Lunar & Solar Tidal Pressure Viewer Java Applet
by John R. Victorine

Introduction

The continuous pressure monitoring in the lower Arbuckle was set up because a large rate and
high volume brine disposal the area is believed to be responsible for the induced seismicity.
fiThe assumption in the case of the testing in the Arbuckle is that the observed pressure is being
transmitted at depth in the basement where faults are critically stressed, requarnnallsorce

to move. To date the vast majority of earthquakes have occurred in the shallow basement.
Quarterly Reportl9, 2016. Trilobite Testing of Hays Kansas installed the pressure gauge in the
Wellington KGS 128 at about 5020 feeepth from surfae The instrument is programmed to
sample every second with an accuracy of 0.1A1sut a week of pressure data is sent to KGS
asaComma Separated Values (CSV) file.

A Java computgorogramwasdeveloped to analyzée pressurdatafrom the Wellingon KGS

1-28to understand the pressuteangesto remove solar & lunar Tidgressuregalong with

barometric pressure changéhe idea is that if you can remove or explain the natural every day
influences you are left with the geological influences rmagbe you might be able to identify

fluid movement due to brine injection, micro quake swarms, etc. Figure 1 is an illustration of the
raw pressure measurement in psig units over a 4 day period, 30 July to 2 August 2016.
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Figurel: Raw Pressure Data Measurements in the Wellington K&8 between 30 July to 2 August 2016.

The @mmputer programwill filter the noise from theaw pressuréata compute the lunar & solar
tidal pressurealong with thebarometric pressuresfluence andthensubtactthatfrom the raw
pressure data. In an ideal situation if these are the only pressures influencing the pressure
measurements then the pressure data should result in a straight line.

The first step was to filter out as much of the nieasent noise in the Raw Pressure data.
Playing with a simple square pulse filter of varying width gives varying improvements to the
Pressure data, see figure 2. The best result was the 1000 points (1000 seconds) square pulse



applied to the raw data. Bmethod removed most of the noise, without removing signals that

may be of interest down the line. You can see the lunar and solar cycle in the pressure wave as
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Figure 2: Varying widths of Square Pulse filter on Raw Pressure Data.

%It is well known that the sinusoidal water level variations observed in open wells are directly
related to lunar & solar tidal influence.
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proportional to the square of the distance between thesmasses, the potential derived from
this force will be inversely proportion#d the distance between the two maskeBredehoeft

he attributeso Love® (pg 52) that the tide generating potential W may be approximated with
sufficient accuracy as a spherical harmonic of second degree,

W = 0.5 * (GMyYDy) (a/Dy)? (3 codby, -1)

where G is the Gravitational Constant667408 X 13* [m*]/{[kg][sec?]}
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My, - Mass of the body

Dy, - Distance between earth and body
a - Earth Radius $.371 X 16 [m]

by, - angle between earth and body
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Figure3: Geometry of the Sun and Moon with respect to Earth.
Expanding coy) with respect to earths latitude and longitude,
cog(bp) = sin{ ¢) sin( 1) + cos(e) cos( ) cos(m - ) 2)

where by - angle between earth and body
w- frequencyo f t he Ear1.1600804 K 8OfHa]t i o n
| 1 latitude of the Wellington KGS-28 =37.3194833legrees
Ipil ati tude of t he lppaddydpownwithirespect &arth withrtimev i n g 0
fpilongi tude of the bodegathwihtimeh i s fAmovingo

Lunar tidal influence isbout twice astrongas thesolartidal influence but notinsignificant as
some authors implyUsing the tide generating potential constant (M) (a/Dy)? for both the
moon and the sun,

M - Mass of the moor 7.34767309 X 1% [kg]
Dm - Average distance between earth and moon = 3.84402 pn]0

M, - Mass of the sun = 1.989 X ¥(kg]
D, - Average distance between earth and sun = 1.495979nip

Moon Sun
(GMy/Dyp) (a/Dy)?  3.504275 [mecf  1.69404 [m/sed]

Bredehoeft states that the dilatation in an aquifer will depend not only on the tidal strain but also
on the effect of change in internal fluid pressure produced by the tidal dilation. The aquifer will
be subjected to tidal straatitudinal and longitudinal directions that are almost entirely
determined by the elastic properties of the earth as a whmle® (pg53) showed that the



dilation can be related to the disturbing potential by introducing a fourth Love number, F(r),
where

q=Fn*W/g)

Takeucht evaluated F(r) bypumerical calculations indicatitgh at near the earthd
dilatation is given by

q=(0.49/a)* (W/g) 3)

where a is the earthoés radius, dandWisthdumae accel
& solartide generating potential. Bredehoeft continues to derive the effects of the dilation as
change in pressure of the earth tidenraquifer system and showsat the earth tide P is,

P=rgh=q/(Cuf) (4)

wherer is the density of the fluid in the borehptgis the aceleration due to gravity aidis the
height of the fluid above thequifer, f is the porosity of the aquifeq is the volumetric strain at
the surface of the earth,,@& the compressibility of the wat The compressibility of the rock
itself was neglected because Bredehoeft assumed that the changenratackolume was
small compared to that of the water volume.

The lunar & solar tide generating potential,, \&quationusedin the Java Web Apjs as follows,

W) = 0.75 * [GMyDy] * [a/Dp]?* {

(3*cos(24 ) -1) * (3*cos(24 ¢) -1) /12.0 Long term cycle
+ sin@*1 p) * sin(2*l ¢) * cos(wt- fp- fcon) Diurnal ~1 day cycle
+cog (I p) * cos(l &) * cos[2*(Wt - fp, - f con)]} Semidiurnal ~1/2 day cycle

where G is the Grétational Constant $.67408 X 13" [m*]/{[kg][sec?]}
My, - Mass of the body
Dy, - Distance between earth and badyying with time
a - Earth Radius $6.371 X 16 [m]
W -Frequency of t he16BP8MX1fHE] rot ati on
| ¢ - Latitude of the Wellington KGS-28 =37.3194833legrees
|, - Latitude of the body, which is varying with time, and computed from the
declination [degrees].
fp - Longitude of the body, which is varying with timmmputed from right asceosi.
f corr - Correction angle due to tlistarting time of pressure data file.

The total generating potential W is the sum of lunaghd solar (W) potentialsi.e. W = W,
+ W,. Substituting the total generating potential W into equation (3jrerdnto equation (4)
gives the pressure due to earth tide as follows,

P =(0.49/a)* (W /gy (Cyf)



where in Wellington KGS-R8 at 5020 fedbelow the surfacen the Arbuckle formation the
water temperature is 133.08 from the Temperature Log, logté 3 March 2011 by
Halliburton, gives a water compressibilit{¢w) of 0.4437 [1/GPa] and th&orosity ofthe aquifer
(f) is about0.09 [PU].

The apparent latitude and apparent longitude of the Moon and Sun is computed using the
equations fromifiHow to conpute planetary positiarby Paul Schlyter.

The slope is computed by taking the first 1000 points (1000 seconds) and computing the average
and then taking the last 1000 points (1000 seconds) and computing the average, then visually
modifying the starting @ssure and ending pressure with respect to the filtered pressure curve
after the lunar & solar pressure is subtracted to represent the slope of the filtered pressure data.
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Figure4: Filtered pressure data with the computed lun& solar pressure wave.

The last step in the program is to subtractdinar & solar tidal pressure wave from the filtered
pressure wave, which should show the data to be linear. The data is not totally linear, which
suggest there is something else pglland pushing the pressure curve. The project does not

have a barometric pressure meter on the Wellington k@8 sobarometric pressure measured

at Strother Field Airport, Hackney, Kansasused, which is 24.233%ilesto the Southeast of

the well. Ifthere were major pressure fronts or large storms then the barometric pressure from
Strother Field Airport should suggest the changes in the deviation of the filtered pressure wave
after the lunar & solar wave is subtracted. The pressure change fromftoe guessure and the
pressure measured at the pressure sensor is just the weight of the water column above the sensor,
ie.,

Psensor= IDatmosphef +rgh.

wherer is the density of the fluid in the borehole g is the acceleration due to gravity (9.8)m/sec
and h is the height of the fluid above the pressure sensor.



We do not have thexactheight of the water column above the pressure sensor, solyheay

to incorporate the barometric pressure influence at the pressure sensor is to estimate what the
measured pressure data should be at the sensor. The atmospheric pressure at Wellington KGS 1
28 is about 14.11 psi from the calculationd#alaltitude versus pressure cunideally if the

lunar & solar pressure curve is subtracted from the measured data then the measured data should
be a straight line. It is basically a straight line in the image below (figure 5) but there are
deviations.
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Figure5: Lunar & Solar Pressure Wave removed from measured pressure data.

A pressure curve is constructed by adding the barometric pressure measured at Strother Field
Airport with the difference of the Pressure Slope and 14.11 psvérage ideal barometric

pressure at this elevation and overlaying that on the measured data. It can be seen that there is
some comparison with the measured data. Ideally if the barometric pressure is measured at
Wellington KGS 128 then the computed banetric pressure should line up exactly with the

linear pressure curve and any deviations from that would be other geological effects, i.e. fluid
movement, etc.
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Lunar & Solar Tidal Pressure Profile Applet

To access the Lunar & Solar Tidal Pressure Profile Viewer web site, go to the web address
http://www.kgs.ku.edu/PRS/Ozark/Software/PSI_Tidéd/the top of the web page there is a

menu“Main Page|AppleBownloadHelp|Copyright & Disclaimer]”.

Do you want to run this application?

Name: Pressure Lunar Tides Viewer

(2=

> Publisher: University of Kansas
e

Location:  http://waww.kgs.ku.edu

This application will run with unrestricted access which may put your computer

and personal information at risk. Run this application only if you trust the location
and publisher above.

Do not show this again for apps from the publisher and location above
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created by a trusted source, which is the University of Kansas. Select the "Run” Button, which

willdi spl ay the Sei smi

surface waves
!

Enter

c

Select the "Applet" menu
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Database and File Server, ORACLE requires

this dialog. The program does not save your
files to KGS, but allows you to access the
KGS for well information. The program
does not use Cookies or any hidden
software The blue sield on the warning
dialog is a symbol that the Java web app is
Button i
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The Applet atomatically downloads the necessary data
from the Kansas Geological Survey (KGS) ORACLE
database to access the Raw Pressure/Temperature &
Barometric Pressure Files that are stored on the KGS
Server. To access the pressure/temperature file
information, ORACLE PL/SQL stored procedures were
created that loads the file information in an Extensible
Markup Language (XML) data stream, which the applet
will then parse and store in data structur€sick on the

seismic wave icon button to display the Pressura Qaintrol Dialog. The Applet will then
make a PL/SQL request for all the Raw Pressure Files with the following URL request,

http://chasm.kgs.ku.edu/ords/igstrat.co2 pressure files pkg.getXML

n

This above stored procedure will generate a XML data stream with all pressure files location on
the KGS Server as well as the date ranges the pressure/temperature data was nidesured.

Applet also makes the request for the Barometric Pressure Data using two more PL/SQL request

one for the Wellington KGS-28 barometric pressure sensor

http://chasm.kgs.ku.edu/ords/igstrat.co2 barometric files pkg.getXML?sLOC=Wellington%20

KGS%20128%20128

and the second for the Strother Field Airport, Hackney, KaBaesmetric pressure data,

http://chasm.kgs.ku.edu/ords/igstrat.co2 barometric files pkg.getXML?sLOC=Winfield%20KS
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http://www.kgs.ku.edu/PRS/Ozark/Software/PSI_Tides/
http://chasm.kgs.ku.edu/ords/iqstrat.co2_pressure_files_pkg.getXML
http://chasm.kgs.ku.edu/ords/iqstrat.co2_barometric_files_pkg.getXML?sLOC=Wellington%20KGS%201-28%201-28
http://chasm.kgs.ku.edu/ords/iqstrat.co2_barometric_files_pkg.getXML?sLOC=Wellington%20KGS%201-28%201-28
http://chasm.kgs.ku.edu/ords/iqstrat.co2_barometric_files_pkg.getXML?sLOC=Winfield%20KS

which was the closest airport to the Wellington KG381before a Barometric pressure gauge
was installed. Both BL calls retrieve the location of the all the barometric files stored on the
KGS ServerThe program decides if it can not find the barometricffden the KGS 128

sensor, then it will look for a file from the Strother Field barometric file.

Pressure Data Control Dialo

- Pressure Data File Date Range

Start

2016-10-28 158:39:00.0

2016-11-04 17:13:59.0

2016-11-04 17:14:00.0

2016-11-11 16:00:09.0

2016-11-11 16:00:09.0

2016-11-19 03:06:50.0

2016-11-19 15:00:00.0

2016-11-24 16:59:59.0

2016-11-24 17:00:00.0

2016-11-28 17:05:32.0

2016-11-28 17:05:34.0

2016-12-03 16:11:34.0

2016-12-03 16:11:35.0

2016-12-10 18:16:37.0

2016-12-10 18:16:38.0

2016-12-17 16:28:34.0

2016-12-17 16:41:00.0

2016-12-24 16:59:59.0

2016-12-24 17:00:00.0

2016-12-31 19:59:44.0

2016-12-31 20:08:10.0

2017-01-07 20:38:12.0

2017-01-07 20:38:13.0

2017-01-15 06:01:52.0

2017-01-15 09:04:00.0

2017-01-21 21:04:07.0

2017-01-21 21:04:07.0

2017-01-29 09:06:02.0

2017-01-29 09:13:10.0

2017-02-05 08:44:27.0

2017-02-05 08:44:29.0

2017-02-12 07:46:53.0

2017-02-12 07:56:53.0

2017-02-19 08:54:37.0

2017-02-19 08:54:37.0

2017-02-26 08:42:00.0

2017-02-26 08:50:00.0

2017-03-05 08:51:48.0

2017-03-05 08:51:50.0

2017-03-12 07:44:04.0

2017-03-12 08:52:00.0

2017-03-19 08:17:23.0

2017-03-19 08:17:24.0

2017-03-26 08:46:39.0

2017-03-26 05:54:00.0

2017-04-02 08:51:01.0

2017-04-02 08:51:02.0

2017-04-09 08:31:26.0

2017-04-09 053:40:00.0

2017-04-16 08:16:50.0

2017-04-16 08:16:51.0

2017-04-23 08:29:07.0

2017-04-23 058:19:00.0

2017-04-30 08:20:38.0

2017-04-30 058:20:39.0

2017-05-07 08:42:54.0

2017-05-07 08:50:00.0

2017-05-14 08:43:40.0

2017-05-14 05:43:41.0

2017-05-21 08:48:41.0

017-05-21 08:57:00.0

2017-05-28 14:58:23.0

2017-05-28 14:58:25.0

2017-06-04 09:10:08.0

| Select || Cancel

The Pressie Data Control Dialog will be displayed showing the File Date Ranges for all the
pressure / temperature files that have been uploaded to the KGS Server. The user only needs to
highlight the date range of interest and cl

The Applet will automatically load all the files necessary to plot the Pressure / Temperature data
in the profile plot.The program will then apply a simple square pulse filter on the raw pressure

c



data of 1000 points in width or 1000 seconds since the dateaisured every second, see figure
2 above. Th@ressure/temperatudata is then plotted in a profile plot format by time.
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Initially only the raw pressure/temperature & barometric pressure data is plotted in the profile

plot. The user can compute thehn ar & sol ar pressure curves by
Pressuredo button on the Plot Control dialog.
change how the raw pressure data is filtered, presently the default is a square pulse of 1000

points (100 seconds), which is shown in the second plot track abbie.red line in the3plot

track is the average barometric pressure at the altitude of the Wellington-R&6r114.11

[psi]. The temperature data is not filtered in any way it is just plaiseal reference.



Plot Control Dialog:
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