (Hz)’)
ylabel(‘phase (rad)’)
axis([1.e-3 1.e3 -2 12])
grid
print -depsc resp.ps
save MB2000_pz A1 z1 p1 A2 z2 p2 -ascii
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C.2 Handar Air humidity and temperature equipment
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C.3 Handar Ultrasonic Wind Sensor
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C.4 RefTek Recording system
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Figure C.1. The microbarometer and space filter deployed at site 4 in the Pinon Flat survey is shown in the photo at the
top.  The recording system enclosures are shown in the lower photo.  To the left is the mast with the met sensors and the
solar panel.
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Figure C.2. An MB2000 inside the mini vault.
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Appendix D. Microbarometer calibration

Since we lacked the necessary equipment for absolute calibration of the sensors we conducted a
“huddle” test in the laboratory in California in collaboration with Dick Kromer (Sandia).  In the
main experiment we connected 3 of our sensors to the same manifold.  The fourth sensor was
connected to a second manifold located beside the first.  Both manifolds were open to the atmo-
sphere.  With the sensors in this configuration we collected noise data for 35 minutes on day 189,
1999 (from 16:20 to 16:55, GMT).  In Figures D.1 and D.2, we display timeseries and power spec-
tra from the four sensors.  The timeseries appear to be identical.  The power spectral densities from
the four sensors are essentially identical from 100 s to 20 Hz.

Figure D.1.  900 seconds of noise data collected during the calibrationn test in the laboratory.  The signals are from
doors being opened or closed in nearby offices in the lab.



March 19, 200069

Report on Infrasound Site-Survey at IS56, Newport, WA

Figure D.2.  Power spectra from the
timeseries shown in Figure E.1.  There is
no noticeable difference between the data
collected by the four sensors we used in
the field.

Appendix E. Log of field measurements

As shown in Figure E.1, data were collected between day 219 and day 256, 1999.  Continuous
collection at all four sites began on day 236.

Appendix F. Calculation of absolute power density spectra

Welch power density spectral estimates were calculated using the MATLAB routine “PSD”.  All
power spectral results displayed in this report were derived from an average of 4 estimates.  Each
estimate was taken from 204.8 s of filtered infrasound pressure.  Each window of 4096 points was
tapered using a Hanning function.  There was no overlap between adjacent windows.  The Power
spectral density, Pxx, obtained from the PSD routine is multiplied by 2 to account for the power at
negative frequencies and divided by the sample rate (Fs = 20 sps).  Throughout this report we
therefore display 2 Pxx/Fs.
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Figure E.1.  Data coverage during the Newport site survey.  Channels 1 and 2 at each site are the unfiltered and filtered
data.  Channels 3 through 6 are wind speed, direction, air temperature and humidity respectively.
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Appendix G. Photographs of Recommended Central Processing Facility

In this section we show photos of the central facility we recommend for the IMS infrasound

array at Newport, WA.  Photos of the element locations are given in Appendix B. All sites in the

proposed array lie on federal land in the Colville National forest.
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Figure G.1. The “Russian” seismic compound is shown on top.  The building we recommend for the central processing
facility is shown on the bottom.
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FIGURE H.1. 92-port 18 m diameter wind-noise-reducing pipe array with high-frequency capability for use at short-
period-optimized array elements at stations located in higher wind areas or at all array elements at stations located in
low wind areas.  This figure and caption are courtesy of Doug Christie.

Appendix H. Recommended space filter
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Figure H.3. Cross section of a single port.  Drawing and labels are courtesy of Doug Christie (PTS/CTBTO).  This port
is attached to a buried pipe system.

Bottom retaining plate
(preferably removable)
with large circular holes

Threaded bushing
attached to bottom plate

Threaded 1/2" water pipe
or similar size pipe (12 to

17 mm I.D.)

End of pipe is open or
capped by fine stainless

steel screen

Stainless-steel wool

Standard elbow

5 cm or less
from surface*

*Distance of port from surface
mayhave to be more than 5 cm if
station is subject to deep snow

Fine stainless-stell
screen (preferably
removable)

Low profile stainless-steel or heavy
galvanized iron cover
Diameter:
Snow and ice-free areas: 80-100 mm
Areas with snow and ice: ~150 mm

To secondary manifold
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Appendix I - Principal contacts for IS56

Technical support
Drs Michael Hedlin and Jon Berger
Institute of Geophysics and Planetary Physics
Scripps Institution of Oceanography,
University of California, San Diego
9500 Gilman Drive
La Jolla, CA, 92093-0225
USA

Tel: 1 858 534-8773
Fax 1 858 534-2902
E-mail hedlin@ucsd.edu

Electrical Company

Chuck Frandrup
Pend Oreille County Public Utility District
P.O. Box 190
Newport, WA, 99156-0190

Tel: 1 509 447-3137

Forest Service.

Ms. Kim De Rence
USFS-Newport District
315 N. Warren St.
Newport, WA, 99156
1 509 447-7300

USGS

David H. Bartholomew
U.S. Geological Survey
345 Middlefield Road, MS-225
Menlo Park, CA, 94025
1 650 329-4133
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Defense Threat Reduction Agency

Rheuben Douthift
Tom Rike
Steve Tanner
Mark Judge
DTRA
45045 Avation Drive
Dulles, VA, 20166
703 810-4369 (Rheuben Douthift)

Weather

Larry Riddle
Climatologist - Climate Research Division
423 Nierenberg Hall
Scripps Institution of Oceanography
University of California, San Diego
92093-0224

Tel: 1 858 534-1869
Email: lriddle@ucsd.edu
web: http://meteora.ucsd.edu/weather.html

Appendix J - Format of archived data

Relational database formalisms are used to express the infrasound survey data. Datascope, the database software dis-

tributed by Boulder Real Time Technology, was originally intended for use by the seismic community for the acquisi-

tion, processing and archiving of seismic data.  The schema or format used to implement the database is css3.0, a

product of the Center for Seismic Studies (CSS).  For a tutorial of Datascope, see http://www.brtt.com/datascope/

datascope.html.  The following is a list of the main tables, in css3.0 format, used in Datascope for the presentation of the

infrasound data (for a complete description of the css3.0 schema, see the attached file CSS3.0/description).  The text

that follows was taken from documentation for the datascope software (dbdoc) or from Mary Templeton at PASSCAL

(IRIS).

Relation affiliation
Fields net sta lddate
Description “Network station affiliations”
Detail This is an intermediate relation by which stations may be clustered into networks.
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Relation arrival

Fields sta time arid jdate stassid chanid chan iphase stype deltim azimuth delaz slow delslo ema
rect amp per logat clip fm snr qual auth commid lddate

Description “Summary information on a seismic arrival”
Detail Information characterizing a ‘seismic phase’ observed at a particular station is saved here.

Many of the attributes conform to seismological convention and are listed in earthquake
catalogs.

Relation calibration
Fields sta chan time endtime stream calib calper fc units lddate

Description “Station-Channel calibration parameters”
Detail This table provides a record of updates in the calibration of a station-channel for a specific

time interval are provided here.  There is one entry for each calibration period.  Calib, calper,
and units are given for the complete system response.

Relation instrument
Fields inid insname instype band digital samprate ncalib ncalper dir dfile rsptype lddate
Description “Generic default calibration information about a station”
Detail This table serves three purposes.  It holds nominal one-frequency calibration factors for

each instrument.  It holds pointers to the nominal frequency-dependent calibration for an
instrument.  Finally, it holds pointers to the exact calibrations obtained by direct measurement
on a particular instrument.  See sensor.

Relation network
Fields net netname nettype auth commid lddate
Description “Network description and identification”
Detail This relation gives general information about seismic networks.  See affiliation.

Relation sensor
Fields sta chan time endtime inid chanid jdate calratio calper tshift instant lddate
Description “Specific calibration information for physical channels”
Detail This table provides a record of updates in the calibration factor or clock error of each

instrument, and links a sta/chan/time to a complete instrument response in the relation
instrument.

Relation site
Fields sta ondate offdate lat lon elev staname statype refsta

dnorth deast lddate
Description “Station location information”
Detail Site names and describes a point on the earth where seismic measurements are made e.g.  the

location of a seismic instrument or array.  It contains information that normally changes
infrequently, such as location.  In addition, site contains fields to describe the offset of a
station relative to an array reference location.  Global data integrity implies that the sta/
ondate in site be consistent with the sta/chan/ondate in sitechan.

Relation sitechan
Fields sta chan ondate chanid offdate ctype edepth hang vang descrip lddate
Description “Station-channel information”
Detail This relation describes the orientation of a recording channel at the site referenced by sta.

This relation provides information about the various channels e.g.  sz, lz, iz that are available
at a station and maintains a record of the physical channel configuration at a site.
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Relation stage
Fields sta chan time endtime stageid ssident gnom iunits ounits gcalib gtype izero decifac samprate

leadfac dir dfile lddate
Description “filter stage calibration parameters”
Detail Information characterizing an individual stage of the total calibration of a station-channel.

Stageid provides the specific ordering in the system response for the stage.  gnom, gcalib,
and gunits are given for the stage.  Combining all records having the same sta-chan-time
will provide calib in the calibration table.  This table can describe analog or digital stages.
Each record provides pointers to files which contain the actual poles/zeros or digital filter
coefficients.

Relation wfdisc
Fields sta chan time wfid chanid jdate endtime nsamp samprate calib calper instype segtype datatype

clip dir dfile foff commid lddate
Description “Waveform file header and descriptive information”
Detail This relation provides a pointer or index to waveforms stored on disk.  The waveforms

themselves are stored in ordinary disk files called wfdisc or.w files, containing only a sequence
of sample values usually in binary representation.


