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Abstract

Most test methodologies referenced in this Test Definition and Test Procedures were designed by Sandia
specifically for geophysical instrumentation evaluation. When appropriate, test instrumentation
calibration is traceable to the National Institute for Standards Technology (NIST).






CONTENTS

INEEOAUCTION . ...t ee e e e et e e e e tae e e e eetaeeeeeeaaeeeeeeareeeeeeaseeeesenraeeeeanes 7
S0P - ettt e et e e et e e e et e e e e a—aeeeeabaeee e e bt aee e ataeeeeantaeeeeannraeeenn 7
BacK@rOUNd.......cc.oiiiiiiie ettt e e beesnbeetaeenbeens 7
ODJECLIVES ..vveeirieeeiiieeiitie ettt e ettt e ettt e ettt e e tteesteeessteeesssaeasssaeassaeanssaeanssasansseesnsseesnsseensseeennseeennses 7

Test and Evaluation Program.............coocieiiiiiiiiiiiciieieeieee ettt ettt et e 7
Test and Evaluation Background.............ccceeeuiiiiiiiiiiiiceiieceee et 7
SEISIMIC SENSOT TESES. .. .eciiiuriieiiitriee ettt e ettt e eeete e e eete e e e eete e e e eertreeeeeeaaeeeeeeaaeeeeenareeeeeaareaeas 7

General SEISIMIC SENSOT TESES ...vvvviiiiiiiiieiiiieiiee e e e e e e et reeeeeeennns 8
TeMPETAtUTE TESES .....eeiiiiiiiiie ettt ettt ettt et e st e e sabeeesabeeesareeenes 8

Seismic SeNSOr TeSt DETINITIONS ....vviiiiiiiiiiiiiiiiieee et e e e et e e e e e s e eenaaarreeeeeeeas 8

SEISIMNIC SENSOT TESES. .. .eeiiiriieiiiirieeeeeeee e eeee e eeeee e e eetee e e e eeae e e e eeraaeeeeeeaaeeeeeeaaeeeeenareeeeeeareeeas 8
Seismic Sensor CharaCteriZaAtiON ........cccuvvvveviieiiiieiiiieeieeeeeeeeeerrreeeee e e e e e e eetrareeeeeeeessenanes 8

Seismic Sensor Performance TeStS........covviiiiiiuiieeieiiiee et eeaveee e 8

D315 10101510 ) s OO SRRRRRY 10






INTRODUCTION

Scope

This Test Definition and Test Procedures for the Evaluation of seismic sensors defines the process that
can be performed as part of the evaluation and testing of geophysical sensors, digitizers, sensor sub-
systems and geophysical station/array systems.

Background

A seismic sensor can consist of a single axis individual element or a combination of individual elements.
The single axis element can usually be configured as a vertical or horizontal element. The three axis
element usually contains a vertical element and two horizontal elements all aligned orthogonal to each
other. Other mechanical configurations mathematically rotate the data to vertical and horizontal
components. The seismic sensors are usually built to be installed in a seismic vault or deployed in a
posthole or borehole. The interface to the earth is usually through attached feet, a borehole lock or can be
buried in sand. The seismic element converts ground motion to analog signals. The analog signals are
sent to a Digitizing Waveform Recorder (DWR) to be either stored on local recording media or sent to a
central recording facility for storage and/or analysis. Digital seismic sensors, sensor and digitizer
integrated in the same package, output data in digital form. The seismic sensor usually provides a
mechanism for external calibration of the sensor or an indication of operational capability. The sensor
output can be a voltage representation of units of velocity, acceleration or a combination.

Objectives
The objectives are to evaluate the overall technical performance of the seismic sensor and provide a
general performance check of the calibration capability.

The results of these evaluations can be compared to the manufacturer’s specifications and any relevant
application requirements or specifications.

TEST AND EVALUATION PROGRAM

Test and Evaluation Background
Sandia National Laboratories (SNL) Ground-based Monitoring R&E Department has the capability of
evaluating the performance of seismic sensors for geophysical applications.

Seismic Sensor Tests
The following set of tests has been developed to evaluate seismic sensor performance.

Sensors with Internal Pre-amplifiers

Some sensors may have internal preamplifiers. Some may have external or separate
preamplifiers to match the sensitivity of an application sensor to a DWR. Some sensors
may depend on the DWR to provide sufficient gain for the required application. The
analog amplifier/preamplifier is considered to be part of the sensor for this test plan.

Sensors with Internal Digitizer

Some sensors may have internal high resolution digitizers. The sensor may be a
true digital sensor with the digitizer designed into the sensor feedback electronics
or a separate digitizer integrated to the sensor analog output in the same package.
Both types of sensors have digital output with internal or external data clock to



provide a digital output. The actual response of the true digital sensor may be
difficult to determine. The response of the integrated sensor/digitizer is
determined by the response of each component.

General Seismic Sensor Tests
Seismic Sensor Characterization
Response Model Determination
Seismic Sensor Performance Tests
Seismic Sensor Self-Noise (SS-SN)
Seismic Sensor Response Verification (SS-RV)
Seismic Sensor Calibration Response (SS-CR)

Temperature Tests

Seismic sensors with sub-nanometer resolution can be affected by small temperature changes. A sensor
may be required to operate over a range of environments from arctic to desert. Also, depending on the
type of installation, the seasonal and diurnal variation can be significant. Tests can be performed at SNL
to determine the sensor’s sensitivity to temperature over a range from -65° C to +125° C.

Temperature testing can be performed at the high and low end of the manufacturer's temperature
specifications or over the range for the application requirements. Unless otherwise specified, the
temperature is changed slowly and the sensors internal temperature is allowed to stabilize before testing.

SEISMIC SENSOR TEST DEFINITIONS

Seismic Sensor Tests

Seismic Sensor Characterization

The seismic sensor will be characterized using manufacturer supplied data to determine sensor gain,
sensor bandwidth, theoretical self-noise and output impedance. Ability to calibrate is determined. All
factory data should lead to a mathematical response model and calibration transfer response.

Seismic Sensor Performance Tests
Seismic signals are used as test stimuli to measure sensor performance. Sensor nonlinearities add to the
self-noise of the sensor.

Seismic Sensor Self- Noise (SS-SN)
Purpose: The purpose of the seismic sensor self-noise test is to determine the sensor self-noise in the
presence of low seismic background signals.

Configuration: Two or more sensors are installed side-by-side in a seismic vault or stacked vertically
in a borehole. The sensor outputs are connected to a data acquisition system that samples the data
synchronously. Data are acquired during low seismic backgrounds.

Evaluation: Coherence analysis noise-power computation provides the noise-floor of the sensor pair
for low seismic background stimulus. If three or more sensors are available, the use of Three-Channel
Correlation Analysis techniques can derive individual sensor responses and self-noise.

Seismic Sensor Response Verification (SS-RV)
Purpose: The purpose of the seismic sensor response verification test is to verify the seismic sensor
sensitivity and response using seismic background signals and a reference seismic sensor.



Configuration: A characterized reference sensor and one or more of the sensors under test, are
installed side-by-side in a seismic vault or in an adjacent borehole. The seismic sensor outputs are
connected to a data acquisition system that samples the data synchronously. Data are acquired during
moderate seismic backgrounds and events.

Evaluation: Convert the data from each seismic sensor to ground motion using the sensor response
mathematical model for each sensor. If the sensor response models are correct, the amplitude
response measurements in earth-motion units will be identical.

Seismic Sensor Calibration Response (SS-CR)

Purpose: The purpose of the seismic calibration response verification test is to verify the seismic
sensor calibration transfer response using voltage or current signals from a signal generator.
Calibration signals can be flat to velocity or acceleration.

Configuration: Sensor outputs are connected to a data acquisition system that samples the data
synchronously. Use sensor appropriate method for initiating electronics step or other calibration
signal.

Evaluation: Use analysis method appropriate to input calibration signal type to extract sensor transfer
function and gain for sensor under test.



NN

DISTRIBUTION

Leslie Casey

NNSA Office of Nonproliferation Research and Development/NA-22
1000 Independence Avenue SW

Washington, DC 20585

Joe Schrodt

Air Force Technical Applications Center/TTR
1030 South Highway A1A

Patrick AFB, FL 32925-3002

MS0404 John Merchant 05736
MS0404 Eric Chael 05736
MS0404 Mark Harris 05736
MS0404 Darren Hart 05736
MS0404 Bobby Corbell 05736
MS9018 Central Technical Files 8944

MS0899 Technical Library 9536

10



	Test Definitions for the Evaluation ofSeismic Sensors Version 1.0

	Abstract
	CONTENTS
	INTRODUCTION
	Scope
	Background
	Objectives


	TEST AND EVALUATION PROGRAM
	Test and Evaluation Background
	Seismic Sensor Tests


	SEISMIC SENSOR TEST DEFINITIONS
	Seismic Sensor Tests

	DISTRIBUTION


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue true
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings to create PDF documents suitable for reliable viewing and printing of business documents. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




