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1.0 Introduction

TheEH5Pro software is the data processing software for the Stratagem EH5 audio magnetotelluric

]JveSEpHuU vEX dZ]e U VUM O ] *Hu%0 %0 U VS 8§} §Z ~MSE S P u ,i K% & §}
The first task is to install the EH5Pro software and licensing it for the computer to be used. This process

is explained below.

2.0 Eh5Pro Installation and Registration

Eh5Pro is Window based MT/AMT data processing program for Geometrics Eh5 instrument. It is tested
on Windows 7, Windows 10 and Windows 11. Eh5Pro is not compatible with Unicode. Data input and
file path must be ASCII character. PC display resolution is recommended to set as 1920X1080.

2.1 Installation and Registration
Zpuv N ZAWEIN Su% X £ _ 8} JveS oo ZAWE} % EIPE u ~&]PUE iX z}u
dz ( pos (}o\ EAW EIWX

EhZPro Setup

Choose Destination Location

Select folder where Setup will inztall files.

Setup will ingtall EnSPra in the following folder.

Toinztall ta thiz folder, click Nest. Tainstall bo a different falder, click Browse and select
anather folder.

Destination Falder

C:AERSPma Browse. ..

Caricel |

Figure 2-1 Install En5Pro

The first thing to do after installation is to register En5Pro for your PC. Each Eh5Pro order can be
installed in maximum four computers. It is recommended to register 1-2 computers at very beginning,
register more in future if needed.

Kv §Z 8}% u vp & \o]Hpbv ¢iWik}_ 3he vediser wisdow (Figure 2) and fill
Nolvs_UMNo]l]vsS ulJo_. v N}AENMNE_ Vv S§ZvVv o]l MV ES Zil &]o
Send the saved Eh5ID file to your representative or vendor by email. Your representative or vendor will

/) GEOMETRICS

Simplify your search

EH5 Software Manual V1 Rev B 2



replyto C}HE u Jo A]3Z o] ve I CX }%C
>] ve _ p&3}v 8} (Jv]+Z E P]-3E 3]}v ~&|PuE

\Y

~ > ThisPC » 0S(C:) > ERSPro

About Eh5Pro X Organize = New folder

& Saved from Web
EhSPro, Version 1.0

Name

%0

*§ §Z | Clv >] ve < C (
iXieX

Date modified

Search EhSPro »

I
4
<

Type Size

0:34 AM File folder

File folder

File folder

File folder

U Copyright (C) 2022-2023 Build Date: Jul 19 2023 12:16:00 > @ Scan Cal
HeenesKey; | & Sw-AgreementWithGeometrix Examples
Client: [ ABC Consuiting > g8 T Retum New folder
Client Email: [HIohn@ABC. Com & Wechat TS
Box SN(woocsoncc...) | 1028

> wf travel
Comment: [ -
& Winsocket
Generate EnSID File... aister Lic Close
o FATHIER LS
~ [ ThisPC
TPt NE n 51D -2023-07-25173918.ERSID
Save astype: Computer ID file(*.ERSID)
~ Hide Folders
About ERSPro

Eh5Pro, Yersion 1.0
Copyright (C) 2022-2023

Build Date: Jul 19 2023 12:15:00

Save Cancel

License Key: | EhSPro_GVCDCRRZGUATEMZUIQITEMEXIFAUIOCGGE2DIMY

Client: |

Client Email:

|
Bioo SM{o-xxx, .. ) |
|

Comment:

Generate EhSID File. .. | Register License |

Close

Figure 2-3 Register Eh5Pro

The detailed licensing procedure is as follows:

1
2
3
4.
5.
6
7
8

/) GEOMETRICS

Run the EH5Pro installation program.

(8 & 4 e**(p0O0C ]JveS 00]J]VP ,AWE]} }% M13S AW/ &} _ o] | v ~, 0%

Fill in the information for the window that pops up.
olj]l}vsz ~& 8§ ,il/ _ us8s}vX

Email the EH5ID file to me.

We will send you back a license ID key code.

Copy the key code into the License Key field

Click on Register License

EH5 Software Manual V1 Rev B
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The procedure is the same for the Emage2D inversion software if that has been purchased.

2.2 Data File Format:
The data files acquired by the Stratagem EH5 are read into the EH5Pro for editing and data processing.
The acquired data files have an extension of eitket or .ts2 or ts3.
data.
Below is a sample of three .ts files.
1. The *.tsl files contain the high-frequency band data from approximat@@dHz to
90,000Hz

2. The *.ts2 files contain thenid-frequency band data from approximately 7 Hz to 3,000
Hz.

3. The Ts3file is the data band from approximately 2 Hz to 20 Hz

For example,

1007202208102149.51 3/10/2022 2:49 PM TS1 File
| 1007202208102149.s2 8/10/2022 2:49 PM TS2 File
1007202208102149.t53 3/10/2022 2:49 PM 1S3 File

Figure 2-4: Sampl&Sfiles

The naming convention includes information about the receiver serial number, time of acquisition, and
frequency band. For file 10072008252015.ts1, the file name means the following: receiver serial
number = 1007, acquisition date = 20@8-25 (August 25, 2021), UTC time in hours and minutes = 20:15
(8:15 pm GMT), tsl = high-frequency data. The file 1007202108252015.ts2 was acquired at the same
date and time but for low-frequency data.

Prelimary Notes: Before time series can be viewed and data processing can begin the EH5 data files
must be downloaded from the EH5 receiver and stored on the data processing computer. This is
explained in detail in the Stratagem EH5 User Guide, section 3.4. As a summary the following steps
are necessary.

1. Confirm you are connected to the EH5 receiver WiFi with the data processing computer.

2. Remember that the EH5 WiFi addresktip://eh and the password is 12345678.

3. '} 8§} "&JAvo} , A § &Jo « X /( Clpn CE }vv § §} §Z ,
a list of the EH5 data files.

4. You can either create a data folder on your processing computer by the current date or
create a new data folder in Windows Explorer. Navigate to the chosen data folder by

clicking the E button.

/) GEOMETRICS
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http://eh/

5. Individual files can be selected and downloaded or all undownloaded files can be
downloaded by clicking on download allChoosing only todays data will download only
those files acquired on the current date.

/) GEOMETRICS
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3.0 Time Series Viewing and Editing

3.1 View Time Series

To view the acquired time series you must first read in.tediles. From the menu at the upper left of
the screen shown in figure 1.

A. Click onTime Seriegrom the menu bar as shown below.

@ C:\EH5-211007202108251935.ts1 - Eh5Pro

“ile Edit View Process TimeSeries Help

4

el > @S =l ~1| =~

Figure 3-1- Menu bar

B. SelectOpen Time Series File

C. Navigate to the folder where youts files are located. Select the data files you want to view and
edit. Only one time series file can be selected at one time.

D. ClickOpen and time series from the first acquisition segment will be displayed for all five channels
as shown in Figure 3-2.

Jle Edit View Process TimeSeries EhSPaameters Help
4 & 3 B T [moedaceCuves | [Oognal s =] [locaE |

ChidB} Ex|a7) Ey{47) Hx[34) Hy(34) Hz[34)
0

100

200

300

400

500

700

1000
(milli sec] S/N: 1007; Record: 9/300; Sample Rate: 6000; Batl: 163 Bat2: 18%: Temp(C): 0: Lat 37.3506966: Lngg: -121.7258377; Sat: 12: Time: 2021-08-25 19:45:08

eady NUM

Figure 3-2- Time series curves from all five channels

Information about the segment is displayed along the bottom edge of the screen.

/) GEOMETRICS
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3.2 Scrolling through the time series:

The time series will automatically scroll thought each recandthe file. To stop the scrolling
clickon the sine icon‘ at the upper leftof the screen.You can manually continu¢o scroll

through the databy hitting Enter to scroll forward and hittingBackspaceto scroll backwards.
This record can alsbe scrolledor stoppedby clickingin the screen.

3.3 Masking out time series records:

To mask out a segment so it is not used in processing, click the umbrella i~gr or dieletbe
key on the computer keyboard. The segment information at the bottom of uic screen will turn
red, meaning it wilbe masked and not used in data processing. To unmask the segment hit the
umbrella icon again and the segment information will turn black again meaning it is active and will be
used in data processing.

After you have edited your times series file you need to save it. Use a different file name. For example,
if you edited file 1007201208252015.ts1 you could save it as 100720120826d@1%s1. From the
menu bar at the top of the screen click ®ime Serie§Save Time Series €l

Navigate to the folder where you want to save the file and @iake at the bottom right of the screen.

3.4 Shift between time series and power spectrum

Clicking on the red icd% | shifts the display from the time series to a power spectrum display of that
record. The vertical axis in the power spectrum is in frequency (Hz) as shown Gélewlisplay can

also be changed from time series to power spectrum usiegttkey.

@ C:\EH5-2\1007202108251935.t51 - Eh5Pro - (m] X
File Edit View Process Time Series Help
Zle|> @ TS| =y =) E|

Ch(dB) Ex[-150, -20 dB) Ey[-150, -20 dB) Hx[-150, -20 dB) Hy[-150, -20 dB) Hz[-150, -20 dB)

9600.00

19200.00

28800.00

38400.00

48000.00

57600.00

67200.00

76800.00

86400.00

96000.00 .
1007; Record: 22{150; Sample Rate: 192000; Bat1: 16%: Bat2: 18%; Temp(C): 0; Lat: 37.3506813; Lngg: -121.7258453; Sat: 12; Time: 2021-08-25 19:

Qaadhs NI

Figure 3-3 Power Spectrum for recog2 of 150.

J88]vP A~ vE E_ Aloo A v §Z ]e%o0 C §} 8Z v ES E }E (JE }8Z §Z

The backspace key will display the previous record.

EH5 Software Manual V1 Rev B 7
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E. Hitting theDelete key when the time series is displayed will also mask out that record so it is not
usedin processing the data. Hittigelete again will reactivate the record so it is used in
processing. When the record is masked the bottom of the display turns red as shown below.

L A § | F 3 ]

[miRecord: 59/150; Sample Rate: 132000; Batl: 1626; Bat2: 1826 Temp(C): 0; Lat: 37.3506851; Lngg: -121.7258377; Sat. 12; Time: 2021-08-25 19:36:57

leady NUM

Figure 3-4 Red letters show the records not active and will notbe usedin data processing.

When viewing impedance curves, t = icon will allow you to switch between the impedance curves
and the site location ma

3.5 Time series header information
A. Click onTime Series\TS File Head Informatioto see the screen below:

Ts File Information X

Latitude: Fm Longitude: [m Elevation: 511

Hx Coil ID: 'W Hy Coil ID: [W Hz Coil ID: l—
Ex Length: I 50 Ey Length: 50 Ex Azimuth: ’0—
Dedination: [m Tempture(C): [0— SW Ver: S2.1

HW Ver: H2.3 E Gain: [0 Hean: [2
Chip ID1: | 3080267 Chip ID2: 842551556 Chip ID3 943077426

GPS Satellites: | 12 Serial No.: 1008 Line Freq: [60—
Site Name: | Comment: Operator: [—

x|

Figure 3-5- TSfile information

These fields cabe edited for processing.For examplejf the wrong calibration file had been
enteredit canbe changed here.Note that the calibration file information caibe viewed for
each receiveby clickingon “Edit\MT SiteList” asshown below.

/) GEOMETRICS
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MT Site List X
No. | Tip. Ref. Type | Ex Len(m) Ey Len(m] |B( Azim(deg) Hx Coil ID Hy Coil ID Hz Coil ID E Gain H Gain &
1 LocE j 50 50 13 G100k-1201 G100k-6011 G100k-1198 10 2
2 LocE ﬂ 50 50 13 G100k-1201 G100k-6011 G100k-1138 10 2
v
< >
| Combine Duplicate Sites | Close |

Figure 3-6- File calibration screenCalibration information carbe verified here.

However, the data cannot be edited in this screen. It must be edited in the screen when the TS files
A E E}uPZ3 Jvs} 3Z <}(3A E X dZ]WAPoess\AqovTS @HeBY % G} X«

Time Series Files  Add Ts Files... Clear Ts Files Delet= File Calibration Folder: ~ | C:\EhSPro'Cal
Mo. | File Name Box Type | Seri... [C... |Start Time End Time Exlen |Eylen |Ex Azim |Declin...| Hx Coil ID |HyCoiI ID HzCoilID | Site Name o)
1 1007202208102149.t51 Base T11007 |5 |2022-08-10 14:49 |2022-08-10 1454 |50.0 50.0 0.0 131 G100k-1201 [[SQDDIS NIl G100k-1198
2 1007202202102149.t2 Base >{1007 (5 2022-08-10 14:49 |2022-08-10 14:54 |50.0 50.0 0.0 131 G100k-1201 | G100k-6017 | G100k-1198
3 |1007202208102149.t53 Base 11007 |5 |2022-08-1014:49 |2022-08-10 14:54 |50.0 50.0 0.0 13.1 G100k-1201 |G100k-6011 | G100k-1138

v

< >

Reference Type Create MT Site By

© LocalH & LocalE ¢ Scalar ¢ RemoteH { RemoteE  { Remote EH " Serial Number {* Location ¢ SiteMame { FileName  Max. GPS Coord.Err(m): |10

W LocalTme [ Update ParametersByBox SN Min. Freg.: | 3 oK Cancel ‘

4.0 “Process” - Data Processing and Re-Processing

4.1 MT Processing

4.1.1 Open and view TS file for data processing

Click onProcess\MT Processingp see the meniAdd EH5 TS Files For MT Processing

Click orAdd TS Filesand go to your data files folder.
Select a TS file or a range of TS files by highlighting the files you want to process.

o0 w >

ClickOpen. An example of both TS1 and TS2 files for a range of stations as in the example

below (Figure 4-1) whergou selected both the TS1 and TS2 files for the stati@mwn below:

@ GEOMETRICS EH5 Software Manual V1 Rev B 9
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CearTsFies |  Deleterie |  CalbrationFoider: [C:\CALY =]

No. | File Name |BoxType | Serial...|StatTme | EndTime |ExLen |EyLen |ExAzim|Declin..|Hx Coil D [HyCoiliD |HzCoiliD |[siA
1 [1007202108251935.451 Base ~l1007  2021-08-2511:35 |2021-08-2511:40 (500 500 00 131 G100k-6011  G100k-6013
2 |1007202108251935452 Base =l1007  2021-08-2511:35 |2021-08-2511:40 (500 500 (00 131 |G100k-6011  GIO0k-6013
3 |1008202108251935451 Base |10 2021-08-2511:35 |2021-08-2511:40 (500 500 00 131 |G100k-1198  G100K-1201
4 |1008202108251935452 Base ~l100s  2021-08-2511:35 |2021-08-2511:40 (00 500 00 131 |G100k-1198  G100K-1201
5 |10072021082519401451 Base =l1007  2021-08-2511:40 2021-08-2511:45 500 500 00 131 | GIOOK-6011  G100K-6013
6 |1007202108251940452 Base ~l1007  2001-08-2511:40 [2021-08-251145 500 500 00 131 GI0O-6011  G10OK-6013
7 |10082021082519401451 Base |10  2021-08-2511:40 |2021-08-2511:45 (00 500 00 131 | G100k-1198  G100K-1201
8 |100820210825194052 Base =l 2021-08-2511:40 |2021-08-2511:45 (00 500 00 131 | G100k-1198  GI00K-1201
9 |1007202108251945.51 Base ~l1007  2021-08-2511:45 |2021-08-2511:50 (500 500 00 131 G100k-6011  GIOOk-6013
10 [1007202108251945.452 Base =l1007 202108251145 |2021-08-2511:50 (500 500 00 131 | G100k-6011  G100k-6013
11 [1008202108251945451 Base ~l100s 202108251145 |2021-08-2511:50 (00 500 00 131 | G100k-1198  G100K-1201
I(’ AANOINIINOISTINALS 4.7 Dacm 'l 1Mo NI N0 IS 11.48 N1 N0 IR 11.8n AN &nn nn 121 AN0L 1100 cAnNL 1M S A

Reference Type Create MT Site By
 localH @ LocalE ( RemoteH ( RemoteE ( Remote EH (" Serial Number (% Locaton ( SiteName ¢ FleName  Max. GPS Coord.Err(m): |10
¥ LocalTme [ Update Parameters By Box SN oK Cancel ]

Figure 4-1- This screen allows usets choose theT Sfiles they wanto process.

4.2 Viewing and editing site information

Special note: This is the place where you can edit the site information. For example, if you had entered
the wrong Hy coil calibration file name for Hy on receiver serial number 1010 it can be corrected here.
As shown below changing from Hy G100k-1528 to G100k-GIx2do this the bokJpdate

Parameters By Box S/fust be check as show below. Click OK to process the data with the new
calibration file.

Add Eh3 Ts Files For MT Precessing X
Time SeriesFiles  Add TsFiles... Clear Ts Files | Delete File Calbbration Folder: | C:\EhSPro\cal
No. |Fne Name Box Type | Seri.. | C.. |5tarmme End Time ExLen |Eylen |Ex Azim |Declin..|Hx Coil D |HyCoillID [HzCoilID |SiteName  ~
1 |1007202208102149‘t51 Base T11007 |5 |2022-08-1014:49 | 2022-08-10 14:54 |50.0 30.0 0.0 13.1 G100k-1201 |G100k-6011 [G100k-1198
2 1007202208102149.ts2 Base T11007 |5 DREEEY 2022-08-10 14:54 |50.0 30.0 0.0 13.1 G100k-1201 |G100k-6011 [G100k-1198
3 | 1007202208102149.ts3 Base Y1007 |5 |2022-08-1014:49 | 2022-08-10 14:54 |50.0 50.0 0.0 13.1 G100k-1201 |G100k-6011 [G100k-1198
v
< >
Reference Type Create MT Site By
’7 " localH (% localE ¢ Scalar { RemoteH ( RemoteE { Remote EH ‘ ’7 " Serial Number (% Locaton ¢ SiteMame ( FileName  Max. GPS Coord.Err(m): |10 ‘
¥ Local Time ™ Update Parameters By Box S/N Min. Freq.: |3 oK | Cancel |

Figure 4-2- Screen for adding Sfiles forMT Processing.

Note $Z § §Z u]v]upu (E <p v C (}JE S % E} e*]JvP v e« §]vsz ~D]JvX
3 Hz but it can be set to as low as 1 Hz.

/) GEOMETRICS
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43 Menu ltems
A. File Name Name of the .TS file

B. Box Type:This can either be Base which is the sounding station receiver. Or it can be Remote
which is the remote reference station.

C. Serial:ls the serial number of the receiver box.

D. Start TimeandEnd Time:Are the start and end times of the acquisition for that TS file.
E. EX Lenls the dipole length of the Ex dipole.

F. Ey Lenls the dipole length of the Ey dipole.

G. Ex Azim Is Azimuth of the Ex dipole.

H. Declination: Is the local magnetic declination of the site where the TS file was acquired.

I.  Hx, Hy,andHz Coil ID Are the serial numbers of he magnetic coils and also the calibration file
name of each coil.

J. Site Name Is the user designated name of the location where the TS file was acquired.

K. Sample Ratels the acquisition sample rate of the file. TS1 files are for the high frequencies
and are sample at 192 kHz and TS2 files are for the low frequencies and are sampled at 6 kHz.

L. E gainandH gain: Are the acquisition gains set in the field for that TS file.

M. Latitude, Longitude, andAltitude : Are the GPS lat, long, and elevation of that site, based on
the internal GPS of the in the receiver box.

N. Scans per recordls the number of samples in each record.

Selecting a file and clickimdelete File AJoo & u}A }voC 3Z 8§ (Jo (E}u 8Z o0]*3X o] |
remove all the files from the list.

Note: The calibration file folder for the TS files must be entered intoGladibration Folder field in
the processing menu screen. This is in the upper right of the menu screen as shown in in the green box
in Figure 4-3 below.

Add EhS5 Ts Files For MT Processing X

Time SeriesFiles  Add Ts Fies.. Clear Ts Fles Delete Fie Calibration Folder: | C:\CAL |
[Hc. File Name Box Type Serial ... | Start Time End Time Exlen |Eylen |Ex Azim|Dechn...| Hx Coil ID ]H_. ColliD HzCod ID SIe
Figure 4-3
~) GEOMETRICS EH5 Software Manual V1 Rev B 11
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The menu bar at the bottom of the screen is as follow:

Create MT Site By
" Serial Number (% Location ¢ SiteName ( File Name Max. GPS Coord.Err(m): l 10

Figure 4-4

44 Viewing processed data

dZ uvpvu ~E t§ Dd M Z}A §Zs aredetdrinined. They can be defined by the
serial number of the receiver box, the GPS location, the given site name, or the file nanmdaXhe
GPS Coord. Err(inis the GPS drift allowed before it is considered a different location.

ClickOK and the program will begin to process the data for each statidns can take several minutes
for large data setsAfter processing a multi-curve screen is displayed, as showigime 4-5.

» umtmea - tnarro - v oA
Fle Edit View Process TimeSeries EhSParameters Help
%« -5 B P ||impedance Cuves ~| [Orginal Asis =] [LocalE -l

Site 1 LocE [37.35069, -121.72584)-SN:1007; 2021-08-25 12:35

Impedance Phase m MusConxy Coherency & MaRCoNYX

App. Resistivity(ohm m)
Imp. Phase{degree)
Mult. Coherence

fnexy B RhsYI

Bostick Resistivity Strike and Skew

Bostick Resistivity(ohm m)
Strike(degree)
Imp. Skew
ExEy Power Density(nViHz)

Figure 4-5- Site 1 processed data

Click the right-left arrow keys to scroll through the sites selected.

Thelmpedance Curvesscreen shows apparent resistivity, impedance phase, coherency, Bostick
resistivity, station strike and skew, and spectral density for the selectedHite.individual plots can be
view from the plot type menu. For example, resistivity plots can be selected to see a display such as
seen in Figure 3-7 below.
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@ Survey-test-training.EhS - EhSPro - X

File Edit View Process TimeSeries Help

F e Apparent Resistivity =| [FiredStike  ~] [LocalE B

geol geo2 geo3

App. Resistivity(ohm m)
App. Resistivity(ohm m)
App. Resistivity(ohm m)

m RhaXY(TH) Frequency(Hz) * RhoVX(TE) hoYX(TE} Frequency(Hz) * RhoVX(TE)

geod geos

App. Resistivity(ohm m)
App. Resistivity(ohm m)

m RaXV(TH) Frequency(Hz) * RRGVHTE) m RaXV(TH) Frequency(Hz) * RRGVHTE)

Figure 4-6

45 Re-Processing

Reprocessing data that was previously processed may improve data quality. You may re-process the
data after reviewing the time series and making any necessary deletions to either the time series or
records. After the time series edits are finished, you should reprocess the data to see the newaesults
shown in Figure 4-7Note that you can set the minimum frequency for the processing. The default
minimum is 3 Hz but it can be set as low as 1 Hz.

Add Eh3 Ts Files For MT Processing X

Time Series Files ~ Add Ts Files... | Clear Ts Files | Delete File | Calibration Folder: | Ci\EhSPro\Cal

No. | File Name |Box Type | Sefiu. | Cr | StortTime | End Time |ExLen |Eylen |ExAzim|Declin..| Hx Coil D |HyCoillD |HzCoillD |SiteName A

1 1007202208102149.ts1 Base ﬂ 1007 |5 2022-08-1014:49  2022-08-1014:54 | 50.0 50.0 0.0 131 G100k-1201 | G100k-8011  G100k-1198

2 1007202208102148.t52 Base j 1007 |5 2022-08-1014:49 | 2022-08-1014:54 | 50,0 50,0 0.0 131 G100k-1201 | G100k-8011  G100k-1198

3 1007202208102149.ts3 Base ﬂ 1007 |5 2022-08-1014:49  2022-08-1014:54 | 50.0 50.0 0.0 131 G100k-1201 | G100k-8011  G100k-1198

— w

< >
Reference Type Create MT Site By

" localH & localE  Scalar ¢ RemoteH  RemoteE  { Remote EH (" SerialMumber % locaton ( SiteMame ¢ FileName  Max. GPS Coord.Err(m): |10

¥ Local Time I” Update Parameters By Box 5/M Min. Freq.: 3l Cancel
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Figure 4-7- Screen that appears after clicking Reprocessing.

Note the following when re-processing data:
A. You may change the reference type and MT site type.

a. If the GPS locations of two soundings are greater tharMa&. GPS Coord. Err (m)
the two soundings will be treated as two separate sites. If the distance is less than the
Coord. Erthe two soundings will be combined as one site.

b. Iflocal time is checked, the local computer time is used. If it is unched&®T time
is used.

B. The correct calibration folder must be indicated in Balibration Folder field.

C. Parallel Noise Processing This allows the operator to set up the two H coils parallel to one
another, and the two electrodes parallel to one another but perpendicular to the two H coils.
The parallel data is then used to display the noise level on the sensors and display parallel
apparent resistivity and phase.

D. Re-processing allows the user to view the file parameter menu shown in Figure 4-7 and make
changes to the parameters, then process the files again.

E. Undo Processing
a. Undo processing will revert the re-processed data back to its original processed state.

46 Viewing the station survey positions:

Note that clicking on thi = icon from the impedance curves screen will show the site location map
of the data. Right clicking on the site location map will switch to the impedance curves display. If the
™ edit icon has been activated right click the impedance curves will not switch to the location map.
Instead, it will swap the position of the Zxy and Zyx impedances.

The display scales can be changed by goingew/Display Settings The parameters can be edited
in the following menu:
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Display Settings

Min. Frequency: I E
Min. Resistivity: I 1
Min. Imp. Phase: -130

Min. Depth: I 1
Min. Power Density: I 0.0001
Min. Tip. Magritude: IﬂI

¥ Auto Curve Plot Range

Max. Freguency: I 100000

Max. Resistivity: 1000

Max. Imp. Phase: I 90

Max. Depth: 1000

Max. Power Density: I 10000
Max, Tip. Magnitude: |1—

EMAP Smooth Factor: I 1

Site Label in Location Map

™ Mo Label ¥ Seguence in Profile " site Name
Default I QK Cancel
Figure 4-8

Clicking orAuto Curve Plot Rangewill automatically scale the plot axes to the range of the data.
§ E+ WEH5AY Gl WVE B&JoE -+ X

"NSE S Pu A <pleS]lv % & u

s

below:
EH5 Data Acquisition Parameters

E Gain: |10 vl Rec. Channels: |5 vl

H Gain: IZ VI Line Freq.: 50 -

Mode: Im Ts1Rec. Length: Im

Ex Length(m): Ey Length(m): IEU—

Hx Cail 1Dz I Dedlination: I 0

Hy Cail ID: I— Hz Coil ID: I—

Site Mame: I Ex Azimuth: I 0

Operator: I

Comment: I

File Minute: 5 Acq. Minute: 500

Sched. Start Hour: IU— Sched. Start Minute: ID—
Save Prm. File... | Read Prm. File... |
Save Prm, To ERS | Read Prm. From ERS |

Reset Parameters in ERS | Exit |
@ GEOMETRICS EH5 Software Manual V1 Rev B
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/I(Cly E Vv}8 E }E JvP A E3] o (] o u Pv §] § ~,ie ]+ ]« Ale o 3]}
from 5 to 4. If you are not using channel 5 it is a waste of data memory and acquisition time to not fill

up the memory with data from channel 5, whick would only be noise without a mag sensor connected.

See the menu below.

EH5 Data Acquisition Parameters X
E Gain: 10 - Rec. Channels: -
H Gain: m Line Freq.: 50 -
Mode: lm Ts1Rec. Length: |16k hd
Ex Length(m): | 50 Ey Length(m): 50
Hx Coil ID: Dedination: 0
HyGolm: [ HzCol: [
Site Mame: Ex Azimuth: 0
Operator:

|
Commerit: |

File Minute: 5 Acq. Minute: 500
Sched. Start Hour: | 0 sched. Start Minute: | O

Save Prm. File... Read Prm. File...

Exit

4.7 Parallel noise processing

Parallel Noise Processing The parallel nose test is a quality control tool that can help determine if

the instrument and sensors are working properly. Parallel Noise Processing allows the operator to set
up the two H coils parallel to one another, and the two electrodes parallel to one another but
perpendicular to the two H coils. The parallel data is then used to display the noise level on the sensors
and display parallel apparent resistivity and phase.

Parallel noise test field operation In order to do the scalar parallel noise test the system must be

set up in a parallel mode in the field and data acquired. Parallel mode means that botth E-fiel
measurements are parallel to one another and both H-field measurements are in parallel to one another
but perpendicular to the E dipoles. For example, if both E dipoles are oriented to 0 degrees then both
magnetic coils should be oriented to 90 degrees. Data is then acquired in the parallel mode.

4.7.1 Parallel noise test processing: Do the following

A. Click on Process/Parallel Noise Test

B. Choose Add TS File and select the file or files that were acquired in the parallel mode. Click
Open

C. You will see the following screen:
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¥ unuoea - tnorro
Gle fdt View Process TimeSeries Help

=] ]| =

Box SN :1006; E Gain: 10; H Gain: 2 [2021-10-13 20:34:00)

ExEy Noise Spectral Power Density HxHy Noise Spectral Power Density

Power Density(nVi/rtHz)
Power Density(pT/tHz)

100000 10000 1000 100 0 100000 10000 1000 100 0
Frequency(Hz) Frequency(Hz)

Figure 4-9- Screen showing parallel noise spectral power density.

Note that the top of the screen shows the receiver box serial number, the E and H gain levels, and the
date and time of acquisition as shown below:

Box 5N :1006; E Gain: 10; H Gain: 2 [2021-10-13 20:34:00]

4.7.2 Parallel noise test interpretation

The noise spectra is an indication of instrument noise. Be aware that there are few limits when
interpreting the noise spectra. The E power density is normally less than 200 nV/rtHz. Power density
higher than that may indicatan instrument problem. H power density less than 0.1 pT\rtHz is good and
above that might indicate an instrument problem.

*u}}$3Z PEA ]+ P}} U pus }v[s }JA EoC }v Ev Jus (A E v Ju «%
noise spectrum. Perform this test in a low-noise zone, as these spikes might be the result of
environmental noise. The examples above were selected to show random spikes on the noise spectra.
Or random noise in the instrument operation.

Short-Circuit Noise ProcessingYou may perform a Short-Circuit Noise test to confirm the noise

level on the sensors. To do this, you must short circuit the channels prior to starting the test using a set
of short circuit test cables. After short-circuiting the channels, you may now perfor the test by doing the
following:

A. Click on Process and select Short Circuit Noise Process

B. Click Add TS Files and select the TS files that you created during the by short-circuit noise test.

/) GEOMETRICS
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C. Click OK to see the following noise test soree

» untmes - enorro -
Gle Edt View Process TimeSenes Help

el 3TIS] Al =] =) K|

Parallel Noise Test - Box SN :1006; E Gain: 10; H Gain: 2; 2021-10-13 21:34:00 (39.44632, 116.36849)

ExEy Parallel Noise (Avg=41.3nV/rtHz) HxHy Parallel Noise (Avg=0.014pT/rtHz)

Power Spectral Density(nVirtHz)
Power Spectral Density(pT/rtHz)

Frequency(Hz) Frequency(Hz)

Figure 410 - Screen showing the data collected during a Short-Circuit Noise Test.

Theblack letters at the top of each channel test indicate a palsdletters at the top of the screen
indicate higher than acceptable noise levels for that chaniibe measured noise levels are shown in
each chann®[s Z ]JvPX
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5.0 Site Location Map

5.1 Site location map display
The locations are of sounding sites are determined by the internal GPS in the receiver box. An example
is shown below:

) Untitled - Eh5Pro - a X
File Edit View Process Time Series Help
3 == = ]Impedaﬂce Curves ﬂ L]f;"': Auis J “'»j-r:'f»'- _]
Site Location Map ( Line Azimuth: -21)
A
A
A
A

_ A

- A

a A

‘E

= A

A
A
A
A
Longitude (Degree)

taad NI

Figure 5-1- Site location display map.
Coordinates are given in latitude and longitude. Teubtriangle is the active station.
The 2-D projection of the profile line can be displayed by clicking "Set Default Profile” in the "Edit"

menu. An example is below. The 2-D projection can also be set manually by enabling the edit icon then
holding down the Ctrl button and dragging the mouse. See the example below.
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w unuves - enorro - e oA
Fle Edt Miew Process TimeSeries Help
= e 2> B8 TS| & |wpedance Cuves | |osgnaias:  ~] [Remote =l =l
Site Location Map ( Line Azimuth: -21)
37.35573
37.35475
~  37.35377
O
S
=0
<
a
=]
& 37.35279
E
=
-
37.35181
n
37.35083 3
N
1
37.34985
-121.73066 -121.72944 -121.72821 -121.726%8 -121.72576 -121.72453 -121.72330
Longitude (Degree)

Figure 5-2- Set default profile

w ununco - torre - e oA
File Edit View Process TimeSeies Help
# €| > | @ T 5 ¥ |impedance Cuves ] [oignaizs:  ~] [Remote =22 -]
Site Location Map ( Line Azimuth: -21)
37.35573
‘A
13
A
37.35475 12
n
A
10
37.35377 A
) =
c
g
& 3
2
&  37.35278
2
=
-
37.35181
37.35083 - - —_
A
1
37,3485
=121.730€¢€ -121.72944 -121.72821 =121.72698 -121.7257¢ -121.72453 =121.72330
Longitude (Degree)

Figure 5-3t Profile projection after manually setting the profile
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CAUTION The station can be disabled on the site location map if you are ieditemode by pressing

the icon and [#] then left clicking on a site position. Left clicking the disabled station again will
enable it. If you are not in the Edit mode then right clicking the position has no effect. Right
clicking the site location will take you to the impedance curve screen. If the site has been disabled you
will see the screen below. The top header will be red with the ldiselbled displayed.

# unumea - enoero
File Edit View Process TimeSesies Help
Z « > B 1T % [roedsceCurves | [Ongnalss: =] [LocalE -l

referencesite LocE (37.35069, -121.72584)-SN:1007; 2021-08-25 11:35 [Disabled)

Impedance Phase

Imp. Phase{degree)
Mult. Coherence

App. Resistivity(ohm m)

Bostick Resistivity Strike and Skew

Strike(degree)

Bostick Resistivity(ohm m)
ExEy Pover Density(nVirtHz)

2t stiniinsiserntotenses

® Bosty Degenirm * Sos¥X ® Sria Erecoanzyiz . S

Figure 5-4

When theedit icon is clicked, you may swap the XY and YX positions by placing the cursor on a phase or
impedance and left clicking.

5.2 Creating and viewing site names:
5.2.1 Site name

To name the site locations go Edit>>MT Site Listas shown below:
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|
MT Site Information

No. ] Elevation Rotate Type Imp. Ref. Type | Start Time End Time Enable lSite Name Tip. Ref. Type | Ex Len Eylen ~
1 5290 Orig Axis Y| RmtE ~|2021-08-1118:15 |invalid Time ~ |vES > 50 50
2 528.0 Orig Axis _Y|RmtE ¥ 12021-08-11 18:15 |Invalid Time YES _Y|Site2 50 50
3 528.0 Orig Axis Y| RmtE ~ 12021-08-11 16:45 |Invalid Time YES  _T|Site3 50 50
- 523.0 Orig Axis Y |RmtE ¥ 12021-08-11 16:45 |Invalid Time YES _T|Sited 50 50
5 532.0 Orig Axis Y| RmtE ~12021-08-11 15:10 |Invalid Time YES  _T|Site5 50 50
6 532.0 Orig Axis Y| LocE ¥ 12021-08-11 13:10 |Invalid Time YES _T|Siteb 50 50
7 528.0 Orig Axis Y| RmtE > 12021-08-11 15:10 |Invalid Time YES  _T|Site? 45 30
8 521.0 Orig Axis _Y|RmtE ¥ 12021-08-09 15:35 |Invalid Time YES _T|Site8 50 50
9 522.0 Orig Axis Y| RmtE ~ 12021-08-09 15:35 |Invalid Time YES  _T1Sited 50 50
10 518.0 Orig Axis Y| RmtE ¥ 12021-08-09 12:50 |Invalid Time YES _T|Site10 50 50
‘ n 516.0 Orig Axis YilocE ¥ 12021-08-09 12:50 |Invalid Time YES v 1Sitell 50 50 v
< >

Delete MT Site | : tes | Close

Figure 5-5- Site Information screen

To display the site names on the site location map gdiew/Display Settingsto see the following
menu

Display Settings *

in. Frequency: IE Max. Frequency: IW
in. Resistivity: | 1 Max, Resistivity: 1000
r. Imp. Phase: -180 Max. Imp. Phase: IQU—
Min. Depth: I 1 Max. Depth: 1000

Min. Power Density: IU.UUUl Max, Power Density: I 10000
Min. Tip. Magnitude: I':I Max. Tip. Magnitude: I 1
¥ Auto Curve Plot Range EMAP Smooth Factor: I 1

Site Label in Location Map

M

M

Mi

™ Mo Label " Seguence in Profile * site Name

| Default I | QK I Cancel

Figure 5-6- View, display, and edit display parameters here.

ClickSite NameandOKto see the site names displayed as follows:
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File Edit View Process TimeSeries Help

Z|«| > @|T| % |[stetocsionMap ~] [Crigna s ~] [Remate =]

‘ Site Location Map ( Line Azimuth: -21 )

27.25572
A
smel 4
27.25478 t
Sive2
s |
Smes 4
| et
a7.asa17 . ! A
v 2imes
4 | |
o
Sived
2 a7.asa7s A
‘E T Sive?
= A
=
| o Sizes
-
a7.as101 . t T Sives
Sivelo
A
37.as083 : I t Sivell
|
Sivelz
| A
| s4ne22
| 37.24585
-131.730€¢ -121.72844 -121.72821 -121.72¢98 -121.7287¢ -121.72452 -121.72320

‘ Longitude (Degree)

Figure 5-7- Plot showing the data labeled during the previous step.
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6.0 Top Menu Bar Options

6.1 Opening and exporting file type:
6.1.1 File

A. Open: This allows you to open a *.EH5 file that was previously savedSeoreor Save As

B. SaveandSave AsAllows you to save processed and edited TS files as a .EH5 file to save all the
edits and processimn

C. Close Closes the currently open file in EH5Pro.
D. Export EDIFile Export data in a .EDI format.

E. Export EMAP to XYZ FileCreates a standard ASCII file with EMAP data@ithetv(line
position),Depth, andResistivity.

F. Export KMZ File Exports GPS station locations as Google Earth .KMZHdegxample the
follow KMZ files can be opened in Google Earth:

m
wy
N
"

Name Date modified Type

)

)
N NNNNNNNNNRINRN®N

m

m ™

itell.kmz 9/10/2021 2:39 PN
ite12.kmz 9/10/2021 2:39 PM

ite13.kmz 9/10/2021 2:39 PM

Figure 6-1- Data savedskmz files
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To show the following map.

Site6

asiter

aSited

gSite10
asiteilt

&Siteil2

jSIte13

| ; v Google Earth

Figure 6-2- Data from previous figure displayedn Google Earth.

G. Download EH5 data files This allows you to download EH5 TS files directly from the EH5
receiver. The receiver must be turned on and the Windows device must be connected to the
E ]A E][Thg BHX network is EH5***tfvhere **** is the serial number of the receiver
box. For example the WiFi name EH51007 is generated by receiver serial number 1007.

H. Click orFFile\Download EH4 Data Fileo see the following menu which will show the TS files
that are in the EH5 receiverin this case for receiver number 1007.
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Eh5 Data File Download

File Download Folder in Local Computer: | C:\EhSData\2022-08-25\

=

Refresh | Data Files in EHS Receiver
No. |File Name | File Size(kB) | Acq. Time | File Status A
1 |1007202200081732451 38,405 2022-09-0809:32 | Acq. Done
2 |100720220908173242 28,135 2022-09-0809:32  Acq. Done
3 |1007202209081732453 352 2022-09-0809:32 | Acq. Done
4 [1007202200081805.4s1 48,005 2022-09-0810:05  Acq. Done
5 |1007202209081805452 35,166 2022-09-0810:05  Acq. Done
6  |1007202209081805.453 | 440 2022-09-0810:05 | Acq. Done
7 |1007202200002015.451 4,481 2022-09-09 1215 Acq. Done
8 |1007202200002015.2 3,284 2022-09-09 1215 Acq. Done
9 |1007202209002015.453 |41 2022-09-0912:15  Acq. Done
10 |1007202209092019451 8,705 2022-09-09 1219 Acq. Done
11 |10072022000920194s2 6,471 2022-09-09 1219 Acq. Done
12 110072022000920194s3 81 2022-09-09 1219 Aca. Done v

[V Download Today (Local Time) Data Only

Delete | Download Create Folder By Date l
[226 Total 60857 KB (0 % free) ~
< 213 256
< 200 NOOP command successful.
< 200 NOOP command successful.
< 150 Opening data connection to c0a81065ip:61067
< 226 Closing connection 256 bytes transmitted
v
Delete Al Download Al Download Allin Background |
[V Local Time Min. Time Interval between Sites(minute): | 10

Figure 6-3t TS files stored in the EH5 Receiver.

I.  The menu will allow you to delete TS files or to download them to the Windows device for data
o§ _
oo_ AJoo

processing. * o $]vP d” (Jo AJoo &§]A §
§Z <« 0 8§ (]Jo ~+*+X o] I]vP }v ~ o0 §
memory.
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J. When downloading the files, a folder is automatically created on the Windows tablet or PC.
The folder name and location is displayed as the data is downloalfiog.can manually create
the data folder by clicking the three periods on the right side of the screen as seen below:

File Download Folder in Local Computer: | C:'EhSData!2023-04-04) I

K. EH5 Acquisition Parameters Allows you to view and edit the EH5 acquisition parameters as
shown in the image below:

L. Upgrade EH5 web based GUIThis requires a connection to the EH5 receiver and will allow
for sending upgrades to the EH5 receiver.

M. Upgrade EH5 firmware This requires a connection to the EH5 receiver and will allow for
sending firmware upgrades to the EH5 receiviéiyou are only using Ex, Ey, Hx, and Hy change
§Z ~Z X Z vv oe_ 38} dX dZ]e o00}Ae (}JE (8 E & }Avo} 3SJu e
data that is only noise on channel 5.

EH5 Data Acquisition Parameters

E Gain: [10 v|  Rec.Channels: |5 ~|

H Gain: - Line Freq.: |s0 |
Mode: [Manual |  Ts1Rec.length: |16k ~| |
Ex Length(m): |50 EyLength(m): | SO |
Hx Coil ID: | Dedlination: |0

Hy Coil ID: [ Hz Coil ID: [

Site Name: | Ex Azimuth: |0 |
Operator: |

Comment: [

File Minute: | 5 Acq. Minute: 600
Sched. Start Hour: | 0 Sched. Start Minute: | 0

Save Prm File... Read Prm File...

Exit
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Figure 6-4- Screen for reviewingr editing EH5Acquisition Parameters
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/) GEOMETRICS

Editing
MT Site List Provides information about each station such as serial number of the receiver, GPS

position, etc.Enableallows the user to choose to use or not use that station in the proogsslticking
the site information will display the screen beloBite names can be changed in this menu.

MT Site List X
No. |Box S/N| Latitude Longitude Elevation Rotate Type Imp. Ref. Type | Start Time End Time |Enable | Site Name )
B 1002 3735030 12172559 |5130 [~] B 2021-08-24 21:35 {Invalid Time -]

2 |1007 3735069 2172584 5160 OrigAxis | RmtE ~|2021-08-2421:35 Invalid Tme  ves =]

3 w07 3735m 2172612 (5160 Orighis | LocE | 2021-08-0919:50 |invalid Tme  |ves =]

4 |1008 3735160 12172623 5180 Orig Axis Y| RmtE >12021-08-0919:50 Invalid Time  vEs )

5 |07 3735204 2172633 5220 Orighaxis | RmtE | 2021-08-0922:35 |Invalid Time ~ |ves =]

6 |1008 3735246 2172639 5210 OrigAxis | Rmte | 2021-08-0922:35 |Invalid Tme ~ |ves |

7 |1008 373529 12172674 5280 Orig Axis | RmtE =12021-08-112210 Invalid Time ~ vEs =]

8 |1007 3735335 12172691 5320 Orighs | LocE 1202108112010 invalid Time  ves x|

9 [1007 3735381 A21m3 (5320 Oighds |Rmte  ¥|2021-08-1122:10 invalid Time  vEs =)

10 |1008 37.35424 2172734 (5230 OrigAxis | RmtE >l 2021-08-1123:45 [invalid Tme ~ ves =]

1 [1007 3735457 2172767 5280 Orig Axis | RmtE ~12021-08-1123:45 InvalidTime  ves <l v
< >

e | | = S—

Figure 6-5- Screen for viewingr editing site locations.

Click onNo. (Site Number) to highlight the site, then clklete MT Siteto remove the site. Click on
Combine Duplicate Sitesto combine sites with the same location.

Elevation information can be read from the receiver GPS or entered manidiyu items include:
A. Parallel Noise Test List Provides information about a parallel noise test thasheen
performed.

B. Short Circuit Noise List Provides information about a short circuit test that has been
performed.

C. Rotate All Sites This mathematically rotates the orientation of the sensors for all sites.
a. Original Axisis the original orientation in the field of the X-direction sensors

b. Max Zxyrotates the impedances to maximize the amplitudes of the X-direction
impedances.

c. Max Zyxrotates the impedances to maximize the amplitudes of the Y-direction
impedances.
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d. Fixed Strikerotates the station to any orientation selected by the user.

D. Set All Site Impedance Reference TypandSet All Site Tipper Reference TypeThese
options allow you to select what type of referencing can be used.

a. RMTuses a remote site as the reference. This requires two receiver boxes.

b. Loc Huses the local magnetic data as the reference. This can be done with a single
receiver box.

c. Loc Euses the local electric field measurements as the reference. This can be done
using a single receiver box.

d. Scalaruses only scalar measurements. This is generally not recommended.
E. Set Default Profile Shows a line that indicates the default profile azimuth.
F. Reverse Profile Azimuth Changes the line azimuth by 180 degrees.
G. EnableAll Frequencies Re-enables any frequencies that have been previously masked out.
H. Delete Frequencies Allows the user to delete all frequencies above or below set boundaries.
I. Reverse Zxy PhaseReverses the X direction phase by 180 degrees
J. Reverse Zyx PhaseReverses the y direction phase by 180 degrees

6.2 View
A. Toolbar: Turn on or off the tool bar at the top of the screen.

B. Status Bar Turn of or off the tool bar at the bottom of the screen.

C. Display Settings Allows user to set the plot scales, as in menu beldw. $Z » us} HEA Wo}s

ZVvP _ 1+ Z | 8Z & +]*3]A]1SC » o0 Athedatquesististy rangeC ipe3 §}
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Display Settings *

Min. Frequency: E Max. Frequency: IW
Min. Resistivity: 1 Max, Resistivity: |1IIIIIIEI—
Min. Imp. Phase: l'lBU— Max., Imp. Phase: l'g':'—
Min. Depth: 1 Max. Depth: |1I:II:II:I—

Min. Power Density: 0.0001 Max, Power Density: 10000
Min. Tip. Magnitude: |0 Max, Tip. Magnitude: 1

[ Auto Curve Plot Range EMAP Smooth Factor: 1

Site Label in Location Map

" Mo Label {* Sequence in Profile " Site Mame

Default | Ok Cancel

Figure 6-6 Display Parameters

TheDisplay Parametersin the top box allows the user to set the screen display scale for the
parameters shown in Figure 6-6 above.

EMAP Display Settingsthis allows changing the EMAP display. This only is active when an EMAP 2-

section is created. The color settings are shown as below: The depth scale for start and stop of depth

of the 2-D section can be set hereo] IJvP }v ~* § }o}& > A o_ AlJoo 00}A C}u 3} Z v
and maximum color scale used for the EMAP 2-D display,

Section Display Settings *

Color Table
Color Color Level... G
12.94527
14.74582
16.80592
1914865
21.81794
2485933
28.32469 b

Start Depth{m): 4,2018016873743
End Depth(m): 549,887478224031

™ Log Depth ™ Indude Topography

¥ Show Site Location [ Default Color Table

Reverse Color | Set Color Level... |

Cancel |

AN § Yo} @& wil disptay the following screen to set the color scale:

/) GEOMETRICS
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Color Level Range et

Min. Level: Ilﬂ—
Max, Level: I‘H:I
V¥ Log. Uniform

Cancel |

6.3 Processing and Reprocessing Data:
6.3.1 Data Processing
A. MT ProcessV dZ]es ]+ A£%o0 Jv ]Jv ul@E 3.0]Rrocesa ~ |\5 « WsE NV 4+]VvP_X

It allows the user to add, clear (close), or delete TS files. It also tells the software thieoil
calibration files are located.

B. Re-Processing Reprocessing of formerly processed data can sometimes be used to improve
the quality of the data. When you chooB&-Processing the menu in Figure 4-7 is displayed:

Re-Precessing MT Site X
Tine Sees e | | [Coommme ] catbratonFoder: [EREAN ]
No. |File Name ‘ Box Type | Serial ... | Start Time J End Time ] Exlen |Eylen | Ex Aznm“ De(lm...j Hx Coil ID ] Hy Coil ID | Hz Coil ID J SiA
1 1007202108251935.ts1 Base ~ 11007 2021-08-25 11:35  2021-08-25 11:40 ' 50.0 50.0 0.0 131 G100k-6011  G100k-6013
2 1007202108251935.ts2 Base =007 2021-08-2511:35 | 2021-08-2511:40 500 50.0 0.0 131 G100k-6011  G100k-6013
3 1007202108251940.ts1 Base ~l1007  2021-08-2511:40 | 2021-08-2511:45 |50.0 50.0 0.0 131 G100k-6011  G100k-6013
4 1007202108251940.4s2 Base ~l1007  2021-08-2511:40 | 2021-08-2511:45 500 50.0 0.0 13.1 G100k-6011  G100k-6013
5 1007202108251945.ts1 Base ﬂ 1007 2021-08-25 11:45  2021-08-25 11:50 ' 50.0 50.0 0.0 131 G100k-6011  G100k-6013
6 1007202108251945.ts2 Base ~11007  2021-08-2511:45 | 2021-08-2511:50 | 50.0 50.0 0.0 131 G100k-6011 | G100k-6013
2 1007202108251950.ts1 Base LJ 1007 2021-08-2511:50 | 2021-08-25 11:55 |50.0 50.0 0.0 131 G100k-6011  G100k-6013
8 1007202108251950.452 Base .ZJ 1007  2021-08-2511:50  2021-08-25 11:55 |50.0 50.0 0.0 131 G100k-6011  G100k-6013
9 1007202108251955.ts1 Base ~l1007  2021-08-2511:55 | 2021-08-2512:00 50,0 50.0 0.0 13.1 G100k-6011  G100k-6013
10 1007202108251955.ts2 Base l] 1007 2021-08-25 11:55 1 2021-08-25 12:00 ' 50.0 50.0 0.0 131 G100k-6011  G100k-6013
n 1007202108252000.ts1 Base L] 1007 2021-08-25 12:00 ' 2021-08-25 12:05 ' 50.0 50.0 0.0 13.1 G100k-6011  G100k-6013
I<'l AAMTINIINGICINVN 4.7 Dacm 'I 17 NI N0 IC 1A NI A0 IR 1NE &N n AN nn 91 AN ent LANNL BN 5 he
Reference Type Create MT Site By
C localH @ LocalE (" RemoteH (" RemoteE (" Remote EH C SerialNumber (% Location (" SiteName (" FleName  Max. GPS Coord.Err(m): |10
¥ Local Time ™ Update Parameters By Box SN oK Cancel ]

Figure 6-7

C. Note the following when re-processing data:

a. The reference type and MT site type can be changed.
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b. If the GPS locations of two soundings are greater than the Max. GPS Coord. Err (m) the
two soundings will be treated as two separate sites. If the distance is less than the
Coord. Err the two soundings will be combined as one site.

c. Iflocal time is checked the local computer time is used. If it is unchecked GMT time is
used.

d. The correct calibration folder must be indicated in the Calibration Folder field.
D. Undo Processing Reverts the data to before the previous processing.

E. Parallel Noise Processing This allows the operator to set up the two H coils parallel to one
another, and the two electrodes parallel to one another but perpendicular to the two H coils.
The parallel data is then used to display the noise level on the sensors and display parallel
apparent resistivity and phase. The noise processing menu is as follows:

1 EhS Ts Files For Parallel Noise Processing

Time Series Files Add Ts Files... ] Clear Ts Files Delete File Calibration Folder: | C:\EhSPro\Cal
o. |File Name Box Type Serial ... | Start Time End Time ExLen |Eylen ‘ Ex Azim | Declin... | Hx Coil ID Hy Coil ID ! Hz Coil ID Test ID (ad
v
>
Reference Type Create MT Site By
P I c C & Max. GPS Coord.Err(m): |
¥ Local Tme ™ Update Parameters By Box SN M. Freq.: Cancel ]

After acquiring the data in the parallel mode, clidd TS Filego read the TS files that were created
during the parallel test. Read in the files and didk The noise test screen similar to the one below
will be displayed showing system noise levels on the electric and magnetic channels.

@ GEOMETRICS EH5 Software Manual V1 Rev B 33

Simplify your search



Parallel Noise Test- Box SN :1006; E Gain: 10; H Gain: 2; 2021-10-13 21:34:00 (39.44632, 116.36849)

ExEy Parallel Noise (Avg=41.2nV/rtHz) HxHy Parallel Noise (Avg=0.0l4pT/rtHz)

Power Spectral Density(nV/rtHz )
Power Spectral Denslity(pT/rtHz)

50000 5000 500 50 50000 5000 500 50 5

Frequency(Hz) Frequency(Hz)

E Channels Noise @ Gain 10 < 50(nVirtHz]; H{G100k) Channels Noise @ Gain 2 < 0.03(pT{rtHz]

Figure 6-9

F. Short Circuit Noise ProcessThis test is done with all channel terminals shorted together. It
is a quality control noise test that is done on all systems before shipment from the factory.

G. Process All Files in Downloaded Foldgalso Recent Files and Last Site): This tells the
software what files you want to process.

H. Process Today (local time) DataThis will process only data from the current date.
I. Process Last MT SiteThis wil process only data from the most recent site.

6.4 Time Series:

A. Set Time Series Display GairThis is screen gain only. It does not affect the acquisition
gain.

a. Fix Gain allows the user to set a pre-determined display gain for the E and H channels.
It does not automatically change based on the signal amplitude.

b. Auto Gain: « § Z Z vv o[* ]*%0 C P ]Jv]v % v vS§oC =« }v §Z
amplitude and the width of the display channel.

c. Same Auto Gain for the Same Ch Typell automatically set the gain for both E
channels to the same gain setting and both H channels to the same setting. The gains
for E and H can be different. This is generally the recommended setting for best in-field
quality control.

B. TS File Head Information This shows details of the displayed time series file.
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Ts File Information

Latitude: 37.3506774902344
Hx Coil ID: G100k-6011
Ex Length: 50

Dedination: 13.1000003814697
HW Ver: H2.3

Chip ID1: 2883607

GPS Satelites: | 12
Site Name:

Longitude: -121.725830078125
Hy Coil ID: G100k-6013
Ey Length: 50

Tempture(C): |0

E Gain: 10

P
Serial No.: 1007

Comment:

Elevation: 519

Hz Coil ID: [—
Ex Azimuth: |0

SW Ver: S2.1

Hea: [T
coms  [EES
Line Freq: 60

Operator:

x|

/) GEOMETRICS
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Figure 610 - Acquired time series information

. Open Time Series FiteThis will allow you to navigate to the folder with your survey data an
select the time series files you want to view.

. Save Time Series FileAfter editing (masking out) individual time series records in the file
they need to be saved to use the edits in data processing. It is recommended that the edited file
be given a new name to show it has been edited.

. Go To RecordAllows you to view a specific recorded in the selected TS file. For example, if
there are 150 records in the selected TS fileand yog & ~iii_ ]85 AJoo «Z}A & }E vpuu
in the file.

Check Current Site Time SeriesThis will show all the TS files available at the same site
based on the GPS location of the site.
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geod Time Series Files ot

Mao. File Mame File Size(KE) Folder 2
1 1008202108122145.21 192,005 C:M\Eh5Data\EH5-data\.Gant Ranch tes
2 1008202108122145.452 35,166 C:\Eh3Data\EH5-data\Gant Ranch tes
3 1008202108122150.s1 192,005 C:h\Eh3Data\EH5-data\Gant Ranch tes
4 1008202103122150.ts2 35,166 C:\Eh3Data"EH5-data\Gant Ranch tes
5 1008202108122155.£=1 192,005 C:M\Eh5Data\EH5-data\.Gant Ranch tes
b 1008202108122155.452 35,166 C:\Eh3Data\EH5-data\Gant Ranch tes
T 1008202108122200.ts1 192,005 C:h\Eh3Data\EH5-data\Gant Ranch tes
3 1008202103122200.ts2 35,166 C:\Eh3Data"EH5-data\Gant Ranch tes
9 1008202108122205.£=1 192,005 C:M\Eh5Data\EH5-data\.Gant Ranch tes
10 1008202108122205.452 35,166 C:\Eh3Data\EH5-data\Gant Ranch tes
11 1008202108122210.4s1 157,444 C:h\Eh3Data\EH5-data\Gant Ranch tes
12 1008202103122210.ts2 23,953 C:\Eh3Data"EH5-data\Gant Ranch tes

W
< >
Copy To... Exit

Figure 611 t Timeseries menu

Clicking on a time series af@pen Cur. Ts Filallows you to view all the time series for that record.

o} v}i8] 8z ~ }u]v _ u8S}vX [/(8Z S ] 0] oo 8Z d~i (Jo « AJoo
file and given a name indicating the station for the data. For example if you are working in station
ANE i v o]l ~}lulv _ 135 Alpo E § v A driU dAMU v d2T (Jo o e eZ
[ Mame Date modified Type Size
D Sitel_1013202303260123.1=2 5/23,/2023 9:50 AM T52 File 34013 KB
D Sitel_1013202303260125.t=3 54232023 9.50 AM T53 File 0,083 KB
D Site1_1013202303260123.t=1 54232023 950 AM T51 File 742 473 KB

This each file combines all the TS file of its type fot that station. If you want to review all the mid-band
TS2 files you would do the following after creating the TS station files:

F. o] | "d]ju VK&]vd]u "~ E] * &]o _

G. "o $8Z Julv d~ (Jo Clu A vE 8} J8U (JE £ u%o ~A1§ iziififi

/) GEOMETRICS
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H. Click Open to see the time series

vi E_ I C 3} u}A (JEA E 3ZE}uPz 3z E }E » v Z
03 | C38tu-el}us S8SJlu « E]l E }E X

J. (8 & ]8]vP §Z (Jo P}NAAdJw ™ &] = &Jo _X

K. Select§Z (Jo v P]A 13 v A Gital X0M82@FID3FA60123-editl.ts2

6.5 Viewing EH5 acquisition parameters;
6.5.1 EH5 Parameters:

The EHS5 Data Acquisition Parameters table provides information about the EH5 receiver acquisition
parameters. To change the receiver parameters from EH5Pro do the following.

A. Open parameter file dFile\EH5 Acquistion Parameters
B. Review or change the acquisition parameters
C. ClickSave Prm Filao save the changes.

D. ClickSave Prm to EH%o update the acquisition parameters in the EH5 receivers. You must be
connected to the EH5 WiFi for this to work.

E. The Power Line Frequency boxzllows the user to select the power lines filters to be used
on the site. North America and parts of South America and the Caribbean use 60 Hz power
lines. Most of the rest of the world, with a few exceptions, use 50 Hz.

F. Help: About EH5Pro. This menu provides information about the EH5Pro license.

/) GEOMETRICS
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7.0 Top Tool Bar Icons (from left to right)

7.1 Editing data apparent resistivity and phase data points

A. Editicon: [__-l The edit icon allows the user to edit individual apparent resistivity and phase
points from the Apparent Resistivity and Impedance Phase curves. In all screems| ploats
are for the X-direction Ex:Hy sounding cyramed theblue curves are for the Y-direction Ey:Hx
sounding curve.

a. Click on thepencil EJ icon to active the edit mode.

b. Left click on a point to mask it out. It is not permanently deleted but simply masked so
it is not used in the data processing. A masked data point is grayed out and will not be
used in the data processing.

c. To un-mask the data point left click it again. It will go back to the original color and
become active again.

d. Masking an apparent resistivity point will not automatically mask the associated
impedance phase resistivity point. Phase points can be masked independently.

e. Right clicking on a point will swap the positions of the X-direction and Y-direction at that
frequency. The nature of an MT measurement is that sometimes there is ambiguity
between the tensor X and Y directions. This feature allows the user to swap the
directions if it is obvious from the curve that it should be done. Right clicking again will
swap them back to their original positions.

B. Left and Right Arrow iconc™ ' These are used to scroll through various sites when
reviewing data.

C. Sine Wave icon: This Sine icon is clettto stop the time series scrolling when viewing
time series. When viewing other screens it will refresh the screen. For example when editing
apparent resistivity points the refresh icon must be clicked to see the change in the Bostic
resistivity curve.

D. Umbrellaicon: it The umbrella icon is clicked to mask out time series segments or to mask
out individual sites so they are not included in the data processing or exported. This only works
AZ v 0}}I]vP & 8Z ~u% Vv HEA o« ¢ E vX tZv ]85 Je u el
page heading of the impedance curves screen tueas

E. Reverseicon. | The reverse icon will switch from the site location map and the impedance
curves of the selected station on the map. The site is selected by hovering the pointer over the
desired station then right clicking to go back to the impedance curves. When viewing time
series display clicking the reverse icon will change it from a times series to a frequency series
showing frequency amplitudes.

/) GEOMETRICS
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8.0

Top Tool Bar Pull-Down Menus (from left to right)

8.1 Processed data display list

A. Impedance CurvesDisplay of apparent resistivity, Impedance phase, coherency, Bostick
resistivity and depth, strike and skew, E and H spectral power densities.
B. Impedance polars Multiple graphs of polar diagrams as shown below:
isﬂ jmé Prc:zs‘s‘"‘:;nr:(ie;::c [ZPalr-emuerx Help

7Hz

0 Hz

Impedance Polars: Site 2 LocE [37.35030, -121.72553]-SN:1008; 2021-08-25 12:35

51600 Hz

40133 Hz

31533 Hz

25800 Hz

20067 Hz

15767 Hz

10033 Hz

7883 Hz

6450 Hz

5017 HZ

3942 Hz

3225 Hz

2055 Hz

1598 Hz

1256 Hz

1028 Hz.

793 Hz

628 Hz.

400 Hz

314 Hz

257 Hz.

200 Hz

157 Hz

128 Hz

16 Hz

12 Hz

Figure 8-1- Polar diagrams

Polar curves and skew are indicators of the dimensionality of the geology. The outer red curves are
an indication of the change in Zxy impedances as the sensors are mathematically rotated a full 360
degrees. If the blue inner curves are small the geology is 1-D. If the blue curve is large the geology
is 2-D or 3-D. When the skew is less then 0.3 the geology is 1-D. When skew is greater than 0.3 the
geology is considered to be 2-D or 3-D. The white dot on the red curve is an indication of the
orientation of the sensors in the survey line. North is the top of each box and East is the right side of
each box. Clicking the left and right arrows on the top menu bar allows you to scroll through the
impedance polar diagrams of the stations along the survey line.

C.

D.

E.

F.

G.

/) GEOMETRICS
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Tipper curves Only used if vertical H field measurements are done.
Tipper polarsw "B~ }A X

Aparent resistivities: Apparent resistivivities of all sites.
Impedance phase Impedance phase of all sites

Bostick Transform Bostic curves of all sites
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H. Impedance Strike and Skew All sites
I. EMAP Section See details below.
J. Site Location Map Location profile of all sites using GPS locations.

K. Time Series Currently active time series display that have been read in via the Time Series
menu.

L. Parallel Noise A test done in the field for quality control purposeBhis displays noise when
the two magnetic sensors are parallel to each another and the two electric sensors are also
parallel to one another but perpendicular to the two magnetic coils. The results of a parallel
noise test will display spectral power density of the electric and magnetic fields, scalar resistivity
for X and Y, and X and Y impedance phase.

M. Short Circuit Noise Quality control test done in the factory.

8.2 Displaying 2-D Bostick-EMAP sections

A. EMAP section An EMAP section is created usinD Bestick transform of apparent resistivity and
frequency to resistivity and depth. It is not a 2-D inversion. Itis based on a 1-D Bostick
transformation of multiple stations with a lateral smoothing filter used to reduce station to station
noise and to reduce the effects of static offset. Semire 8-Dbelow.

File Edit View Process TimeSeries Help

« | 2 | E| T | % |[eMaP Section =] [orgnalae: ~] [LocalE -] [ve |

EMAP Resistivity Section ( Smooth Factor: 1.0; Line Azimuth: -26)

Depth(m)

Offset(m)
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Figure 8-2 Bostick-=EMAP depth section
Figure 8-3- Tableused for customizing the image display.

B. EMAP display control To see the EMAP display control menu, you must first create an EMAP
section such as the one shown abovihis is done after multiple stations are read into EH5Pro and
NDWAMN SJ}v_]**0 8§ (E}Uu SZ %0}5 SC% u vu }v §Z S8}% S}}o

C. ClickView from the top menu bar and sele&et Image Color Tableo see the control menu
below.

D. To change the depth scalenter Start Depth(m)and End Depth(m) For example, in the image
above, the depth range is set between 0 to 500 meters. After cli€Big/ou will see the new
section range as below

et Image Color Table x

Image Color Table

Color Contour Level... )

21.30634
22.64419
24.06604
25.57717
27.18319
§ 28.89005
30.70408 v

Start Depth(m): 7.94331039163621
End Depth(m): 613.669266845788

I” Log Depth I Indude Topography

[V Show Site Location | Default Color Table

Reverse Color | Set Color Level... |

OK I Cancel I
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e [t Wew Procem

Tme Seses e
» || 1| S S

— | |

Depth(m)

300

350

400

450

Offset(m)

3286

{ohm.m)

E. To change the color scale click Set Color LéMeb resistivity range can be set on the color level

Figure 8-4- Updated section with adjusted depth scale.

Set Image Color Level X

Min. Level: 21.306337881

Max. Level: I 41.632797530:

[V Log. Uniform

OK I Cancel

Figure 8-5- Screen for updating theection’s color level.

E vP A]v }A ]*%0 C (8§ & o] IJvP §Z "~ § }o0}E > A o_
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Simplify your search

EH5 Software Manual V1 Rev B

43

HESIvX



For example, to get a color range from 20 to 35 Ohm-meters enter these valivia inevel and Max

Leveland click OK. When tiget Image Color Tableis displayed again click @K to see the depth
section with the new color settings as below.

» | @ TS [ e =] [oons =] o= =1

EMAP Resistivity Section ( Smooth Factor: 1.0; Line Azimuth: -26 )

20.0
21.0

221
233
245
258
g 271
£ 286
300
350 316
333
400 35.0
ohm.m
450 ( )

‘ Offset(m)

Figure 8-6- Resistivity section with adjusted color levels.

8.3 Mathematically rotating station orientation
B. Rotation axis pull-downlist dz J(( & v ]Jv §Z]e « S]}v ]e 8§8Z "~ 15_ }A
stations. This version will allow the user to rotate each station individually.

|!'uu; '-l
 Civagpread o F
Mo Doy

M

Fomed Sk

1. Original Axis: Use the original orientation of the station.

2. Max Zxy: Rotates the station to the maximum X-direction impedances
3. Max Zyx: Rotates the station to the maximum Y-direction impedances
4. Fixed Strike: Rotates the station to the users choice of orientation.

5. Swap: Swaps the rotation of X and Y sensor orientations.

C. Local and remote reference pull-down list This allows the user to determine the type of
referencing desired in the data processing. Remote and local referencing is a method in improve
data quality by looking at the spectral content of different channels and using that difference to
reduce local and system noise.
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D. Remote: This is used where there are more than one receiver on a network. The remote
E (Ev AJoo (Elu Vv}E8Z E & JA E[* » ve}E-X

E. Local E:Is used when there is only one receiver box. The E channels are used as a reference for
the other channels.

F. LocalH: Is used when there is only one receiver box. The H channels are used as a reference for

the other channels.
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9.0 Notes on the use of remote reference

9.1 Setting up remote reference:

The purpose of a remote reference is to remove local noise at the measurement site. Remote
referencing requires two receivers at different locations. The remote referencing software will compare
the spectral content of the remote reference site to the spectral content at the measurement site. The
software will not use frequencies at the measurement site that are not also present at the remote site.
The actual processing is more complex thas kut the basic concept is valid. The reference can be

done using the magnetic sensors, the electric sensors, or both. A remote site with both H and E
measurements can also be used as a sounding site.

Thereference andsounding sites are set when the TS files are opened. Geracess\MT
Process\Add TS FilesSelect the TS files you want to process and €@jg&nto see the menu below.

Add Eh5 Ts Files For MT Processing X

Time Series Fies _ Add TsFies... | Clear Ts Fies Delete Fie Calibration Folder: [ C:\CAL\ =]

MFM: Name Box Type Serial ... | Start Time End Time Exlen |Eylen |Ex Azim | Declin...| Hx Coil ID HyCoilID |HzCoillD |Si®

TR 1007202108251935.451 [0S ~{1007 |2021-08-2511:35 [2021-08-2511:40 [500 [500 |00  [131  |G100k-6011 |G100k-6013

2 1007202108251935.t52 | Base ~11007  |2021-08-2511:35 |2021-08-2511:40 {500  |50.0  [0.0 131 |G100k-6011 |G100k-6013

3 1008202108251935.ts1 | Base v]1008 |2021-08-2511:35 |2021-08-2511:40 {500 |50.0 [0.0 131 |G100k-1198 |G100k-1201

4 1008202108251935.t52 | Base ~{1008  |2021-08-2511:35 [2021-08-2511:40 [50.0  [500 [0.0 131 |G100k-1198 |G100k-1201

5 1007202108251940.t51 | Base ~11007  |2021-08-2511:40 |2021-08-2511:45 [50.0  |500  [0.0 131 |G100k-6011 |G100k-6013

6 1007202108251940.t52 | Base ~11007  |2021-08-25 11:40 |2021-08-2511:45 [50.0  [500 |00 131 |G100k-6011 |G100k-6013

7 1008202108251940.ts1 | Base 11008 2021-08-25 11:40 |2021-08-25 11:45 |50.0 50.0 0.0 13.1 G100k-1198 |G100k-1201

8 1008202108251940.ts2 | Base ~]1008  |2021-08-2511:40 [2021-08-2511:45 |500 (500  [0.0 131 |G100k-1198 |G100k-1201

9 1007202108251945.t51 | Base ~{1007  |2021-08-25 11:45 2021-08-2511:50 [50.0  [500  [0.0 131 |G100k-6011 |G100k-6013

10 |1007202108251945.ts2 | Base ~{1007  |2021-08-2511:45 |2021-08-2511:50 [50.0  [500 [0.0 131 |G100k-6011 |G100k-6013

11 |1008202108251945.ts1 | Base ~{1008  |2021-08-2511:45 2021-08-2511:50 [50.0 (500  [0.0 131 |G100k-1198 |G100k-1201

1 AANOINIINOITINARS 4.7 I D iinno NI N0 IS 11.48 N1 N0 IK 11.8n AN AN nn 121 AN0L 1100 AnNL 1 V.

< >
Reference Type Create MT Site By
C localH @ LocallE (" RemoteH ( RemoteE (¢ Remote EH " Serial Number (% Location (" SiteName ¢ FleName  Max. GPS Coord.Err(m): |10
¥ LocalTme [~ Update Parameters By Box SN } oK | Cancel |

Figure 9-1- Table showing whiclMT files are being processed.

To set a site as the remote reference clickRox Typeand selecRemote for the serial number of the
receiver at the remote site. It will make that serial number the remote for all the acquisitions with that
receiver serial numberFor example you can see the information available for receiver 1008 below.
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Add Eh5 Ts Files For MT Processing X

Time Series Fles ~ Add Ts Files... ] Clear Ts Files I Delete File Calibration Folder: | C:\CAL\ _]

No. |File Name Box Type Serial ... | Start Time End Time ExLen |Eylen |Ex Azim|Declin...|Hx CoilID |HyCoillD |HzCoillD |Si®

1 1007202108251935.ts1 | Base LI 1007  |2021-08-25 11:35 |2021-08-25 11:40 |50.0 50.0 0.0 13.1 G100k-6011 | G100k-6013

2 \1007202108251935.32 Base ¥11007  [2021-08-25 11:35 |2021-08-25 11:40 |50.0 50.0 0.0 13.1 G100k-6011 | G100k-6013

3 1008202108251935.51 (ORI~ | 1008 |2021-08-2511:35 |2021-08-2511:40 [500  [50.0 |00 131 |G100k-1198 |G100k-1201

4 1008202108251935.ts2 | Remote ~11008 2021-08-25 11:35 | 2021-08-25 11:40 |50.0 50.0 0.0 131 G100k-1198 |G100k-1201

5 1007202108251940.ts1 | Base > 11007 2021-08-25 11:40 | 2021-08-25 11:45 |50.0 50.0 0.0 131 G100k-6011 |G100k-6013

6 1007202108251940.ts2 | Base ~ 11007 2021-08-25 11:40 | 2021-08-25 11:45 |50.0 50.0 0.0 13.1 G100k-6011 |G100k-6013

7 1008202108251940.ts1 | Remote 11008 2021-08-25 11:40 |2021-08-25 11:45 |50.0 50.0 0.0 13.1 G100k-1198 | G100k-1201

8 1008202108251940.ts2 | Remote >11008 [2021-08-25 11:40 |2021-08-25 11:45 |50.0 50.0 0.0 13.1 G100k-1198 | G100k-1201

9 1007202108251945.ts1 | Base ~¥11007  [2021-08-25 11:45 |2021-08-25 11:50 |50.0 50.0 0.0 13.1 G100k-6011 | G100k-6013

10 1007202108251945.ts2 | Base 11007  |2021-08-25 11:45 |2021-08-25 11:50 |50.0 50.0 0.0 13.1 G100k-6011 | G100k-6013

1 1008202108251945.ts1 | Remote 11008  [2021-08-25 11:45 |2021-08-25 11:50 |50.0 50.0 0.0 13.1 G100k-1198 | G100k-1201

I(’ AANOINIINOITINAR 4.7 | Dmvnn mbm v iinno NI N0 IS 11.48 N1 N0 IR 11.8n AN &nn nn 121 <AN0L 1100 <A0NL 1 S A/
Reference Type Create MT Site By
C localH € LocalE ( RemoteH (¢ RemoteE ( Remote EH (" Serial Number (% Locaton ( SiteName ( FleName  Max. GPS Coord.Err(m): |10
¥ LocalTme [~ Update Parameters By Box SN [ oK | Cancel |

Figure 9-2- screen showing

9.2 General notes to take in consideration on selecting a remote reference site.

The site should be electrically clean without a lot of local noise interference. It should not be near any
local noise sources, away from heavy traffic, railway lines, and other potential noise sources such as well
pumps, electric-magnetic train tracks, heavily electric industrial or urban sites, etc.. The sensor
orientation of the remote reference site should be parallel to the sounding measurement site. For
example, if the sounding has X direction as North (O degrees N) and the Y direction as East (90 degrees)
then the remote should be X = 0 degrees and Y = 90 degrees as well.

It is also recommended that the remote site should be over simple geology.

A transmitter cannot be used with remote reference. A hybrid-source transmitter (HSAMT Tx) cannot

be used because the remote reference will be out of the range of the HSAMT transmitter. That means
the remote receiver will not detect the transmitter frequencies so not of the transmitter frequencies will
be used in the data processing.

10.0 The Tipper

Tipper Definition: Hz = TxHx + TyHy
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Figurel0-1 - Coordinate System
Tipper Amplitude: 7= TX + Ty
High Tipper Amplitude indicates 2D or 3D case.
Tipper Phase: Tphs = fFXTxphs + T3* Typhs) / (T&+ Ty)

If the resistivity of earth changes across a vertical contact, Hz will be in phase with the horizontal
magnetic component that points from more conductive ground toward the more resistive. Thus the
tipper phase indicates horizontal direction towards increasing resistivity. The MT site is located on south
bank of Yougding River which is east-west direction in this area (Figure 2). The tipper phase Blabout -
degree indicating the MT site is located on conductive side of a contact and the resistive side (river
channel sandstone) is one the north side of the MT Site.

Tipper coherency is coherency between Hz and Hx&Hy, indicating tipper data quality. Hz is much weaker

than Hx&Hz and is more likely affect by wind noise because it is very hard to bury the whole Hz into the
ESZX dZ 3[« AZC §]% % E § ] \apd tippd? $herendyisbower comparing

impedance coherency. When analyzing tipper data, the user neeejdsige which frequency band is

reliable by coherency.

Tipper Strike ifFigurel0-1 is either about 90 or -90 degree for the frequmsdess than 500 Hz in which
coherency is relative high( figure 3), indicating the strike is east-west around this frequency range. This
also agrees with tipper phase data.

Tipper skewandbeta. Both skew and beta are zero indicating a true 2D case. The skew and beta data
is not good in Figure 3 which is normal for tipper data.

Combined coherency data More or less reliable data is tipper beta about 10800 Hz. The beta
value is about 0.2 indicating a weak 2D case.

Tipper Polars: The tipper polars (figure 4) are consist north-south peanuts indicating the strike are east-
west, agreeing with tipper phase and tipper strike data.

In impedance curves (figure 5), the impedance is rotated to Maximize Zxy. The impedance strike is about
-90. Indicate the strike is either east-west or north-south. With combined tipper data we can conclude
that the strike on this site is east-west direction, eliminating the ambiguity of impedance strike only.
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Figurel0-2 MT Ste location
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Figure10-4 TipperPdars

Figurel0-5 Impedance curves
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11.0 Summary of data processing ste@y-step procedure

This section is intended as a review of the steps to get from data that was collected as .TS files in the
field and downloaded to your processing computer, to create .EH5 datafil&DI| processed data files
that can be exported to third-party MT inversion software such as Emage2D and other commercially
available data processing programs.

From the main menu go t& W (E \MT Process\  d e (] oNavigate to the directory where you TS1,
TS2and TS3Jo ¢« & +*3S}E X ~ 0 § SZ (]Jo * 8} % &} e+« v 0]l v "K% v_X
below:

Figurell-1 Screen showing available files fMT processing.

The details of this screen are discusse8édation4.0.

ClickOKTo see the following screen:
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Figurell-2 Processed data

Details of all the processed MT parameters are covered W (& } - Data Processing and Re-
Processing.

To see currently open time series clickne Seriesfrom the top menu bar and choosgheck current

site time seriesto see the a list of open site time series. Click on the desired time series file to see the

first record of the file, as shown below:o] IJvP ~ }u Jv _ AJoo & § v A (Jo « A]3Z o0 &
combined to one file, all the TS2 together in another file, and all the TS3 files in another file. These will

be huge files of several hundred megabytes.
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Figurel11-3 - Detailoof review time seriesre coveredin Time Series Viewing and Editing
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12.0 File Export Options of Processed Data

There are several file export options available with a licensed copy of EH5Pro. These are as follows:

EDI files are a standard file format for MT data. Most commercial programs such as WinGLink, Geotools,
Emage2D, Zond MT2D, and other commercial MT inversion programs, as well as most academic MT
inversion programs will read standard EDI files. Although the EDI format is considered a standard there
are slight differences between programs from different commercial and academic publishers of the
inversion software programs. Geometrics cannot guarantee that the EH5Pro EDI export file will work
with a program that has not been verified by Geometrics, Inc.

d} A%}ES [ (Jo (& RHIEXpOTED} HigsS Bhdose the folder to save the files and

0] OK. Navigate to the folder to store the EDI file and click O#e files will be saved in the
selected folder and given the names selected by theuskZ (Jo v u » €& PJA v \RIT o] IJvP 7
NS >]e8 v v8 E]JvP 8Z v u -« (JE Z *]3 U « «Z}Av o0}AX

KMZ files are used by Google Earth to located the GPS position on a map. Details are given in Chapter 5
Top Menu Bar Options.

An EMAP file is a 2-D depth section created on 1-D soundings along a profile line. The 1-D soundings are
created by the 1-D transformation of apparent resistivity and frequency to a fpyHpiint true
resistivity and depth. Details are explainedisplaying 2-D BostidkMAP sections.
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13.0 Magnetotelluric Theory

The electromagnetic waves of interest to the MT practitioner are described by Maxwell's equations. In
differentialform they are

"ue i1 ZARA (Faraday's Law) 1)
"uH (VIiZME (Ampere's Law) (2
""H O (3)

"E Y (Coulomb's Law) (4)

whereEis the electric fieldH is the magnetic fieldVis conductivity,Hs permitivity, andUs free
electric charge. Here the notatidhandH indicates vector harmonic time dependency

e'? cos(A) isin(X)
so that the peak instantaneous vector value EE&f given by
E ReEée?).

where Zis angular frequency (&), i=—4, tis time and Re indicates the real part. A differential equation
for Eis obtained by taking the curl of equation (1) and substituting equation (2) to get

"u’'ukE iZPV i Z}E.
It is customary to lek? iZPV 2P and apply the vector identity

’u,uA 12A 1(1~A)
to obtain

"?E KE O, (5)
where we have also assumed that there is no free charge preSe#t (0). Equation (5) is the

Helmholtz equation for E andis the propagation constant. The source of MT signals is in the
atmosphere where the conductivity is near 0, and here the propagation constant is

k Z/Ph.

In the earth

k| izZP

because, for earth materialsy! ! Z Hit the frequencies we are interested in.
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A fundamental assumption when interpreting MT measurements is that the source fields impinge on the
earth as uniform plane waves: tlieandH fields are constant in planes perpendicular to the direction of
propagation. For a plane wave propagating into a uniform earth, where the z direction is positive
downward, we need only consider the field componefig &hgl and can set the other

components of theEandH fields to zero. With

!ZuE ,ZEXX 12Eyy1 252

equation (5) becomes
d’E
dz

x Kk’E, O (6)

because the plane wave does not vary in the x and y directions. This differential equation has a general
solution

EX EO e ikz E) é(z
where the coefficientsE, and E, are constants which can be found by applying boundary conditions.
Because of the requirement that a wave not gain amplitude in the direction of propagation, the
coefficientsE, and E, represent the amplitudes of the electric field waves traveling in the +z
direction (downward) and -z direction (upward) respectively. For a plane wave propagating in a uniform
earth, Eis 0 at an infinite depth because we are infinitely far from the plane wave source. This implies
that E, represents the amplitude of a reflected wave, and in a uniform earth where there are no
reflectors, its amplitude must also be zero. So

E E, e ikz E gzl 1ZPV E g i) ZP)2

X

Or
E EO eZ1 ZP/‘Z eiZ1 ZR‘

X

The term with the imaginary exponent represents the wave component of the electric field and the term
Al8Z 8Z & o /E%}v v (]v « §Z C}(3Z A A [+ u%o]dpy Alsz
distance in terms of the wavelength and, where EM waves penetrate conductors, it is customary to use
one radian as the standard distance. This distance is called a skin depth. One waveleSgiien2

so one skin depth is a bit less than one sixth of a wavelength. Wavelength is given by

0 25
N

so one skin depth is given by

Gt
N
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where the wave numbeiNs

N [ZzP <o
2
2 1 U {
G —~1503/—" (meters
\/ZPV\/4§107\/7| f ( )

At the earth's surface (z = 0) and from equationygPE=E, . At the skin deptl@sthe amplitude of the
down-going wave has deceased to

E(G Ee’

which is 1/e or about 37 percent of its surface value. If a reflective layer existed at a Geipéim the
reflected, up-going wave would also be attenuated by 37 percent resulting in a total attenuation of
about 86 percent relative to the surface value of the down going wave.

The presence of uniform pland- A ¢ Ju%0] « 3Z 3 3Z A A [¢ «}uE ]¢ ]38 VEW v E (
to generate waves with a spherical wave front that will not be uniform in the survey area. If sources are
nearby, equations 1 and 2 are incomplete; they lack the appropriate source terms for a complete

description of the fields and their interaction. Because it is difficult to specify sources that are beyond

our control, it is best if they can be avoided. Both experimental results and numerical simulations

indicate that at distances greater than 3 skin depths (1/2 wave length) from an electromagnetic

transmitter, the uniform, and plane portion of the waves are dominant and at 6 or 7 skin depths (1 wave

length) the waves are completely uniform and plane relative to the precision with which we can

measure them.

In the air, above a uniform earth, we expect to find an electromagnetic field composed of
electromagnetic waves propagating downward and reflected waves propagating upward. This situation
is described for an electric field component by

E)(() E0 eikoz E) eikOZ (7)
dZ } ((1]1 V8 sp + E]%E+ ZI[Iv] & 8Z 8 3Z]+ A% E **]}v % %o0] * 8§} o
superscripts indicate the direction of travel (positive down). In a uniform earth (layer 1) there are no
reflectors so:

E, Ee (8)

The propagation constants in these expressions are:

ke 4/ Bk. andk, ei;jl /iF

U
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A solution for the unknown constants in equations 7 and 8 is obtained by enforcing the conditions that
Ex and K, must be continuous at the earth-air boundary. Applying Faraday's law to 7 and 8 gives the

magnetic fields

El ikyz

E, . E, .
HO _0e ikgz _oe ikgz and H; e

K K

where kgand K are the intrinsic impedance of the air and the earth given by

K i,Z'OD \/E and K I_Z/OD JZPE*
iKq K ik,

Equating E and H fields at z = 0 yields

E
E E E ad L = 5

KK o
The solution of these equations yields the amplitude of the transmitted wave and the reflected wave:
2
E, K E, and E, qu
K K K K

These equations lead to expressions for the electric and magnetic field in the air in terms of impedance
of the air and earth give by

ES Eo{eikoz /E—?eik(ﬂ} and H;) E—;:{{eik"z g éieikoz}.

Similarly, in the earth we have

2K 2 _
E, E,———e™ and g E,—% g™ .

! K K T KK
At the surface of the earth, these two sets of expressions are equal and the ra;{ﬂ-kg,fiE called the

surface impedance Z. For the case of a homogeneous eartl Akis is the basis for defining the
apparent resistivityly; it is the resistivity of a homogeneous earth, which would yield the same surface

impedance as measured over an inhomogeneous earth at a particular location and frequency. Because

E :
LT

’
A

we can write
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2
y i SE,
ZRP i, i’

In general, apparent resistivity is complex (e.g. the IP phenomena), but we restrict our attention to the
real component which is defined as

i 5
“RIm,[

|2

o

Modern magnetotelluric systems are designed to record variation of both the electric and magnetic
fields in two orthogonal directions and use these records to calculate the surface impedance at a
measurement site. The surface impedads complex, frequency dependent, and, due to the
presence of noise and earth structures, is also a tensor:

Ex ZxxHx Z)(y'i/
E, Z,H Z,H

It can be helpful to think of the surface impedance tensor as a two input, two output linear system
where the inputs are the magnetic field components and the outputs are the electrical field
components. This formulation of surface impedance is preferred over the scalar formulation because,
when the source fields are nearly plane waves, the impedance elemﬁemmme invariant. The

scalar surface impedance

E(J Z XYW ¥

is easier to calculate but can vary as the direction of the source fields vary. The Stratagem system makes
use of both controlled and natural source fields and its processing includes the tensor formulation.

The tensor impedance can be calculated from a number of records (N) using the least-squares method
where the difference between a measured electric field component is minimized relative to the
predicted electric field component. For example just considerindizand W

N

, : (Exi Zxx Hxi ny Hyl)( E:i Zi I_li Zy F!/I)
il
and minimization with respect toyg and £y requires

wl wl w w

wez) wmz,) °° ez, Gmz)

which yields

(EH) (HH)Z, (HH)Z, and (EH) (HH)Z, (HH,)Z,.
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where, for example

N
1 EaH,

. 1
<EXHX> Nil xi | xi

is an average cross power density spectrum api Ehe discrete Fourier transform of the measured
field . The (*) symbol indicates complex conjugation. The two cross power expressions above
combine to yield

L (EHNHHY (EH)HH)
" TR (R

and expressions forg and £, are obtained in a similar way.
y

and Z,,

The surface impedance is usually expressed as apparent resistivity and impedance phase and they are
calculated from the surface impedance components as

§m z,
@Qe Z;

& %OD‘Z]"Z TZ‘Z, ‘2 and /, tan'

whether they are based on scalar or tensor calculations.
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