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OVERVIEW

e l|dentify indicators of good quality strain data
e Assess performance over different frequency ranges

« Look at examples of tectonic and non-tectonic signhals
observed in borehole strainmeter data
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BOREHOLE STRAINMETER
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BOREHOLE STRAINMETER
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INSTRUMENT SENSITIVITY
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INSTRUMENT SENSITIVITY
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MONTHS TO YEARS: TRENDS

e Gladwin Tensor Strainmeters are designed to operate in a
state of compression.

e |deally three gauges should be in compression over periods
of years but depending on the periods of the signal of
interest you may still be able to use the data.
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MONTHS TO YEARS: TRENDS
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MONTHS TO YEARS: TRENDS

BO36, Grants Pass, Oregon
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MONTHS TO YEARS: TRENDS
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HOURS TO WEEKS: TIDES

e Strainmeters are optimized for good performance at tidal frequencies
e Tides should be dominant signal over hours to weeks

» Expect peaks in the M, and O, frequencies to stand well above the
background noise.



Digital Counts
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BO57, Lucas Valley, San Francisco

HOURS TO WEEKS: TIDES
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HOURS TO WEEKS: TIDES

B057, Lucas Valley, San Francisco
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HOURS TO WEEKS: TIDES

M, and O, tidal bands should stand well above the background noise in the frequency domain

B087, Ford Ranch, Anza
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HOURS TO WEEKS: STEPS

All strainmeter data will have some
unexplained steps in the time-series
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HOURS TO WEEKS: STEPS

B028, Central Oregon
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HOURS TO WEEKS: STEPS

B028, Central Oregon
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HOURS TO WEEKS: STEPS
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HIGH FREQUENCY STRAIN DATA

BO22 Spectrogram, May 31, 2008

e . — TR Y
o i S
, 3 > PP <« A5
g TN IV e - s
B~ » Y9 4 Pt - - < A D < H 4 . - - 2 o~ — ) -¢;
, o PLEES : P - S¥E = : : vi L e L, o Pk 2Ty b RN
. = T RN : . i~ * : Uy v a8 - * AT Wl :
o - - : . . . -y . -, =, - R~
: SRR N A R J 2t , Sy e s WSRO N el
.. - ' - - e . B 2 7Y - Ny y .. . _". - p -__A
— < _-.- .“w -_-~ » G « { . ) 4N\ '._. \ 1 3 . ci. .7'.~' ol By ._\ ‘-..,.. - -
- - » e £ = -5 ) . » » A
N ~F BT SV RN T NETC T Y SR N O BN s |
S— .
-
-
-
L §

1 "y = ~ g T s ~ 1 - ~ - B T ~—y" : r FoR R —yrey
- . i.’,- R L S S S . ' . - . - - S o o - - . - . o' l.. . PR AT - Al - ' “ s . o . ~
X . A Sl S . - P o <} = P § » - g s - oy —_ - . - = - < o - = - - Y& <
PO G s S O T X R . i i AT S TS o et
. 4 y S § < STy - : : - v 9 s . - . oA - Ce | at BN . . 4 = > Syv
O 4 R ‘ : < i ' . ” : < » . . ' - a3 e BV g : g '\ : 5y - - - o5 - y»T.e '_." e 2 J - - 4 .
- . e r 1Y g « 4 v 3 > . " e 1 - " qer 5 &2 X - K e . . ™ iy - - - S
. iy : v . * : "y . ¥ . Aty ! : .- o A - - 5 - . - = . e
> 1 ™ g . . - - o . P : . - - ) .-
- . 2 b, . ” : b S~ - »
o "en - 1 | . |’I | , = E E Sy & : 3 : 3 : :
. - o . . : . - . - -
X ~ - - p -
. > . . - 4 . - a h
— - ) - - 1 4 - 2 "‘o_' — ‘,‘ - iyl gl - ".. ‘~'. o ax-u L) ..
l\l ——r - . r - ‘- 4 - - . > S - - . - - - r - T 3 o - 3 —
0.2 3 S | " - P 2 of . 2 o E 3 A | -..’< LN .»’ Pt ol ’.: -, £ =S WPl e e O el x
- s . prg—t - - - s o v - P B -~ - - - 2+ e .- L
- - - - . - - 24 ¥ . . - a W R4 By Yas = ¥ ploy » x = 2
. s : - et s R S " . RN L? s S A T
—
" - s - - - v - - - - - g - . - -
'.'.' 5l v )  Tlre 0 - . . - =¥ o " e . “ 259 VAL "o -.-' "':..\-.\,‘ ..‘;9’0 X" ¥
L i Ny et Tipis s L SRty Tanidta VN L Tx PR AT L Ol B Sasdl=" A
Fagd - _ - ¥ -& - 3 - - = - B o ¢ -
. 3 - S g | > . 't ‘os* O - < X 5
_ v Pl TR : 0 - v - I B - = . — e A . o g - = . . Ty .k § E
e e - T R =% Py e = s R e R = TR S A D
. -2 S - . . : « - . piw iy ~ - - VA - - : L s, .
A . : . . & - L = - ) - : 3 . - . > .. 3 . c < - L - R
.. , ™ & ‘):‘ « ¥ e re 4 . . 9y . g - . o L) 1 : ¢ -~ . b o - 0' - - n - . - ¥ - ‘o 4 C ol N | ™ . - ‘.
y - - > - = - > . - - - - » . - P . -
— L8 - » Yo s d Nk PR N e 7 A 3 - oy o >3 e 4 Beswva ® 3 bl 1% LA, W 8 S N FF 17 . . < a8 " & - > —
. y . 2.9 . 3 - 5 o - . ‘ A 3 : - pe ‘- ph W A . 3 >4 s - - o . - . o 3 o :
- ™ e - . - =" . , - t= Fav = vt B B B - - ~' -~ v » v oo -~ o, 2N - ¥ - .
- > * . - - | " - ~ .
- k g - . 3 > '-.' \ 4 '. l”-* . - . s N . - o %oy S .. 4 - A
. o w » o P » v - ' B
.. 4 " ~ L % - .9 - ...“' P 3 " - é - - 3 oy . - - . ; .- '. -
’ 4 . o » - .
- > 5 - ¥ 3 « > - . - 3 —~ -

B
»
.
.
:
.
.

. . : -3 ° . - o . & o : 3
o - . P . . - - T £.e g < > . s ‘3
— - A - - 3 > 3 » L : : . - P B - .
. . o - . - 5 ) I, - - - A
0-2 o TR - Py L o - > 2 ~ - i . 2 R e S g - SLASEP DR .

"
-
Rl
~
P
-
.
¢
4
.
.
.
.

F (Hz)

=8 5 > - = . . 2 - s ™ e " v - 2 - sy - ™ - - - - - vi .~ Sy »
s * 3 AL i oS SR - = v BN o - " g - S L = a
0O . . : .
~ = - = . T - T N = r > - - =% TS T L Bl T3 -~ = T 5 " : =3
5 o ‘ . 1 i : 3 . T & ...j. A2 . = 2 ~7 ;_] Sd ] : =T § 1 4 . 5y 2 i N3 =2 4
ue = e " - : T -§~ - . . oy & ’, g ST e » > s -t . . a3} » - - Y ’ -
- - ® : a . -~ _ _ . . 4 ~ ” g Tsa e cLe - - . e . s - 2 e
o F -* g 3= . Y e g - =4 2 27 md - - P <28 » ¥ -, e » L ;- . ® e E T v ‘-* o N1 % x Lo — ! "
. N > — - o™ B, @ - - . Joi™ Eve - - - - ot o T o 3 - . ~ - > o ...‘1_ a4 .- i - T e
= - . * E e P bn e LA @ p . ng S 1 At g < e o e - -
y N ) " 23 - NS : =1 t - e ¥ e 3 (T oW e s . : ~ e e
. ™ » - 2 . » . B & . D L - » - b 4 - &
~ = > ! . ) - -~ ., - =
; > - - . -t € : . . % B
— : 3 : L85 i T AR, L N % ol LY N I Yy L Jiue “.';_ by >, A 2 g
N O p— .- : pal > sl B> - ->.» . RN LA ’ " . B : . L o . L iy Y. 3 he - 2 et
.2 s R - 2 Rl i AT, ) R A L R s = - - Pe’  WIe - : et
I _ B 4 : - L= 2 il . > 3 - -
S— ¥ 0 j . “. et =t —~ ot v .- ' e gty . - - :
= R e SR 3o LS AT R R I T e IRl 3 SR g
I l r - P = o ot H -~ ~-Z v s . o R A 2%l g . -J: . 3 '\b*. - »
- ° . - - .. - P | ; -
O wor 1 . y . v = “ e - - - v




UNAVCO

HIGH FREQUENCY STRAIN DATA

BO6/ Spectrogram, Aug 13, 2008
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HIGH FREQUENCY STRAIN DATA

Seismic Shear:l IVI5.4 LA, Jluly.29l, ZQOS
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HIGH FREQUENCY STRAIN DATA

nanostrain

Seismic Shear Strains, Turkey
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NON-TECTONIC SIGNALS

: UNIFORM VERTICAL LOAD ON SURFACE
e Barometric Pressure

.
e Rainfall

e [rrigation

e Construction Casing

e Seasonal Signals Ceme”tﬂ

Grout:l
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microstrain
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BO |8, Delphi, Washington

Gauge Measurements

BAROMETRIC SIGNAL

Gauges contract as
pressure load Increases,
response coefficients are
negative

Detrended gauge
measurement

Tide removed

: : : :
15 January 2017

: | : : : | : : | : : : | : :
22 January 2017 29 January 2017 01 February 2017 08 February 2017

Barometric Pressure

W

T | T
15 January 2017

| : : : | : : | : : : | : :
22 January 2017 29 January 2017 01 February 2017 08 February 2017

Barometric pressure
removed



UNAVCO

microstrain
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SURFACE LOADING

Co-located Strainmeters, Pathfinder, Anza
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SURFACE LOADING

Co-located Strainmeters, Pathfinder, Anza
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SURFACE LOADING

Co-located Strainmeters, Pathfinder, Anza
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SURFACE LOADING

BO57, San Francisco Bay Area, Napa Earthquake

A) BO57 Lucas Valley, Residual Gauge Strains
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SURFACE LOADING

BO22, Seaside, Oregon
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DOWNHOLE TEMPERATURE
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TSUNAMI AND SEICHES
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Tsunami Travel Times: 1-hour contour interval

March 11, 2011 Tohoku, Japan Tsunami:
Observed Water Heights and Computed Tsunami Travel Times

Produced by the NOAA National Geophysical Data Center
Based on latest data as of October 10, 2011
For more information see http -ngdc.noaa gov/hazard

Tsunami Travel Times computed using TTT v3.1 (P. Wessel)

Mercator Projection




Tsunami Strain Signals
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TSUNAMI AND SEICHES

Luttrell, K., et al (2013), Constraints on the upper crustal magma
reservoir beneath Yellowstone Caldera inferred from lake-seiche
induced strain observations, Geophys. Res. Lett., 40, 501-506.
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ASEISMIC CREEP SIGNALS
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ASEISMIC CREEP SIGNALS
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SUMMARY
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B BsM Data Quality Metrics | ... * | <+

& U @  www.unavco.org/data/strain-seismic/bsm-data/quality-metrics/quality-metrics.htmi El ¢ | Q Search w B8 U 4 # »

(2] Most Visited ~ | Getting Started Latest Headlines ~ JIRA ~ Newest question... ~ Seismological S... ~ Seismological S... ~
. Laser Strainmeter Data metrics are compiled into a detailed BSM Data Quality Metrics table.
- Borehole Strainmeter Data

- BSM Metadata
+ BSM Access & Data Tools

- BSM Data Quality Metrics

- Borehole Seismic Data

- Borehole Pore Pressure Data Anza Mendocino Mojave Mt. St. Helens Pacific Northwest Parkfield San Francisco San Juan Bautista Vancouver Yellowstone
- Borehole Tilt Data

2015 January BSM Data Quality Metrics Summary (csv format)

The table below gives a brief overview of data quality for each BSM. Ideally each BSM should be in compression and record signals in the

DATA
QUALITY
SUMMARY

tidal and seismic frequency bands.

Anza
BSM Overview

Compression Tides Seismic

e« BSM Data Processing

Good quality data. Pore pressure sensor in borehole. Calibrated by Roeloffs [2012]. Data analyzed by

Overview BO81
Barbour and Agnew [2012). v v v
e BSM Literature
« PBO Data Management B082 Co-located with BO89, hydroligcal pumping with a few 100 meters of site contaminates data. v d y
System Critical Design
Review [FDF/ B084 Located near PFO laser strainmeter. Calibrated by Roeloffs [2010]. Data analyzed by Barbour and
« Borehole Strainmeter Agnew [2010]. v v v
Instrumentation
« PBO BSM Station B086 Good quality data. Calibrated by Roeloffs [2012]. Data analyzed by Barbour and Agnew [2012]. v J J
Coordinates
B087 Good quality data. Pore pressure sensor in borehole. Data analyzed by Barbour and Agnew [2012].
dadn ad v Vv v
e BSM data at IRIS
Postseismic pore pressure transients recorded at this site after earthquakes in southern California, Gulf
B088 of California and after the 2010 M7.2 El Mayor-Cucapah earthquake. Occasional pumping signal in v v y
data. Data analyzed by Barbour and Agnew [2010].
B089 Co-located with B082, hydrological pumping with a few 100 meters of site contaminates data. y y v
8093 Took 3 years to reach compression. Single channel outages in 2012. Otherwise good quality data. Data
analyzed by Barbour and Agnew [2012)]. v v v
8046 Not in compression, cultural noise that mimics creep events. Data steps on all channels, but more

common on CHO and CH1. v v
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R

4\ Parksville.

EXAMPLE

Download raw gauge data
in digital counts from
strainmeter BO12, process
the gauge data to generate

time-series.




UNAVCO

EXAMPLE

February 4t to February 7t 2006, 1-sps, all 4 strain channels from B012

1. Edit get data ws.bash in the general directory.

>cp get data ws.bash get data ws B012.bash

You will need to modify the following:
* Station name

e Network code
e Start Date
e End Date



Make the code more generic

#!/bin/bash
nw=S1 Network code
bsm=S2 Strainmeter

start=S3 Start date
end=%4 End date

forgin 0123
do
c=5((g+1))
ftp -0 S{bsm}.CHSg.txt
"http://service.iris.edu/irisws/timeseries/1/query?net=5S{nw}&sta=S{bsm}&cha=LSS{c
1&start=5{start}T00:00:00&end=5{end}T00:00:00&output=ascii2&loc=T0"
linearize.bash S{bsm}.CHSg.txt

done
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EXAMPLE

1. get the data

>get data ws B012.bash PB BO12 2006-02-03 2006-02-06

2. make the tensor strain, type

> make tensor.pl B0O12
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EXAMPLE

°lot the data using,
plot_gauge.bash BOIl2
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EXAMPLE

B0O12.tensor.txt, Channel Data

CHO CH1 CH2 CH3 5

nanastram

000 0600 12100 18100 00100 06 00 121040 18100 000 06 00 1210 18100 000
February 03 2006 February 04 2006 February 05 2006



