CRAVGW Documentation
updated 10/July/15 by Scott Maclnnes

Cravgw is a frequency-domain IP data averaging and guedintrol utility program that reads complex rasisy
(CR) IP field data from Zonge GDP cac, raw, fld,zub files. The program includes a Review Datadoopfor
interactive quality control while viewing the ddtain pseudosections or point-by-point in real wsrémaginary or
phase versus frequency plot€ravgw saves averaged data in an “avg” file. Unaveradptd are saved in a “zdb”
(“Zonge data base”) file, whictravgw can reread to revisit data skipping decisionson@ezdb andavg files have the
same format, but use a different file-name extensiodistinguish between unaveraged repeat dataeshged data
for which all duplicate readings have been mergetrvgw also includes an option to save averaged data as@e
IP format dat files.Cravgw reads and writes survey configuration and procgssimtrol files frommde files, making
it easier to duplicate a specific processing secg@hen processing multiple GDP CR data files.

Startcravgw by running it from the command line, the windowarsmenu or with a short cut icoi@ravgw first reads
default processing control parameters from cravgwifi it can find it in the directory holding crgw.exe). It will then
open a full size window and show a file selectigmal. Select an appropriatec, raw, fld, or zdb file holding CR
data and click on th®pen button to start processing. Click on thancel button to abortravgw.

Open File Dialog

Eﬂpen required CR data file R &i
|\'7](7_) | ¥ Computer ¥ data (D:) > z1 ~ datpro_development ~ cravgw ¥ doc i lmjl Search doc B
Organize ¥  New folder Bl Q

File name; |cr0853dd.raw Ll lChoosE CR data file j

Open | Cancel |

VA

After getting an input data file nameravgw searches for an optionaide file with the same file-name stem as the
input CR data file. If it finds a mde file withehright name, it reads it and updates default sucemfiguration and
processing control values based on the mde filéett® It then opens the input data file, couhésdata and builds a
list of line numbers. It shows a dialog to confipmocessing control settings and, if the input diggaincludes multiple
lines, to select the line number to be processed.
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Processing Control Dialogs

CR *.cac processing control
CRTEST -

Time-Series Stacking

Stack Type  [Straight =

Stack Shape 50(0t06)

Max # Cycles/Stack 8182

Select* Mde
Select* Stn

[~ Save Time-Seriesincsv  =» 24CR_TRef_NoSmryTS## caviiles

SelectLine to Process

Cac File Data Source

Optional auxiliary inputdata files LSS}

[~ Use*Mde File |

IP04N DD -

Optional auxliary input-data fles

[~ Use*MdeFile [crig53ddmee Select*Mde
[~ Use*StnFile Select* St

Calculate Apparent Resistivity with [X.2 coordinates, recommended

SelectLing to Process

[~ Use*Sin File |

[~ Save Stacks in cevfie =» 24CR_1Ref_NoSmryStack## cov files

Select SysCal

,W SelectAntCal

Calculete Apparent Resistivitywith |2 coordinates. recommended v
3Pointextopolstionct  |Resl&lmeg =]

Use optional caliarate files 10 replace cacfile calioration
[~ System Calibrate File 24board.cal
I=| Antenna Galibrate File
GDP Channel Number Megning
E-field Channel Hfield Channel

| [Antenna+ Ba|
#Pointextrapolation of  [Feal & Inag -

N+-Spacing

3Point caefiicients 3-Pnt Frequencies
Quadratic =] [0z 3-Point cosfiicients 3-Pnt Fraguencies
3072 Quadratic ]| [oizs
BE 03750
06250

Drop Freq < Drop Freg >
Frequency 0.000 1024, herte
Range

Max Ocld Hamonics |9 -
AdustBaintoslion [Tone =]

CR segments

Drop TxFree<_ Drop TxFreg>
Frequency IF_U 00 1000, hertz
Range

9 -
AdustGaintaalign [oe ]

CRsegments
Susight v

hex Odd Harmonic

Averaging Repeats

Swaight  w| [ Merge TxRef and FxCR data

[~ Apply Auto Skip

RepeatAveraging
Avg Type

[~ Apply Auto Skip
[~ Apply Auto Synchronization

Cancel

[~ Merge Tx Pief and Px CR data

Cancel

CR *.fld processing
IP04N D-D -

Optional auxliary input-tata files

I~ Use*Mde File [CROBSIDD.mde Select*Mde
[~ Use*StnFile Select* St

Calculate Apparent Resistivity with [X.Z coordinates. recommended

CR *.zdb processing
IP04N D-D -

Optional auxiliary inputdata files

[~ Use*MdeFile [cri853ddmde Select* Mde
[~ Use*stnFile Select* St

Straight -
Calculate Apparent Resistivity with [.2 coordinates, recommended

Select Line to Process SelectLine to Process

Repeat Averaging

3-Point extropolation of  [Real & Imag -

3-Paint coefficients

3P Frequencies

Quadratic |

01250

Drop Tx Freg < Drop Tx Freg >
Ity 0.000 1000, hertz
Range

Max Odd Harmarnic
Adjust Gain to align
CR.segments

Repeat Averaging

[~ Apply Auto Skip

—

Staight v

I~ Merge T Pefand P CR deta

Cancel

3-Paint extrapolation of [Peal 8 Imag v

3Point coefficients 3Pt Frequencies
Quadratic | [oreso

03750

06250

DropFreqe  Drop Freq>
Frequency 00m 1000, hertz
Range

A B
AdusiGantosion [oe =]

CRsegments

Max Odd Harrmnonic

[~ Apply Auto Skip

[~ Merge T Refand Fx CR data

Cancel

Cravgw shows either a cac, raw, fld or zdb processingrobdialog, depending upon the input file typehemSelect
Line to Process field allows input from raw or cac files holdingtdafor multiple lines. Dipole-dipole, pole-dipole,
pole-pole, and Schlumberger data are processetinenat a time, so that the data can be reviewesl seudosection.
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Multiple lines can be processed for Gradient orRatk input. Gradient data are shown in map viewingudata
review, while LabRock data review is point by point

Cac file input has the most options. CR cac fdksays include both stack data and the GDP cakdlapparent
resistivity and IP phase. Use tbac File Data Source field to select between recalculating apparenistiggy and
phase from stack data or using the GDP calculatduks as is. If the cac file also includes timeesedata, that is
shown as a third alternative data source. If yi@gteo reprocess time-series data, the Stack BymeStack Shape
fields are activatedstack Type can be a straight stack with all Tx cycles weidhtgually, a tapered with a Gaussian-
like taper with weights near zero at the beginrémg end of the time series, or a robust stack wHamhin-weights
spikes light spherics from lightning. Tisgaight stack is most efficient for environments with unpatteimandom
noise. Tapered stacks are effective against power-line noise, whitlbust stacks are best used to reduce impulse
noise like lightening spherics. If present in tae file, up to 99 time-series data may be expaxedsv files, which
use a *Ts##.csv name convention, where * is thecgogac file name, and ## represents integer indethiat is
incremented from 01 to a maximum of 99 for eachsesontive time-series record that is exported. GRA-GR cac
file save Xx,y,z coordinates for electrode locatjomkere x is distance along line, y is distances&iine and z depth
below the surface. Apparent resistivity data aseally best calculated using x,y,z coordinates,ibtite survey line
includes a significant bend (more than 10 degréesan be helpful to import east, north coordisgtem a stn file and
use theCalculate Apparent Resistivity with east,north,Z option. Using the east,north coadis adjusts apparent
resistivity values for irregularities in electrodesitions.

The processing control dialogs for all four inpile formats, include &elect *.Mde option to interactively select a
*.mde file to import survey configuration and aret@in parameters. Cravgw looks for a source_fiene.mde file by
default, and displays it's name in the mde filenéiteef it's found, but it doesn't read the *.mfile unless thdJse
*.Mde Filebox is checked. Similarly, cravgw looks for a défaource_file_name.stn file and shows its namtaén
stn file name field if it's found. But ts2dip doésead the stn file unless thise *.Stn File box is checkedSel ect

* Stn file can be selected to import electrode easthramd elevation coordinates. GDP along-line Xtetele values
correspond to stn file station numbers and GDPsaelioe Y values correspond to stn file line nunsbeéFhe GDP
X,Y values are used as keys to interpolate tabdilstie file station, line, east, north, elevatiotedaFor straight lines, it
is better to use GDP X,Y,Z electrode coordinatesfiparent resistivity calculations, because tpéba is aligned
with the way that the two-dimensional Res/IP ini@rgprogram TS2DIP uses finite-element mesh distoitio
account for surveying error and topographic effeatser than assuming that apparent resistivitgyutations have
already accounted for those irregularities.

Processing control for CR data input from raw drfiles is similar, but raw file input includes ags for specifying
how to interpret GDP channel numbers, while fld filput uses the interpretation set by the progslred.exe which
creates fld files from raw files. Zdb file proceggsis even simpler, because fewer data paramesss to be
calculated.

For raw files,GDP Channel Number options Stn Number, Stn # Offset, N-spacing orefinta # set the interpretation
of the GDP channel number field. N-spacing isdbéault option for electric-field components, whition-number
is the default for magnetic-field components. THation number option uses the GDP channel numbdowaer
numbered end of a dipole or the station numberraviag pole electrode. For magnetic field compusehe station
number is the coil or magnetic field antenna laati Default optiorN-Spacing uses values from each analog input
channel’s number as n-spacing value, mirroring @Gy conventions. Option n-spacing offset, mliigppthe GDP
channel number by the GDP A-Space value to gedtepstnumber offset that is added to the GDP RuevalFor Stn #
Offset, the GDP channel number is interpreted asffset which is added to the GDP Rx field value#iculate a Rx
loop station number. Option Antenna # is usedriagnetic field components and uses the GDP chammeber as an
antenna ID number, so that antenna calibrate vataasbe recovered to correct data for the anterfnetgiency-
domain response. The antenna # option will be émginted in future versions afavgw, to allow the processing of
B-field data acquired with specialized antennas.

3-Point Extrapolation fields are used to remove inductive electromagredfiects. 3-point extrapolation fits a smooth
curve to data at the three lowest frequencies,thed extrapolates the curve to 0 hertz to get éimate of the IP
response with frequency-dependent inductive EM ctdfeeemoved. Extrapolating real and imaginary demp
resistivity components is usually a little moreeetive at removing inductive coupling effects thextrapolating
magnitude and phase values. However, if ther@ystine synchronization error between the trangmiind receiver
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clocks, 3-point extrapolation of magnitude and ghasll remove it. The defaul8-Point Coefficients option is
Quadratic, which extrapolates a quadratic polynbouave fit to data for the first, third and fifthermonic frequencies
to 0 hertz.. Two alternatives are Coggon 1.5 andgan 2.5 extrapolation coefficients, which areivéer from an
approximation to an half-space inductive couplimgiaion (Coggon, 1984, New three-point formulas ifmtuctive
coupling removal in induced polarization, Geophgsig49, p307-309). The Coggon extrapolation cokeffits
sometimes work better than the default quadratignmmnial extrapolation, but they are not alwaysraprovement. A
fourth option isCustom Freq, which allows selection of the three frequencisgdifor 3-point extrapolation.
Harmonic frequency data amplitude drops in propartio harmonic frequency order, so higher ordemioaic data
are noisier. In areas with low signal to noisezah help to acquired CR data with three transmitegjuencies, like
0.125, 0.25 and 0.5 hertz. The Custom Freq omtgonthen be used to specify 3-point extrapolatiothe 0.125, 0.25,
0.5 hertz first harmonic data in order to get tleagest possible 0 hertz 3-point values.

Two fields can be used to clip spectral CR datarégsmitter frequency. THerequency Range fields can be edited

to put upper and lower limits on the transmitterginencies processed bgavgw. A third frequency control field is
Max Odd Harmonic, which be menu field allowing stien of the maximum harmonic frequency 5, 7 orFourier
transforms of the IP transmitter waveform produaeseries of odd harmonics. Higher order harmohige less
signal strength and become increasingly noisy. dravg the maximum harmonic frequency limit can bedito drop
high order harmonic data that are too noisy togeful. £', 3% and %' harmonic data are always retained for use in the
three-point extrapolation.

When data are acquired with multiple transmittegrencies, there are sometimes small offsets beteseh segment
of 1 through § harmonic data. The offset is usually most visihléhe in-phase and magnitude values. A dialetgifi
labeledAdjust Gain to align CR segments is provided to correct CR data segment offsetsrwhaltiple transmitter
frequencies were used during data acquisition.eclieg “None” leaves the original data unchangétinimal”
adjusts the real part of the offset between daganeats when transmitter current or GDP gains h&amged. “All
Real” adjusts the real part of the offset betwdedata segments. The most complete correctigmasided by “Real
& Imag”, which adjusts both the real and imagin@nyphase and out-of-phase) offsets between CRsisgments.

When there is only one transmitter frequency in dla¢a set, theravgw processing control dialog field3-Pnt
Frequencies andAdjust Gain to align CR segments are grayed out indicating display only, and cahbechanged.
They are accessible for editing when there areiphaiftransmitter frequencies in the current data se

Repeat Averaging can be Straight or Robust. “Straight” averagingegi each repeat value the same weight, an
averaging method which works well so long as thekeound noise level is fairly constant. “Robuateraging helps
when there are at least three repeat values fdr esding (more than three repeats/reading is nadelfe). Robust
averaging down-weights outlier data, which can s&eful if there are lightning spherics present dydiata acquisition
and if four or more repeats are acquired for eaading. Checkind\verage |[Vp| takes the absolute value of Vp
values before averaging, so that any hookup pwlariors are erased.

The Apply Auto Skip check box turns the Auto Skip function on and offt is turned off by default, and can be
applied during data input, by checking the Applytéd\&kip check box, or later via an option on themmaenu.

Merge Tx Ref and Rx CR data is an option to merge transmitter reference ameiver complex resistivity data
measured with two different, but synchronized G2Pr8ceivers. If the option is checkemtavgw will look for
transmitter reference data in a comma-separatac ¥ with the file name extension *TxRef.csveeShe file format
appendix for a description of *TxRef.csv files.

After repeat data are read from the input fileavgw shows a CR Survey Configuration dialog to verifyngy
configuration parameters.
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Survey Configuration Dialog

CR survey configuration

Froject |CR D-D Data

Area ICRAVGW Test

far |Zunge AL
by IEonge AR
Job # 0813 Date |ZUUS-UE-12 IP Array ID-D LI Length Linits  |m vl
. Line Line A -
Line Name |IP04M Nurmber I 4.0 Azimuth 900 Line Type |Staight =

Station Number Rescaling UnitDipole  Fix Component

Stn# Beginning  Increment m/stng Length (m)  Azimuth (deg)
GDP | .00 | 300.00 | 1.0000 along-line X 300.00 | a0.0

Rescaled | 0.00 | 300.00 | 1.0000 across-line Y I—D
werical 2 Iup v |z+
Output Files
[V Sawe CR datain .avg file IErDBEde avy [ Sawe datain legacy *0.avg
[~ Save CRdatain Geosoft P dat ICTUBS3dd dat

[~ Save Unaveraged Data to Geosoft P *raw.dat

Cancel

Fields in the upper left section of the dialog stdescriptive survey annotation informatider.oject name Area, for,
by andJob # fields store arbitrary text strings that are storezdb andavg files for descriptive documentatiobate
records the data acquisition dateength Units can be m or feet.

IP Array is a list box showing abbreviations for common liPvey configurations.

+ D-D indicates Dipole-Dipole, an in-line survey withifamm length transmitter and receiver dipoles. tBot
transmitter and receiver dipoles are aligned absimngle survey line.

* P-D indicates Pole-Dipole, an in-line survey with drensmitter electrode fixed at a remote locatiod ane
roving Tx electrode moving along the survey lirReceiver dipoles are assumed to have a unifornthesed
be aligned along line.

e P-P means an in-line Pole-Pole array with Tx and Rroe fixed electrodes and in-line roving Tx and Rx
electrode poles.

* Grd array means a Gradient array with a large fixadgmitter bipole, and in-line arrays of uniformdén
receiver dipoles moving along lines parallel to Txebipole.

« Sch represents a Schlumberger resistivity sounding short receiver dipoles centered in large trattemi
bipoles.

e D-H, or Down-Hole, is the most versatile array. THRRGTx number is used as a key to a list of trartemit
wire endpoint coordinates in a txc file (see fiberhats in Appendix A). Each transmitter can havsétiple
wire segments both on the surface and down hoieilg8ly, receiver station values are used as a toey
coordinates in a station file, and can represe¢heesurface or down-hole measurement locations.

« Lab represents LabRock or Laboratory Rock sample nmeamnts. Resistivity and IP properties are
measured on hand-specimen sized rock samplesnd’R=avalues are used as sample identification reusb

LineName s a string of up to 16 characters that can bd tsé@old descriptive line labels like 200E or DHole 001.

Line Number is a floating point line number, suitable for usea Geosoft montajdb database or as a coordinate
value in a curvilinear (line, station) coordinaystem.

Line Azimuth is a line bearing indicating the direction of ieasing station numbers in degrees east of north.
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Line Type can be Straight, Meander or Points. Most IP supamfigurations use in-line arrays, ke Type field is
set to “Straight” for all arrays except D-H. TheHD)(Down-Hole) array includes general configuratidike vector IP,
where stations can be point measurements at d smtadomly distributed locations, so all three ligpes are allowed
for D-H arrays. For Straight and Meander linesvgw can use along-line interpolation to locate eletgsy but for
the Points line typegravgw uses dipole length and Ex azimuth to positionséaeond receiver electrode.

It is not uncommon to decide that the station numdystem should be changed after data acquisiiacoimplete.
Cravgw includes parameters for scaling and shifting tiEPGtation numbers used during data acquisitiofglient”
station numbers suitable for use on plots and livelable data files. By default, there is no e, butStation
Number Rescaling values can be modified to rescale station numb&BP Station Numbers indicate the station
number system used during data acquisition, wRiéscaled Station Numbers are the possibly different station
numbers needed for final data files and plots.ti@tanumber origin and increment values are spatifor GDP and
rescaled or client station numbers. Station nunrbiEements must be non-zero, but negative incrémedoes can be
entered to reverse station number order. Stationbers are expected to be proportional to distalmeg line. The
m/stn # field is a scaling factor that scales statiumbers to meters.

The Unit-Dipole Length field is used to specify the length of a "unit" @te field dipole. The unit dipole length is
used to normalize the minimum radial separatiomben transmitter and receiver electrodes to getfasnsistent set
of n-spacing values, even for general array sethpa may use variable length dipoles for differ&dP input
channels or have across-line displacements betwémirodes. The display only along-line Rx Component
Azimuth mirrors the value entered in the Line AzimuthdielThe across-line Y azimuth will be 90 degreesnter-
clockwise from X azimuth if you specify a right-tdad X,y,z coordinate system with z positive upydti specify z
positive down, then Y azimuth is 90 degrees closkwirom X in map view. By convention Ex and Hx aleng-line
components, while Ey and Hy are perpendicular ne.li Vertical magnetic field measurements indicaigdHz.
Down-hole electric field measurements are consiiezyde “along-line” and should be labeled as Ex.

Cravgw output files include x,y coordinate fields for &lur electrodes, where x is along-line and y ioss-line. (Z
depth coordinates are include ¢éravgw output files for down-hole surveys.) By defaulglgdipole and pole-pole
remote electrode locations are put at numericahitgf It is good practice to specify the actualmote electrode
locations, which can be done by adding $Tx.XYZ2 #iod pole-pole) $Ch.XYZ2 keyword records to theum raw
file (see raw file documentation in the File Fornagipendix). Remote electrode locations must beifspe in the
same along-line X, across-line Y and depth Z cowtdis use for the survey line transmitter and veceglectrodes.
There may be multiple remote locations, which aasilg handled by adding multiple $Tx.XYZ2 and $CKZ2
records to the raw file. If a station file is te mported to add electrode (east,north,elevatonydinate information,
the remote electrodes can be included by usinglé-lme stn file format, with the remote's acrdgse coordinate as
the stn file line variable.

Cravgw saves averaged data to the Zonge avg file formdebault. But it can also write averaged dattheoGeosoft

IP *.dat format. Check boxes can be used to tuawg and *.dat format output on or off. Pave data in legacy
*0.avg checkbox option is included if legacy-format TDiiles are required for backwards compatibility wibkd
software. Checkingsave Unaveraged Data to Geosoft *raw.dat will export unaveraged data to a Geosoft format
*.dat file, an option which can be helpful if yoteausing Geosoft's IP module for data quality calrend plotting.

After survey configuration values have been vetlifielick on theContinue button to go to the next processing step
and review the data or selétancel to abort data input.
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Review Data Dialog

N S - i iS5 i 1 Section 171 1
o)) © N o [o%) = = p —————
o o o o o o o (
o o o o o o o ¢ View [BxappPes ohmm) =]
® & i i i }{ i Zoom In Zoom All
1 Pan Left Pan Right
Calar Fill Limits
View Point Flip Palarity
Plot PNG Auta Skip
1 37.2 2097 5555 29.04 33.24 3135 L—I«S‘“:D“ = —J‘E:“T"EW
eft click on point to set skip flag.
27.93 bickeredisatinkons oo
2 32.57 21.88 35.49 42.46 27.48 33.74 3291
49.49 36.48
3~ 37.04 22.03 36.23 3859 48.59 36.55 43.78
62.92
4 29.56 38.27 39.92 47.36 62.53 46.9
5~ 55.11 42.6 48.07 58.96 755
6 61.51 50.83 58.12
7 71.96 60.12
8- 83.61
9

Review Data shows Dipole-Dipole, Pole-Dipole and Pole-Poleistesty and IP data as a pseudosection or as
individual data point transients. Gradient data stiown in map view or as individual points, whilewn-Hole and
Lab-Rock data are plotted point by point. In tleydosection and map plots the horizontal axisased to client
station numbers and the vertical axis is n-spafimgseudosections or across-line distance for meyws. Posted
numbers indicate individual data values with cdltbed contours showing the overall pattern. Bldaekt shows data
point values that have not been skipped, while gisudosection text indicates skipped data. Adgssction or map
data point can be skipped by pressing the left mbugton while the mouse cursor is over the bad gaint. The skip
flag can be cleared from a point with a right mobséon click while the mouse cursor is over thaygd out data
value.

A small pop-up dialog provides options for Data Rewplot control. Each pseudosection plot shows dar one
electromagnetic field component. If the data setudes more than one component, a track bar dtomgop of the
dialog controls which EM component is displayedhe pseudosection plot.
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[&] CRAVGW 1.14i updated 28/uly/14, processing cr0853dd.raw m
1 Secion 1/1 1

P ‘

||

(

( View [ExymuistCunes ]
Zoom In Zoom All
Fan Left Pan Fight

s Color Fill Limits

’1‘_\ b - ‘ N ) ] \ \ View Point Flip Polarity

b o o= i Plat PNG Auto Skip

K \ Sowe Data Exit Review
1 4% £ + i + E- T
L \ R Left clic ointta set ski }
\ N \ e 2 Right click on pointta clear ski
N ~ -

Click and drag to skip/clear a group

009

0086

oocl
00sl
008l
0oLe
0obe

{

) N \ | \ ! \ ;
3+ \ ‘+ \ “‘\+ \ 3 \‘+ + \ ' :
. \ \
4 T E ¥ ¥ } \ 1
5+ + + i y |
6 } i !
7 + i
8 +
]

The View field shows a list of data types available forpthy, Apparent resistivity (ohm-m), IPO = 3-polft phase
(mrad), IP1 = transmitter frequency IP phase (mradjquist Curves => shows a pseudosection with allsm
real(mV/A) versus imag(mV/A) plot for each data mpiReal(mV/A) and Imag(mV/A) show signal levelsThe
Nyquist curves View option shows a pseudosectioth wi small Real(mV/A) versus Imag(mV/A) plot at kac
pseudosection data point. It provides a good eeerof data quality and the character of the spé€@R response.

To see more detail in a long linépom In allows magnification of pseudosection detail€ravgw will show a
magnifying glass cursor wheétoom In has been clicked. Position the curser on oneecarfithe area of interest and
“left click” (depress the left mouse button) to hoc a corner of th&@oom In selection rectangleCravgw will then
show at+ shaped cursor and a green rubber-band box indicte extent of the selection rectangle. Moventioeise
cursor to adjust the selection box to include treaaf interest and left click again to see a migphipseudosection
plot. ThePan Left andPan Right buttons allow lateral movement when the pseudmseptot is magnified. Clicking
on the Review Data dialagoom All button restores the pseudosection plot to a fallesview.

Data point polarity can be changed by clicking beFlip Polarity button, which will change the mouse cursor to a
double arrows. A left click anchors one corner of a rubber baoe, andcravgw will then show a + shaped cursor
and rubber band box outlining the extent of thea@n area. A second left click anchors the séamrner of the
selection box, and the polarity of all data withire selection is reversed. Polarity flips are wistble when the
pseudosection is showing apparent resistivitiespblarity is visible in the other pseudosectioatpipes.

Plot PNG exports the current pseudosection plot to a pogdple network graphics) raster image file. Theg plot
file will have Ares, IPO, IP1, or Nyquist appendedts file name to indicate the pseudosection tigia.

TheColor Fill Limits button can be used to adjust the color fill limgspping up a dialog with the color fill range for
each pseudosection parameter type.
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Verify color fill imits

Minimurn Mairurn
3.0 asinh10{miviA)

Fesistance I 0.0

App. Resistivity | i 30 asinh10(ohm-m)

|
|

IP Phase | 0.0 | 50.0 mrad
| 10.0 mrad

IP Error | i

Colar Fill Table file

diidatpro\cftable clr Select*.clr
" Continue I Cancel |

Resistance (mV/A = milliohms) and apparent resistigre transformed with the asinh10 function feepdosection
color fill. Asinh10(x) looks like x for x = 0 to &nd looks like log10(x) for x > 1, allowing repesgative color fill
across at large range. The Color Fill Limits dipidso allows selection of an alternative coldrddectrum file (*.clr).
Clr files use the Surfer “Color Spectrum File” faman ASCII format that specifies a table of ¢eet, red, green,
blue) values, where percent can vary from 0 atctier fill minimum to 100 at the color fill maximunand red, green
and blue are integer values between 0 and 255s@mtiag color intensity.

Auto Skip button provides a quality control short cut.

Apply Auto Skip
[+ Skip ARes Error > I 5.0%
[¥ Skip IP Error > I 10.0 mrad

[w Skip Tx current 0.10 amp

| Continue I Cancel |

Auto Skip sets averaged data skip flags if selected crifm&s user selected thresholds. Check boxes tum Skip
criteria on or off. A check mark indicates that ttriteria will be used to set skip flag§kip Ares Error > skips
averaged apparent resistivity values whose erroeeds the percent error threshold in the uppet righmeric field.
Skip IP Error > skips averaged IP phase values whose error exteedpecified mrad threshol&kip Tx current <
can be used to skip averaged apparent resistimdyl@ chargeability values when the transmitteremnirfalls below
the specified threshold in amps. The Skip Tx qurrecriteria should not be used on LabRock dataabse LabRock
currents are usually quite small, less than a amilp. The Continue button applies the Auto Skipeoa to the
averaged data, while Cancel aborts Auto Skip witlsedting any skip flags. Auto Skip is also avaléaas an option
on the main menu (which is described later in tlisumentation). The main menu also has a Clear Hkigs option
to undo Auto Skip and any manually set averaged skip flags.

To review data on a point by point basis, clicktbeView Point button. The mouse cursor changes to a greenesquar
A left click with the square over a pseudosectiatadpoint selects the point to show as a IP phassus frequency
“Bode plot” or real versus imaginary apparent gty “Nyquist plot”.
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@ CRAVGW 1.141 updated 28/July/14, processing cr0853dd.raw -0 LI
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D-D Line IP04 N

Tx 1500,1200, Rx 0,300, N=3

55 | Tx freq 0.125, current 4.84

gdp blocks 5738:5741, chn 6, Ex

Vp/1=0.655 mV/A, ARes=37.04 ohm-m, CntRes=1.64 kohm
| 3-point IP=8.721 +/-0.948 mrad

IP Phase (mrad)

Review CR Data Point.
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1l Save Data Exit Review

Left Click o pointto sat paint skip flag.  Ctri+Left Click on pointta skip curve:
Right Click on paintto clsar point skip flag. Ctl+Right Click on peintto clear curve skip
Click and drag 1o skip or clear a group of points

] . L . L. ./ .

o
(5]
@

4

&
@
o

5 B
Frequency (hertz)

Bode and Nyquist plots show frequency-domain IR dette point at a time. Point plots provide a naetiled view

of the data and allow quality control skipping oélividual repeat values. Unskipped repeat datatpaire indicated
by small green circles, while skipped data aredatdid by a red circle. Averaged data points atieated by a slightly

larger black circle. If all of the repeat data &oparticular time window are skipped, the corresliog averaged data
point is skipped, and is plotted as a gray cirdi&ata point groups can be skipped by pressingehariouse button to
anchor one corner of a selection box, and then mgothie mouse with the button held down to locat sbcond

selection box corner. All data within the seleotioox is skipped when the left mouse button isasdel. Similarly,

skip flags can be cleared from groups of data polyt setting the corners of a selection box with tight mouse

button.

The three-point extrapolation to 0 hertz is showmbsted squares. Three-point values can be skippeleared in
the same way as other phase values.

An entire repeat curve can be skipped with a Ctieft_click while the cursor is over one of the weis points.
Conversely, Ctrl + right_click can be used to clgep flags on an entire repeat measurement curve.

The small pop-up plot control dialog can be repaséd by putting the mouse cursor on its blue ti#e, and then
holding down the left mouse button while moving theuse. The plot control dialog sometimes obscpeesof the
plot curves, but it can be dragged to a differeiton.

A plot control dialog for curve data review allowsvement between stations via a trackbar. If tbesa cursor is in
the plot window, the display can be advanced frtatian to station by pressing the right arrow kg N (N for Next)
key, or by rolling the mouse scroll wheel down. eTinansient curve plot can be moved to a previdasos by
pressing the left arrow key, the P (P for Previdwes), or by rolling the mouse scroll button up. eBkip All button

cravgw v1.15 Documentation 10



skips apparent resistivity and IP data for the entrrwhileClear All clears skip flags from both apparent resistivity
and IP phase valuesskip 1PO skips all of the IP data associated with the curdata point, but leaves the apparent
resistivity value unskipped. The IP values carleared with the&lear 1 PO button.

The Zoom In button changes the mouse cursor to a magnifyiagsgl Position the mouse curser on one cornereof th
area of interest and “left click” (depress the lefbuse button) to anchor a corner of Zwm In selection rectangle.
Cravgw will then show a+ shaped cursor and a green rubber-band box indgctitie extent of the selection rectangle.
Move the mouse cursor to adjust the selection bardlude the area of interest and left click agaisee a magnified
pseudosection plot. Plot limits can be customizét the Set Custom button.

Set custom plot imits
tinimum Maximum
Frequency m I 1125
IP mrad 0.000 I 60.000
Cantinue I Cancel |

Customizing plot limits provides an alternativetiie default view. You can jump between the defanlt custom plot
extents with th&Zoom Default andZoom Custom buttons.

Point data review includes Nyquist plots of Real(Vversus Imag(mV/A) as an alternative to the Hage versus
frequency Bode plots. Click on the Real vs Imatijdsuto move from the Bode to a Nyquist data ppiot.

@ CRAVGW 1.14i updated 28/July/14, processing cr0853dd.raw ;IEI l‘

D-D Line IP0O4 N

Tx 1500,1200, Rx 0,300, N=3
—Tx freq 0.125, current 4.84 T —
gdp blocks 5738:5741, chn 6, Ex i

@

16 | —

imag(Ex) (ohm-m)

0 ! 1 ! 1 !
355 36 365 37 375

real(Ex) (ohm-m)
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Nyquist plots show the same information in a déf@rmanner. Individual repeat measurements dteslstwn by
dotted line curves connecting small green or radtpo Square symbols indicate three-point valudésheertz.

The Review CR Data Point control dialog includescttbde coordinate fields. Apparent resistivityues are
recalculated if an electrode’s coordinates are gbdn Grayed out fields below the electrode coatdis report related
parameters like dipole length, n-spacing, resiganaenV/A, apparent resistivity and three-pointlfase.

A grid field on the right side of the Review TDIRifa Point dialog shows a list of individual repeegasurements. The
Skip checkbox can be used to set or clear the skipfflagach measurement.

The View Section button returns Data Review to the pseudosection¥fD, P-D and P-P) or map display (for Grd).
Save Data writes unaveraged data to a zdb file and savesged data values in an avg file. Zdb and avg filge the
same ASCII file format, although they hold diffetefata set typesExit Review closes the Review Data option and
shows a blank window with a menu strip along thge to

Main Menu Options

After the initial data review is finishedtavgw shows a strip of menu choice®pen brings up the Open File dialog to
select a new input data file nameéReview Data invokes the quality control pseudosection plotcdégd in the
previous section of this documentatioAuto Skip is a pop up menu category that includes the twauraptions
Apply Auto Skip and Clear Skip Flagé&pply Auto Skip menu option brings up the same Auto Skip contralodj as
the Pseudosection Data Review, Auto Skip buttorcriesd earlier in this documentatiorClear Skip Flags clears
skip flags from the averaged apparent resistivity B> phase values. It should be used with cauioce it can undo
skip flags set manually during Pseudosection Dataid®v. Save saves the current data to zdb, avg and optionally,
Geosoft IP format dat files, whilexit closescravgw.

Remedial Action\Import stn file can be used to import a stn file to add or updasg, north, elevation values for each
electrode location. If stn file coordinates areiged due to new information, open the zdb filehwall of its saved
quality control editing decisions and use Reme@ieion\Import stn file to import the new geograplticordiantes.
Menu option
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The Export WMF menu selection pops up a two-panel plot with avedlageal (E/EQ) versus Imag(E/EQ) in the top
panel and averaged apparent resistivity and IPephaisus frequency in the lower panel. The coetbplots can be
exported to wmf files one at a time with tkgport One WMF button, or all at once with thExport All WMF
button. Export WMF provides a way to display résuin a point by point basis, and is most ofterdusepresent
LabRock results.

@CRAVGW 1.14i updated 28/July/14, processing cro853dd.raw 15 a2 L]
Open Review Data Auto Skip Remedial Action Export WMF  Save Exit

Export CR curve plots to WMF
WMF

1
b

01 DD Line IP04 N R IP\n‘mmz‘ - 42

Tx 1500,1200, Rx 0,300, N=3

Min Tx freq 0.125, current 4.84
U801~ gdp blocks 57385741, chn 6, Setup 6, Ex
ARes =37.04 PlotLimits ~ Minimum  Mesimum

| 3-paint IP=8 721 +/-0 948 mrad ] Feal(CR/CRO) 09167 1027 ratio
Imag(CR/CRD) | 4951963 7.2456E2 ratio

Arrow keys increment and deincrament plot incdex

050

g - B
E App. Resistivity 10.00 1000 g
=
i
i IP Phasa 000 2000 rorad
& nof- B
E Frequency 1000 1125 herts

00| E [V Show Eror Bars

Exprt One WHIF | Expart All WhF |
mo| g
Exit FlatWhiF
0
®  ®m  ow % % & s 8 A0 10 12

Real(Ex/Ex0)

200 0*

100

IP Phase (mrad}, solid line
\
Apparent Resistivity (ohm-m), dashed line

Frequency (hertz)

The Export CR plot WMF control dialog includes @islfor manual control of plot limits. THexit Plot WM F button
closes the plot window and returns the progranméontain menu.

Menu optionSave saves the current data to zdb, avg and option@ggsoft IP format dat files, whilExit closes
cravgw.
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Drill-Hole Survey Configuration

The most general IP survey configuration is D-HPomwn-Hole, which can be used for either surfacefase to hole
or down-hole surveys. To minimize restrictions @+H array geometry, the GDP-32 does not attemptaloulate
apparent resistivity values. With the D-H arrdye GDP-32 menu 4 Tx value is used as numeric fabel transmitter
bipole. Cravgw reads a twc file to recover transmitter wire caoates by keying on the Tx ID number.

Partial Listing of a Drill-Hole Survey twc file with multiple transmitters:

Tx.GdpStn, X1, Y1, 71, D1, X2, Y2, Z2, D2
0, 0, 0, 2140, 0, 1505, -735, 1894, 0
300, -62, 1, 1795, 300, 1505, -735, 1894, 0
650, 1505, -735, 1894, 0, 1505, -735, 1894, 0

Numbers in the Tx.GdpStn column are used as Txdixskvhich identify each transmitter. There mayrme than
one file records for each transmitter if the traitnwire has more than one straight-line segméitte first and last
records for each group of transmitter wire coort#inare interpreted as electrode coordinates.stRétsi surveys only
require coordinates for the two transmitter elei¢rdocations, but MMR or MIP surveys need to hawe actual
transmitter wire trace for magnetic field calcubas, which usually requires a twc file with mulépegments for each
transmitter wire configuration. The example shatove specifies transmitter electrode coordinaies fdown-hole
array that used three different down-hole electmpdsitions all connected to a common remote eldetroX values
represent either geographic eastings or grid edses. Y values are northings or grid north. HKiga are elevations,
while D values are depths relative to the surface.

To keep track of receiver electrodesavgw uses line and station numbers as keys to eadh, nelevation (and
optionally depth) in a stn file. Stn file eastrtmoand elevation values must be in the same coatelisystem as twc
file x, y and z values.

Partial Listing of a Drill-Hole Survey stn file with multiple lines:

Station,East,North,Elevation,Depth,Line
0, 0.0, 0.0, 2137, 0, O

100, 0.0, 100.0, 2159, O, O
200, 0.0, 200.0, 2184, 0, O
300, 0.0, 300.0, 2237, 0, O
400, 0.0, 400.0, 2294, 0, O
500, 0.0, 500.0, 2284, 0, O
600, 0.0, 600.0, 2290, 0O, O

0, 0.0, 0.0, 2137, O, 4
100, 70.7, 70.7, 2142, 0, 45
200, 141.4, 141.4, 2178, 0, 45

600, -424.3, 424.3, 2309, 0, 315

A station file with multiple lines must includelane column with numeric values corresponding to linenbers.
The line column must not include non-numeric télx '315NW”, the entries have to be numeric vallies “315”.
Drill-hole surveys may have receiver electrodes mdwle, for which the correspondimepth values should be non-

zero. Cravgw treats both positive and negative depth valuedistance below the surface. Stations can be on the

surface or below ground, but not suspended in itheb@ve ground. Since (east,north,elevation) farnight-handed
coordinate system with z=elevation positive amvgw internally sets depths to negative values for gifbse station
locations so that (east,north,depth) is also a-tiginded coordinate system.
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Radial Lines for Hole-to-Surface IP

6004 4+ LineON

500 1 _
Line 315 NW Line 45 NE
400+ 1
300 1

200 T

100+ T

Line 270 W Line 90 E

Northing (m)
o
1

-100+ +
-200+ +
-300+ +
-400+ 1

Line 225 SW Line 135 SE
500 +

-600- - Line 180 S

T T T T T T T T T T T T T
600 -500 -400 -300 -200 -100 0 100 200 300 400 500 600
Easting (m)

A typical down-hole survey might have an array e€aiver lines on the surface near the drill holdacowith
transmitter electrodes placed down hole. In theengle shown above, a radial array of eight recdives is set up
around a drill hole collar at (0,0,0). The statimmmbers indicate radial distance from the drillehcollar and line
numbers indicate line azimuth. By defa@tavgw calculates D-H receiver electrode station numeétis the same
conventions used for GDP-32 Grd (gradient) arreBsth D-H and Grd arrays must use station numbatsrepresent
distance along line in the same units used to §pd#oe A-SP field receiver dipole length. The GBP-channel
numbers are used as dipole-length n-spacing offsets the GDP-32 menu 4 Rx field value. If thepasing is
greater than 0, then the first receiver electredat iRx + (n_space — 1) * a_space, and the seemeiver electrode for
the same receiver dipole is at Rx + n_space * a&espH the GDP input channel n-spacing valuedese than or equal
to 0, then the first receiver electrode is at Rx space * a_space, and the second receiver eleds@ad Rx + n_space
* (a_space + 1). If you don’t want to confuse g®lf, use only positive integer n-spacings wheruaittg Grd or D-H
data. Other GDP channel number conventions camsbéd, entering the stn number or stn number offfisgte GDP
channel number fields, but be sure to specify tireect Channel Number Type in the processing cbdtabog.

Once receiver electrode station numbers have balenlated,cravgw can use (line,station) coordinates to interpolate
along-line to electrode positions in (east,northtde coordinates based on stn file values. Ling teeither on the
surface or down hole. If tHene type is Points, indicating that the stations are not arranged@b line cravgw uses
the Ex component heading to calculate receiveltrelde positions, rather than along-line interpolati Ey electrodes
for points are aligned 90 degrees counterclockivim® Ex in map view. Point stations are most oftised for vector
and tensor IP surveys. Apparent resistivitiescaleulated based on the potentials expected inifaromresistivity
half-space with a flat surface. For D-H surveyavgw includes (x,y,z) columns for each transmitter aeceiver
electrode, keeping track of electrode positions tinay be below the surface of the ground.
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Partial Listing of a Drill-Hole Survey avg file showing (x,y,z) coordinates for each Tx & Rx electrode:

Tx.GdpStn, Tx.X1,Tx.X2, Rx.X1,Rx.X2, Tx.Y1,Tx.Y2,
0, 0, 1505, 70.7,141.4, 0, -735,

300, -62, 1505, 70.7,141.4, 1, -735,

650, -112,1505, 70.7,141.4, 8, -735,

1050, -178, 1505, 70.7,141.4, 21, -735,

0, 0, 1505, 141.4,212.1, 0, -735,

300, -62, 1505, 141.4,212.1, 1, -735,

650, -112,1505, 141.4,212.1, 8, -735,

Rx.Y1,Rx.Y2, Tx.Z1,Tx.Z2, Rx.Z1,Rx.Z2,...
70.7,141.4, 0, 0, O, 0O, ..
70.7,141.4, -300,0, O, O,

70.7,141.4, -650,0, 0, O,

70.7,141.4, -1050,0, O, O,
141.4,212.1, 0, O, O, O,
141.4,212.1, -300, 0,
141.4,212.1, -650, 0,

co-
o
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Lab Rocks Data Processing

The most unique IP survey configuration is Lab abdaratory Rock sample measurements. LabRock ssideyot
need to keep track of electrode locations, so GibRanic sample numbers are used to identify rockpéesn Cravgw
adds a Sample.Name column to Lab Rock zdb andilesy By default Sample.Name is set to a textes@ntations of
the GDP Sample.Number valu@ravgw can import alternative Sample.Name text (and oplicample east, north,
elevation and depth) from a *.lab file. The pro@egs<ontrol dialog includes fields for selecting.tab file when Lab
Rock data are processedCravgw Data Review Lab Rock plots show Sample.Number and Sample.Name
annotation, so rock sample data can be identifielbdbth a sample number and a text name.

CR Lab Rock configuration

Project

Area

by

Job# IBEIEH Date  |9-06-01 IP Array ILab j Length Units Icm e
Line Mame ITN Line Nurber 1.0

Lab File = sample # sample name, [easthorh, elevation, depth]

I Uss*labFile [05290h b Select*Lab |

Output Files
[¥ Save CR datain avg file ICV529|ﬁb avy [ Savedatain legacy*o.avy
[~ Save CRdatain Geosoft .dat |Df529|ﬁb dat

Cancel |

The Lab Rock survey configuration dialog includeSedect *.Lab File button which allows interactiselection of a
* lab file. The *Lab File check box can toggle hldile input on or off. Text to the right of the etk box shows the
name of the input *.lab field.

Partial Listing of a Lab Rock lab file:

$GPS.Datum=WGS84
$GPS.UTMZone=16

Sample.Number, Sample.Name, East, North, Elevation , Depth
2, "SS 2", 675442, 4346062, 2278, 0
3, "Schist S3", 675474, 4346155, 2273, 0
4, "Granite S2b", 675506, 4346250, 2263, 0
5, "DH3 S5", 675537, 4346345, 2243, 500
21, "Shale 5a", 675570, 4346440, 2203, 0
22, "Chert 1", 675602, 4346534, 2176, 0

7161, "SS 3NWa", 675634, 4346629, 2155, 0

Sample.Number values are used as a key to link fila entries to the GDP LabRock IP data. SanNdee values
are arbitrary sample text labels up to 32 charadterg.

Optional East, North, Elevation and Depth columas e included to specify the sample's source itotat If
geographic coordinates are included $GPS.Datum$&S.UTMZone keyword records may be used to spéoey
datum and zone of UTM east, north, elevation comdis. GPS.UTMZone values are positive for theheon
hemisphere and negative for zones south of thetequa
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Partial Listing of a Lab Rock zdb file after updating from a lab file

Sample. Number is a numeric value used as a kiyk@DP data and *.lab file input. text to reprasa rock sample
label. Sample.Name is an arbitrary text samplellalé sample location coordinate east, north, at®n, depth
columns are in the *.lab file, their values are exged to the zdb and avg files in columns Plt.BistNorth, Plt.Elev
and PIt.Depth

Sample.Number,Sample.Name, Sample.Length,Sample.A rea, ...,Plt.East, Plt.North,Plt.Elev, Plt.Depth
2, "SS 2", 45, 15.8, ..., 675442, 4346062, 2278, O
2, "SS 2", 45, 15.8, , 675442, 4346062, 2278, 0
3, "Schist S3", 3.6, 14.2, ..., 675474, 4346155, 2273, O
3, "Schist S3", 3.6, 14.2, ..., 675474, 4346155, 2273, O
4, "Granite S2b", 4.6, 9.9, ..., 675506, 4346250, 2263, O
4, "Granite S2b", 4.6, 9.9, ..., 675506, 4346250, 2263, O
5, "DH3 S5", 4.6, 9.7, ..., 675537, 4346345, 2243, 500
5, "DH3 S5", 4.6, 9.7, ..., 675537, 4346345, 2243, 500

ECRAVGW 1.15a updated 1/July/15, processing cr529lab.raw
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When sample labels are imported from a lab file Bata Review plots show the Sample.Number and #ila
Sample.Name text in the upper-left corner of tha.pFor the first data point, the plot annotatidentifies the sample
as “Sample 2, SS 2".
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File Formats

cravgw.ini: survey configuration and processing co ntrol default values

Cravgw.ini is used to set default survey configuration ametessing control values. It is an ASCII file tizain be
edited with a generic text editor. Each line ikeyword record with a@program:keyword=value(s) or
$keyword=value(s) format. There may multiple comma-separated vahfesr some keywords. For example
TBin.Begin andTBin.End are followed by long list of comma-separated valu€omment lines beginning with
the charactet, !,/ or\ can be anywhere within an ini file. Blank lines and comment lines are skipped while
cravgw is readingni files.

Cravgw.ini is primarily used to storeravgw processing control parameters, but generic suceejiguration keyword
records may be pasted into the ini file to contraivgw default values.Cravgw updates the $CRAVGW: records in
cravgw.ini with its current processing control values. Angigional keyword records icravgw.ini are saved as is.

Listing of sample cravgw.ini

$CRAVGW:Version=1.11c applied 2009/07/29
$CRAVGW:Avg.Type=Straight
$CRAVGW:3Pnt.Type=Real & Imag
$CRAVGW:3Pnt.Coef=Quadratic
$CRAVGW:3Pnt.Freq=0.125,0.375,0.625
$CRAVGW:3Pnt.Wgt=1.875,-1.25,0.375
$CRAVGW:TxFreq.Min=0
$CRAVGW:TxFreq.Max=1000
$CRAVGW:MHAFreqg=5
$CRAVGW:Ch.NumberType=N-Spacing,Antenna #
$CRAVGW:Skip.OnARerr=Yes
$CRAVGW:Skip.OnlPerr=Yes
$CRAVGW:Skip.OnTxAmp=Yes
$CRAVGW:Skip.ARerrCeiling=5 %
$CRAVGW:Skip.IPerrCeiling=10 msec
$CRAVGW:Skip. TxAmpFloor=.1 amp
$CRAVGW:CF.RPdat= 0.0,3.0 asinh10(mV/A)
$CRAVGW:CF.ARdat= 0.0,3.0 asinh10(ohm-m)
$CRAVGW:CF.IPdat= 0.0,50.0 msec
$CRAVGW:CF.IPerr= 0.0,10.0 msec

Version control

CRAVGW:Version = string,cravgw output only, savesravgw version number

Averaging

CRAVGW:Avg.Type = enumeration, {Straight,Robust}

Three-point extrapolation

CRAVGW:3Pnt.Type = enumeration, 3-point extrapolation data {Real & gnilag & Phase}
CRAVGW:3Pnt.Coef = enumeration, 3-pnt coefficients {quadratic, Cogdo5, Coggon 2.5. Custom Freq}
CRAVGW:3Pnt.Freq = float, 3-point frequencies (hertz)

CRAVGW:3Pnt.Wgt = float, 3-point data weights

Data filtering

CRAVGW:TxFreq.Min = float, minimum Tx frequency to include (hertz)
CRAVGW:TxFreq.Max = float, end maximum Tx frequency to include (hgrtz

CRAVGW: MHAFreq = enumeration index, maximum harmonic to use {1=3,3=5,4=7,5=0}
GDP

CRAVGW:Ch.NumberType = enumeration {Stn # Offset,N-Spacing,N-Space @ffntenna #}
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Auto skip control

$CRAVGW:Skip.Auto = boolean, yes=apply Auto Skip on data input
$CRAVGW:Skip.OnARerr =  boolean, yes=skip if apparent resistivity erroreding
$CRAVGW:Skip.OnlPerr = boolean, yes= skip if IP error > ceiling
$CRAVGW:Skip.OnTxAmp = boolean, yes=skip if Tx current < floor
$CRAVGW:Skip.ARerrCeiling = float, apparent resistivity error ceiling (%)
$CRAVGW:SKip.IPerrCeiling = float, IP error ceiling (mrad)

$CRAVGW:SkKip. TxAmpFloor = float, Tx current floor (amps)

Color fill limits

$CRAVGW:CF.RPdat = floats, resistance color fill minimum and maximin asinh10(mV/A)
$CRAVGW:CF.ARdat = floats, app. resistivity color fill min and maxasinh10(ohm-m)
$CRAVGW:CF.IPdat = floats, IP phase color fill minimum and maximimmrad
$CRAVGW:CF.IPerr =floats, IP phase error color fill minimum andxmaum in mrad

24-bit cac file processing control (for future use)

CRAVGW:Process.TS = boolean, yes=process cac file time series data
CRAVGW:Process.STACK = boolean, yes=process cac file stack data
CRAVGW:Process.DECAY = boolean, yes=process cac file decay data
CRAVGW:Process.BINNED = boolean, yes=process cac file binned transient data
CRAVGW:Stack.Type = enumeration, {Straight,Taper,Robust}
CRAVGW:Stack.Shape = float, Kaiser window taper (O=rectangular to 5=Gaas)
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Color-fill table file (cftable.clr)

CfTable.clr is an ASCII file specifying the colgpexctrum to use for color fills. The installatioargion has a blue-to-
red rainbow spectrum, but cftable.clr can be custedhto suit individual tastes. CfTable.clr udes Golden Software
Surfer format, so sample Surfer clr files with diffint color spectrums can be copied from the féB&Gamples
subdirectory.

Listing of cftable.clr :

ColorMap 11
0 178 178 255
25 153 255 255
50 128 255 128
75 255 255 0
100 255 0 0

cftable.clr file variables:

Cravgw ignores the header line “ColorMap 1 17, but it skibloe included for compatibility with Surfer.

The remaining numerical records specify range, geden and blue values for a variable nhumber ohangoints,
where
Range = percent between minimum and maximum coatbdata (0 to 100),

Red = amount of red color from O=none to 255=maxmmu
Green = amount of green color from 0=none to 255¢mam,
Blue = amount of blue color from O=none to 255=maxmn.

Colors are interpolated between anchor points toageolor-fill spectrum with continuous gradatiofRange values
should be ordered from low to high with no duplecatalues, and should include records for the minimand
maximum range values, 0 and 100.
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MDE file - line annotation, survey configuration an  d data processing control

Cravgw looks for an optional *.mde file with the sameefihame stem as the input data file to get projadtlme
specific default values. MDE files have an ASGiirhat that is easy to edit and are usually usesktanitial survey
annotation, survey configuration, and processingrob parameters for each survey line. A MDE filensists of one
or more “mode” or keyword lines, each of which eggiwith a "$" in the first column, optionally folled by a
program name and colon ":". The keyword is follow®y an equal sign "=", then the value to assigthéoassociated
variable.

Spaces may be included between the elements ohdue line. Spaces in values defined as text willnzluded as
part of the value. Some keywords, like Rx.HPRetalultiple comma-separated values. Annotationgeiigs should
be enclosed in quotes, so that any enclosed corareasot parsed as value field separators. Linashgin with a
leading !, \, / or “ character are interpreted asyment lines and skipped over during mde file inpéia keyword line
includes a program name, only the named prograihreéd the record. Including a specific prograrmeédentifies

which program is to use the associated parametdueva The same $program:keyword=value(s) and

$keyword=values(s) format is used in mde, ini, add avg files. Programs ignore unknown keywordindunput, so
new keywords may be introduced without breakingsalftware.

Sample MDE file listing

$Job.Name = "CR D-D Data"
$Job.Area = "Zonge Datpro”
$Job.For = "Zonge AZ"

$Job.By = "Zonge AK"
$Job.Number = "110a"
$Job.Date = 09-06-15
$Survey.Type = CR
$Survey.Array = D-D
$Line.Azimuth = 90
$Stn.GdpBeg = 0

$Stn.Gdplnc = 300
$Stn.GdpUnitScale = 0.3048 m/GdpStn#
$Stn.Beg =0

$Stn.Inc = 300

$Stn.UnitScale = 0.3048 m/Stn#
$Rx.Length = 300,300 ft
$Rx.HPR =90,0,0

$Unit.Length = ft

Keywords Stn.GdpBeg, Stn.Gdplnc, Stn.Beg and Streém be used to shift and scale the GDP statiorbets used
in *raw or *fld files to a different set of “@nt” station numbers suitable for report plots. tNthat stn files use
client station numbers, since station location rimfation is often provided by the client. Clienatgtn numbers are
calculated from GDP station numbers using Stn a.(&lp — Stn.GdbBeg)*Stn.Inc/Stn.Gdpinc + Stn.Bégefault
values produce no station number shifting or sgalin

Stn.GdpBeg = first GDP station number origin (legacy al&tLow )
Stn.Gdplinc = GDP station number increment (legacy aasDelt )
Stn.Beg = client station number origin (legacy aliasiFrst )
Stn.Inc = client station number increment (legacy aliatDelt )

Stn.UnitScale client station number to meter scale (meteesitlistn_number)
Stn.Left client station number on left side of pseuddsect section plots
Stn.Right = client station number on right side of sectitotp
Stn.Left  may be greater thaBtn.Right  to reverse plot axis station number order
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Survey Annotation

Job.Name = string, project name (< 128 char) (legacy akagject)

Job.Area = string, project area (< 128 char)

Job.For = string, client name (< 128 char) (legacy alzEnt)

Job.By = string, contractor name (< 128 char) (legacy aliaspany)

Job.Number = string, identifying job label (< 16 char) (legaayasJobNum, JobNumber)
Job.Date = string, data acquisition date (< 16 char) (legal@dsJobDate)

Line.Name = string, arbitrary line "number" (< 16 char) (legaliasLine)

Line.Number = float, line number, used for coordinate interpaati

Line.Azimuth = float, azimuth (deg E of N of increasing stn nunsh@r string = NnnE bearing format

Survey Configuration

Survey.Type = enumeration, always CR

Survey.Array = enumeration, IP array typ®{D,P-D,P-P,Grd,Sch,D-H,Lab }
Unit.Length = enumeration, length unitsx{,ft } (legacy aliasUnits)

Tx.Length = float, Tx dipole length (length units) (legacy aliexLength)
Rx.Length = floats, X and Y Rx dipole lengths (length units)

Rx.HPR = floats, Rx component orientation (heading,pitct gel)

Roll = 0 => z positive up, roll = 180 => z positidewn
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STN file - station location and elevation

STN files hold information about station locatidnsa tabular format with space or comma separashdgeg. A STN
file should have at least two entries, correspogdinthe first and last stations. Additional eedrimay be necessary to
trace out topographic changes or curved lines. M\BNE assumes that station numbers are relateddtanice along
line. Station number values are used to lineargrpolate (easting,northing,elevation) coordinéesstations that do
not have a matching entry in the STN file. If Etatnumbers are scaled by entries in the MDE S€N-file station
numbers should be in the scaled and shifted cliatiton numbers defined by Stn.Beg and Stn.Incthetinscaled and
unshifted GDP station numbers defined by Stn.GdpBégyGdpinc.

Records beginning with a !, “, \ or / character @eessified as comment lines and are skipped.
Blank records are skipped.

Some grid coordinate systems, such as UTM coomnaian generate very large coordinate values. yesgrams
store station locations as floating-point numbeith weven significant figures. It may be necesdarwubtract a
constant from large coordinate values in orderlkmraaccurate representation with no more than sesignificant
figures.

Station files may include optional Heading, Pitetd @r Roll columns. A Heading column is often atldfesurveys
include spot soundings where the EM component taiiem varies from one station to the next, i.eoreaissance or
tensor IP surveys. There may also be an optiomgtidcolumn, to locate down-hole survey receivatiais with
respect to the surface of the ground. A statilennfiay hold data for multiple lines if a Line colans present.

Listing of typical stn file:

Station, East, North, Elevation, Line
84.0, 5595, 5887, 2030, 1400
86.0, 5533, 6079, 2035, 1400
88.0, 5471, 6271, 2040, 1400
90.0, 5410, 6463, 2040, 1400
92.0, 5348, 6654, 2045, 1400

120.0, 4487, 9340, 2120, 1400
122.0. 4425 9531, 2120, 1400

STN file column definitions:

Station =  client station numbers

East = grid east (m or ft, length units specified when SITEV creates a new std file)
North = grid north (m or ft)

Elevation = elevation (m or ft)

Heading = X component azimuth (deg E of N), optional column

Pitch = X component pitch (deg up from horizontal), optibo@umn

Roll Z component rotation about X axis (deg clockwis@}jonal column

Depth = depth with respect to surface for D-H array (mtyrdptional column for D-H surveys
Line = line number, optional column for stn files with riple lines
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TWC file — transmitter wire segment endpoints

TWC (Transmitter Wire Coordinate) files hold trariger wire segment endpoint coordinates in a tabidanat with

space- or comma-separated values. TWC files @@ fos down-hole surveys, where a transmitter \wieg/ have one
end at a remote surface location and the othedenah hole. The Tx.GdpStn column value is usednaslentifier to

match TWC file records to time-domain IP data pgind TWC file should have at least one entry factetransmitter,
specifying the two transmitter wire endpoints. Aidahal records may be present to locate corneriénTx wire

layout for MMR and MIP magnetic field calculation.

TWC files must include nine columns, Tx.GdpStn, X1, Z1, X2, Y2, Z2 and D2. X is easting or gridse Y is
northing or grid north. Z is elevation or relatilevel, z is positive upward. D is depth relatteethe surface, and is
positive downward. TWC and STN files must use ane coordinate system. Most of the time, (x,%2)
(east,north,elevation), but when D-H surveys aedu® describe a complex survey with receiver dipoh parallel
lines, it may be more convenient to use a coordiegstem with grid east aligned along line.

Listing of typical down-hole TWC file:

Tx.GdpStn, X1, Y1, Z1, D1, X2, Y2, 72, D2

0, 403214, 4483381, 2140, 0, 404719, 448 2646, 1894, O
300, 403152, 4483382, 1795, 345, 404719, 448 2646, 1894, O
650, 403102, 4483389, 1502, 638, 404719, 448 2646, 1894, O
1050, 403036, 4483402, 1105, 1035, 404719, 448 2646, 1894, O
525, 403214, 4483381, 2140, 0, 403036, 448 3402, 1105, 1035

TWC file column definitions:

Tx.GdpStn = Tx identification number (numeric value)

X1 = positive east (m or ft, length units must be caesisthroughout the data set)
Y1 = positive grid north (m or ft)

Z1 = positive elevation or relative level, z+ up (m 9r f

D1 = positive depth with respect to surface, depth stp@ down

X2 = negative east (m or ft, length units must be ceastthroughout the data set)
Y2 = negative grid north (m or ft)

Z2 = negative elevation or relative level, z+ up (mtr f

D2 = negative depth with respect to surface, depth $itipe down
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LAB file — Lab Rock sample labels

Lab files hold Lab Rock sample label text in a fabuormat with comma-separated values. LAB filese
Sample.Number values as keys to Sample.Name ai@habsample-location coordinate information. Lfdes have
several record types:

Records beginning with a !, “, \ or / character elessified as comment lines and are skipped.

Blank records are skipped.

Records beginning with a $ should have a keyworlirevéormat. Keyword records may occur anywhere ivitnlab
file. To record UTM coordinate datum and zoo@vgw recognizes the keywords $Gps.Datum and $Gps.UTMZon
Unrecognized keywords are ignored.

As the data columns may be in any order and sorhents are optional and may be missing, the comrparaged
numeric and text data block must be preceded i label line. Unrecognized column labels amal dssociated
column data are ignored. Columns Sample.Number Samdple.Name are required. The geographic codslina
columns East, North, Elevation and Depth are optigbut all four should be included if geographémgple location
coordinates are to be imported imt@avgw).

Listing of typical Lab Rock LAB file:

Sample.Number, Sample.Name, East, North, Elevation , Depth
2, "SS 2", 675442, 4346062, 2278, 0
3, "Schist S3", 675474, 4346155, 2273, 0
4, "Granite S2b", 675506, 4346250, 2263, 0
5, "DH3 S5", 675537, 4346345, 2243, 500
21, "Shale 5a", 675570, 4346440, 2203, 0
22, "Chert 1", 675602, 4346534, 2176, 0

7161, "SS 3NWa", 675634, 4346629, 2155, 0

$GPS.Datum=WGS84
$GPS.UTMZone=16

LAB file column definitions:
Sample.Number=  sample number to link with GDP LabRock measuremeatglired column (numeric value)

Sample.Name = rock sample text label, required column (up tacBaracters)
Optional geographic coordinate columns

East = sample location easting (numeric value, often UTbters)

North = sample location northing (numeric value)

Elevation = sample location elevation (numeric value)

Depth = sample location depth (numeric value)

LAB file $keyword=value records
$GPS.Datum = geographic coordinate datum (string)
$GPS.UTMZone = UTM coordinate zone, negative for southern henesglfinteger)
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CR cac File Format Documentation

The GDP-32 saves CR data in a binary cache file with a bledord format. Each record has a consistent eaftern
structure, so that programs can search thraagtiles and skip records that are not of immediateriest or are of an
unknown type. The format anticipates the additbmew record types in the future, and new recgpeg$ using the
consistent external record structure will not breaisting software.

Eachcac record (of any type) in the binary cache is staretthe following manner.

_|_record content 1l |
\ \ \Record Type \ / \ Record length of next record
\\ \\Record Flag / /
\\-- Record Leng;th ----- /

L |___nextrecord___|__|

The first and last element in every stored recasrdhe length of the core data record in bytes ést@s a 4 byte
integer). The second element in every record & layte code with all four bytes equal to FFFF hekhis in
conjunction with the bracketing record length fieltbws processing of a damaged cache. Softwareskig through
the file without reading entire records. Recombkh values are used to adjust the file positianteo directly, without
the overhead of reading the record’s data content.

The first 2 byte element in every core data ret¢elld which type of data record has been storearredtly records can
be either in an ASCII metadata format or binaryrds holding rectangular tables of numeric date (sgow).

Cac file Navigate records (record type = 4)

used for direct file access
binary record pointer and record size

Cac file Survey Metadata records (record type = 514)

Survey configuration data stored as ASCIl text he tform of comma-separated-value sub-records with a
keyword,valuel,value2,...,valueN format. Sub-record endpoints are delineated mamiage-return
character \ ). Parameters are organized into groups, with rdis$inguished by a "GroupName." keyword prefix.
Keywords are case insensitive and may includedtiersa to z , numbersD to 9 and the underscore character.
Keywords must be spelled exactly, no matching isedon substrings or aliases. Keyword records naag multiple
comma- or colon-separated values.

Programs should skip sub-records with novel or omkm keywords, allowing future extension without ddtimg
existing software.

HEADER.TYPE = enumeration,Survey
DATA.VERSION = cac file format version number, string
DATA.BLOCK = data block number, integer
DATA.SKIP = skip flag, O=use data, 1= skip data

DATA.STACKCTDN =count down of Tx cycles, is > 1 if GDP operatoegses stop average, integer
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(cac file Survey Metadata records, continued)

GDP.DATE = string, data acquisition date (mm/dd/yyyy)

GDP.TIME = string, data acquisition time of day (hh:mm:ss.sss)

SURVEY.TYPE = enumerationCR

SURVEY.ACQMETHOD=numeration, {imeSeries,Stack,Frequency }

TimeSeries = full time series data saved

Stack = represents a stacked and rectified half-waveforth WWaveform/2 floats
Frequency =  frequency domain (real,imag) data extracted frorftiah, usually 1,3,5,7"®harmonics

SURVEY.ARRAY = enumeration, array type, CR-D,P-D,P-P,Grd,Sch,D-H,Lab}

JOB.NAME = string, project name

JOB.FOR = string, client name

JOB.BY = string, contractor name

LINE.NAME = string, line label

LINE.NUMBER = float, line number, ideally an across-line coordiéna

LINE.DIRECTION = enumeration, j,NE,E,SE,S,SW,W,NW,DH }

LINE.SPREAD = string, spread label, not always interpretable asraber

GDP.OPERATOR = string, GDP-32 operator's name or initials

GDP.TYPE = string, GDP model

GDP.PROGVER =string, GDP acquisition program version

GDP.SIGSOURCE = enumeration, signal source {Field,ISys,ESys}

GDP.CALVOLTS =f loat, calibration signal level (volts)

GDP.SYNC = enumeration, synchronization method {GPS,Manualpbkyonous,non-Zero Tx }

GDP.GAINMETHOD =enumeration, gain method {Done,Auto,Manual,SpOMgmory,MemSpOnly }

GDP.GAINMODE = enumeration, gain EM noise tolerance mode {NoisjeQu

GDP.FPSN = string, GDP front panel serial number

GDP.SN = string, GDP serial number

GDP.TCARDSN = string, timing card serial number

GDP.NUMCARC =integer, number of GDP A/D cards

GDP.ADCARDSN =string list, a/d card hexidecimal serial numbersalbcards (active and inactive)

GDP.ADCARDSND  =integer list, a/d card decimal serial numbers focards
GDP.ADCARDVER  =string list, a/d card version

GDP.ADCARDFEAT =string list, a/d card features

GDP.BAT = float, GDP-32 battery voltage (volts)

GDP.TEMP = float, GDP-32 temperature (deg C)
GDP.HUMID = float, GDP-32 relative humidity (%)

GPS.LAT = double, GPS latitude (deg N)

GPS.LON = double, GPS longitude (deg E)

GPS.ALT = float, GPS altitude (m)

GPS.PDOP = float, position dilution of precision (<5 good,&inoderate, <20 fair)
GPS.NUMSAT = integer, # gps satellites

GPS.TCDAC = float, GPS Digital-Analog-Converter setting
GPS.STATUS = integer, GPS status flag

GPS.SN = integer, GPS serial number

GPS.FW = integer, GPS firmware version

GPS.SW = integer, GPS software version
GRID.XYZOFFSET = float list, GDP grid coordinate offset (length )it
GRID.REF1 = float list, GDP grid reference point 1 (length shit
GRID.REF2 = float list, GDP grid reference point 2 (length shit
GRID.CALC = float list, GDP grid calculated point (length upits
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(cac file Survey Metadata records, continued)
TX.STN = float, Tx dipole ID

TX.XYZ1 = floats, Tx electrode 1 along-line x: across-lin@lgpth z (Rx.SSpace units)
TX.XYZ2 = floats, Tx electrode 2 along-line x: across-linelgpth z (Rx.SSpace units)
TX.SN = string, Tx serial number

TX.FREQ = float, Tx repetition rate (hertz)

TX.DUTY = float, Tx waveform duty cycle, usually 0.5 or 1 i@nt on/off ratio)
TX.AMP = float, Tx peak current in time domain

TX.SHUNT = float, current monitoring shunt resistance (ohms)

TX.DELAY = float, transmitter turn-off ramp duratiopgec)

RX.STN = float, Rx location

RX.AZIMUTH = float, Rx x-component azimuh (deg east of north)

RX.ASPACE = float, unit dipole length (length.units)

RX.SSPACE = float, unit dipole length (RXx.XYZ units)

RX.LENGTH = floats, dipole lengths for each channel (lengthg)ni

Rx.RXLOC = float, Rx along-line reference point for electrotleffsets

Rx.RYLOC = float, Rx across-line reference point for electréde

RX.ADDELAY = float, time offset from beginning of time-seriesT® current cut-off |{sec)

RX.ALIASDELAY float, anti-alias filter delayusec)

Rx.XYZ1 = float list, Rx electrode 1 along-line x: acrosseliyt depth z (Rx.SSpace units)
Rx.XYZ2 = float list, Rx electrode 2 along-line x: acrosseliyt depth z (Rx.SSpace units)
UNIT.LENGTH = enumeration, fn,ft } used to specify dipole lengths

LAB.ID = string, lab rock sample ID

LAB.AREA = float, lab rock sample end surface area®jcm

LAB.LENGTH = float, lab rock sample length (cm)

TS.ADFREQ = float, a/d sampling frequency (hertz)

TS.NCYCLE = number cycles/waveform

TS.NWAVEFORM =integer, number samples/waveform = TS.ADFreq/(T8H2e*Tx.Freq)
TS.NPNT = integer, # time-series points = TS.NWaveform*TSyIé

TS.DECFAC = integer, decimation factor

CH.NUMON = integer, # channels turned on

CH.ADCARDSM =string list, a/d card hexidecimal serial numbersafctive cards

CH.GDPSLOT = integer list, GDP slots of active a/d cards

CH.FACTOR = float list, volts per a/d counts excluding gainattenuator settings (volts/ad_count)
CH.GAINFACTOR = float list, channel gain (V/V ratio)

CH.PREAMP = float list, pre-amplifier gain as a scaling muligyl

CH.GAIN = string list, gg-a format with g =>%jain factor and a => 2attenuator
CH.NUMBER = float list, component-specific meaning

E-field chn, lower-numbered along-line electroderdinate
H-field chn, antenna number used to index AntCaleta

CH.NOTCH = enumeration list, notch filter setting
{NONE,60-359,60-3,60-59,50-359,50-3,50-59,50-60 }

CH.HIGHPASS = enumeration list, high-pass filter cut-off frequgd®NONE,0.0106,0.319,192 }

CH.LOWPASS = enumeration list, anti-aliasing filter cut-off freency {NONE,6,283,14000 }

CH.CRES = float list, contact resistance of each channel @hm

CH.CMP = enumeration list, chn component lab€lf{, Ex,Ey,Ez,Hx,Hy,Hz,Ref }

CH.STATUS = packed byte list, information about channel status

CH.SP = float list, self-potential offset (mV)
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GDP-32 ASCII CR Data File (*.raw)

GDP-32 CR data are saved in ASCII files with adisferm block style. Blank lines separate blockd #mere are two
block types, header and data.

GDP-32 CR Header Block Samples

5713

CR 0837 2008-03-12 11:02:31 12.4v D-D 22.6% 33.3 DegC
OPER MarkTXID 1A-SP 200 M

JOB 0813 LINE IP0O4 N SPREAD 1 MAV Enabled

1 DiffAmp Notch 60,3-5,9 S/N 466 Passed 1.00000

1789

CR 0826 2009-01-03 0:54:40 12.4v Grd 19.2% 26.1 DegC

OPER MMG TXID 1A-SP 200 M

JOB 0820 Ay 50339 E SPREAD 1 Ax 403160 Bx 411185 MAV Enabled
1 DiffAmp Notch 50,3-5,9 S/N 549 Passed 1.00000

GDP-32 CR Header block structure

-- FIELD_NAME ------- UNITS -- RANGE --- TYPE ----- - WIDTH -- END --

Line 1
Block Number # 0-9999 Integer 4 4

Line 2
Survey Type - ex:"CR " Character 4 4
Version Number # 0-9999 Integer 4 8
Skip Flag - X or space Character 1 9
Date date yyyy-mm-dd Date 10 19
Time time hh:mm:ss Time 8 28
Battery Voltage v 0-99.9 Scaled 5 34
Array Type - ex:"INL" Character 3 38
Relative Humidity % 0-—100 Float 7 45
Temperature deg C -90 - 200 Float 6 51

Line 3
Operator - ex:"JOHN" Character 9 14
Tx ID - ex:"ONE" Character 5 26
A-Spacing m/ft positive Scaled 6 38
Length Unit - MorFT Character 2 41
AXx (Grd or Sch Arrays) # inm or ft Scaled 8 48
Bx (Grd or Sch Arrays) # inm or ft Scaled 8 60
MAV telluric filter Enabled or Disabled

Line 4
Job Number # ex:"GOLD" Character 5 9
Line # ex:"1+00" Character 8 23
Line Direction - ex"N" Character 2 25
Spread # ex:"A" Character 2 36

Line 5+ hardware inventory information, one line fo r each channel.
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GDP-32 CR Data Block Sample

5715

CR 0837 2008-03-12 11:24:04 12.2v D-D 22.6% 35.0

Tx 2700 Rx 1500 N 60, 5

125 Hz
Ex
EXx
Ex
EXx
EXx
EXx

OURWNRTOOAWNEPR

O~NO O~ W

16 Cyc Tx Curr 5.8

4.7325m -13.3 36.24 0060 2.19
4.0778m -10.4 62.45 0060 4.07
2.1836m -9.0 58.52 0260 6.72
1.3414m -12.3 57.52 0360 9.09
925.28u -14.0 59.52 0360 9.76
898.44u -16.2 82.56 0360 11.34

armonics 1 3 5

4.7325m -16.6 4.6972m -26.5 4.6810m -41
4.0778m -4.6 4.0404m 8.5 4.0270m 23
2.1836m -19.7 2.1641m -36.5 2.1454m -47
1.3414m -22.2 1.3283m -40.6 1.3224m -56
925.28u -23.7 913.52u -40.9 907.61u -55
898.44u -26.9 887.21u -40.9 866.87u -45

GDP-32 CR data block structure

- FIELD_NAME ------- UNITS -- RANGE --- TYPE -----

Line 1

Block Number

Line 2

# 0-9999 Integer

Survey Type - ex:"CR " Character

Version Number

# 0-9999 Integer

Skip Flag - x or space Character
Date date yyyy-mm-dd Date
Time time hh:mm:ss Time

Battery Voltage volts 0-13.0 Float
Array Type - ex:"D-D" Character
Relative Humidity % 0-100 Float

Temperature deg C -90 - 200 Float
Line 3

Tx value # +0-9999999 Scaled

Rx value # +0-9999999 Scaled

Notch Filter - ex:"60, 5" Character
Line 4

Frequency Hz ex:0.125 Scaled

# Cycles/Stack # 1-16384 Integer

Tx Current amps 0-99999 Scaled

DegC

12.22 1.26K
6.59 1.65K
17.99 1.56K
10.71 1.50K
1.92 1.97K
-5.08 1.66K

7 9

.0 4.6529m -47.8 4.6346m
.6 4.0024m 38.1 3.9899m
5 2.1421m -68.0 2.1249m
9 1.3132m -73.0 1.3002m
.6 893.09u -85.1 879.39u
.3 883.42u -82.5 881.35u

- WIDTH -- END --

8§ 11
8 23
5 31

14
32

[ F N
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GDP-32 CR data block structure (continued)
-- FIELD_NAME ------- UNITS -- RANGE --- TYPE ----- - WIDTH -- END --

Line 5: repeated for each channel measured.

Channel Number # 1-16 Integer 1 2
Skip Flag - sp,x,-,b Character 1 3
Channel Type - ex:"Ex" Character 3 6
N-Spacing # +0-99999 Scaled 6 12
1 s Harmonic Magnitude v Scaled w/exp 8 21
3-point phase mrad Scaled 7 29
Apparent Resistivity Qm Scaledw/exp 7 37
Gains/Attenuator ###A ex:"0060" Character 4 42
Phase SEM mrad Scaled w/e xp 6 49
Self Potential mv Scaled 7 57
Contact Resistance Q Scaledw/exp 6 64

CR harmonic data lines
Channel Number # 1-8 Integer 2 2
Magnitude 1 v Scaled w/e xp 8 10
Phase 1 mr +6283.2 Float 7 18
Magnitude 3 v Scaled w/e xp 8 27
Phase 3 mr +6283.2 Float 7 35
Magnitude 5 v Scaled w/e Xp 8 44
Phase 5 mr +6283.2 Float 7 52
Magnitude 7 v Scaled w/e xp 8 61
Phase 7 mr +6283.2 Float 7 69
Magnitude 9 v Scaled w/e Xxp 8 78
Phase 9 mr +6283.2 Float 7 86

NOTE: Extremely large values will shift data in tt@umns that follow.

A data block may be skipped by putting”ah just to the right of the GDP program name, i.ande:

CR 0837 2008-03-12 11:24:04 12.2v D-D 22.6% 35.0 DegC
to

CR x0837 2008-03-12 11:24:04 12.2v D-D 22.6% 35.0 DegC

Individual channels may be skipped by putting>dh right after the channel number, i.e. change

2 4.0778m -4.6 4.0404m 8.5 4.0270m 23 .6 4.0024m 38.1 3.9899m
to

2 x4.0778m -4.6 4.0404m 8.5 4.0270m 23 .6 4.0024m 38.1 3.9899m

The polarity of individual channels can be flipgedputting &-"  after the channel number, i.e. change

2 4.0778m -4.6 4.0404m 8.5 4.0270m 23 .6 4.0024m 38.1 3.9899m
to

2 -4.0778m -4.6 4.0404m 8.5 4.0270m 23 .6 4.0024m 38.1 3.9899m
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Raw file survey configuration keywords

Starting with v1.12acravgw will read a limited set of IP survey configuratideywords from raw files, so that
conventional IP array conventions can be extendedléw more general configurations. Raw file keyd/records are
similar to $keyword=values format used in mde, adt avg files. A leading $ flags the text as ankay record. The
keyword is separated from its values by the = dattara Multiple values are separated by commasy) ¢ (X,y,z)
coordinate tuples use a hierarchy of separatoth, ®@mmas separating tuples and colons separatitigdual values
within each tuple, i.e. multiple (x,y) tuples lotke 0:0, 100:0, 200:0, ... and multiple (x,y,z) tapllook like 0:0:0,
100:0:0, 200:0:0. By default, raw file keyword izdnles are set to values consistent with stand&@& Gonventions.
The standard conventions can be modified by imsgp@#keywords records into the raw file just befthre data blocks
that are to be affected.

Variable Rx dipole lengths

The first extension to conventional surveys isltova multiple receiver dipole lengths in a singkigp. Cravgw uses

A-SP, Tx, Rx and the lowest numbered n-spacingatoutate how station numbers scale to a unit dipefgth in

meters or feet. For dipole-dipole, the transmittigole is one A-SP long. The header block A-SRe&/@n meters or
feet is used as a unit dipole length to calculaith iransmitter electrode station numbers and éeeit numbered
receiver electrode stations in combination withnikepacing values specified for each GDP chan¥atiable receiver
dipole lengths specified by:

$Ch.Length=lengthl, length2, ..., lengthN

can be used to relocate the higher number recelgetrodes. Lengthl, ..., lengthN must be in theeskangth units as
the A-SP value in the preceding raw file headecklo

Longer receiver dipole lengths can be used to asgesignal strength at large n-spacings.

Roll-along logistics, get more signal at large n-spacing with longer dipole lengths

A-SP =100 m
$Ch.Length=100,100,100,100,200,200
100 m D-D Tx Chn 1to 4, 100 m length Channel 5 and 6, 200 m length
0 100 200 300 400 500 600 800 1000
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For a specific $Ch.Length example with raw filetteonsider the following configuration:

A-SP =800 m
$Ch.Length=400,400,800

D-D Tx 800 m long = 1*a Channel 3, 800 m length
Chn 1,400 m Chn 2,400 m

e =1 * 800 M —J

0 800 1600 2000 2400

Example$Ch.Length=400,400,800 raw file text
0009

CR 0843 2009-09-10 15:31:15 12.4v D-H 26.0% 41.7 DegC
OPER Mark R TX ID 2049 A-SP 800 M

JOB 998LINE 1N SPREAD 1 MAV Enabled

1 DiffAmp Notch 60,3-5,9 S/N 212 Passed 1.00000

2 DiffAmp Notch 60,3-5,9 S/N 167 Passed 1.00000

3 DiffAmp Notch 60,3-5,9 S/N 164 Passed 1.00000

4 DiffAmp Notch 60,3-5,9 S/N 248 Passed 1.00000

5 DiffAmp Notch 60,3-5,9 S/N 359 Passed 1.00000

6 DiffAmp Notch 60,3-5,9 S/N 466 Passed 1.00000

Front Panel SIN 12, Cal S/IN 38, Temp 41.7, Hum idity 26.0, EPROM 030901BLD321
$Ch.Length=400,400,800

0010

CR 0843 2009-09-10 15:44:42 12.3v D-H 26.7% 41.7 DegC

Tx ORx 1600 N 60, 5
.125Hz 16 Cyc Tx Curr 10

1 Ex 1 5.4366m 0.1 0350 0.30 11.95 50.3K

2 Ex 1.5 6.2987m -0.6 0540 0.26 9.75 50.4K

3 Ex 1 6.8841m -2.3 0630 0.30 -6.59 50.8K

Harmonics 1 3 5 7 9

1 5.4366m 78.4 5.5818m 227.0 5.8439m 364 .8 6.2299m 486.8 6.7041m 592.7
2 6.2987m 31.3 6.3343m 94.0 6.3983m 155 .4 6.5045m 215.1 6.6316m 273.0
3 6.8841m 17.3 6.9025m 54.9 6.9312m 90 .6 6.9908m 126.3 7.0586m 161.3

$Ch.Length=400,400,800 is inserted just after a header block specifyingdaSP = 800 meters and just before a
D-D data block with three active channels, chanfhedsd 2 each 400 m long and channel 3 spanningrB00ravgw
depends upon the blank line separators betweenraacfile header and data block to mark the begigrind end of
each block, so a blank line is left just ab&&h.Length=400,400,800.
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Lateral offset between Tx and Rx dipoles

A second extension to conventional surveys is teepthe transmitter sideways from the receives,limost commonly
for Australian style pole-dipole where a long arafyreceiver dipoles is set up, and then the trasinpole run is
down the line with positions centered on each rexadipole in turn.

Line 2 Receiver Array, 100 m dipoles

C S O N S J J J

q
g
O]

Line of Pole-Dipole Tx Electrodes
X X X X X X X X X X

100 m across-line offset between Tx and Rx electrodes

G S = = S S = S S S ©

Line 1 Receiver Array, 100 m dipoles

Across-line coordinates for line 1 receiver eledé® and the transmitter pole electrodes could beifsgd by inserting:

$Tx.Y1=100

$Tx.Y2=100

$Ch.Y1=0,0,0,0,0,0,0,0,0,0

$Ch.Y2=0,0,0,0,0,0,0,0,0,0

into the raw file after the line 1 header block(¥)ou can specify that GDP channel numbers bepneted as receiver
stations rather than n-spacings to avoid havingh@nge the pole-dipole n-spacing every time thestratter pole

moved. (Apart from the fact that the n-spacingesysbreaks down anyway when the transmitter potergered in a
receiver dipole.) For receiver line 2, the acriiss-coordinate would be 200 meters, so the rasv$keyword records
would look like:

$Tx.Y1=100

$Tx.Y2=100

$Ch.Y1=200, 200, 200, 200, 200, 200, 200, 200, 200,

$Ch.Y2=200, 200, 200, 200, 200, 200, 200, 200, 200,

Specifying explicit Tx or Rx electrode (x,y) or (X,  V,z)

To extend CR raw files to general surface arrayfiganations, the keywords $Tx.XYZ1, $Tx.XYZ2, $ChrX1 and
$Ch.XYZ2 can be used to explicitly specify eleceadong-line and across-line coordinates. An edxarfgr a four-
channel receiver array in something similar toadgent array might look like:

$Tx.XYZ1=10200:500

$Tx.XYZ2=20200:500

$Ch.XYZ1=10300:100, 10400:100, 10500:100, 10600:100

$Ch.XYZ2=10400:100, 10500:100, 10600:100, 10700:100

Note that the colon character is used to separatelxy coordinates for each receiver channel, wddlamas are used
to separate x:y coordinate pairs for each chamntirn.

The $Tx.XYZ2 keyword record is very helpful for gifging the actual location of one or more poleal@transmitter
remote electrodes in (along-line,across-line,[dpatbordinates.

When using the drill hole array, D-H, a Z coordmegpresenting electrode depth can be included:
$Ch.XYZ1=10300:100:000, 10400:100:100, 10500:100;20600:100:300
$Ch.XYZ2=10400:100:100, 10500:100:200, 10600:100;30700:100:400

Using the D-H array is the only way to get the ptiiecoordinates included amavgw zdb and avg files.
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GDP-32 FLD Files: .raw reformatted by program SHRED  or SHREDCNSL

The legacy programs Shred or ShredCnsl flattenkbboiented GDP raw files into a tabular spreadsifi@ebat with
space-separated column-oriented values.

HEADER Record Structure

-- FIELD_NAME ------- UNITS -- RANGE --- TYPE ----- - WIDTH -- END --
Record Type - H,D Character 1 1
Skip/Average Flag # 0,1 Integer 1 3
Block Number # 0-9999 Integer 4 8
Header Label # 0-999 Integer 3 12
Sequence Number # 0-9 Integer 1 14
Survey Type, Version - Character 8 23
Date date dd mmm yy Date 8 32
Time time hh:mm:ss Time 8 41
Voltage v 0-99.9 Scaled 4 46
Array Type - ex:"D-D" Character 3 50
Operator - ex:"JOHN" Character 9 60
Tx Identification - ex:"ONE" Character 4 65
A-Spacing m positive Scaled 6 72
Job Number - ex:"GOLD" Character 5 78
Line Number - ex:"1+00" Character 8 87
Line Direction - ex:"NE" Character 2 90
Spread - ex:"A" Character 2 93
Tx Shunt (CR or RPIP) Q positive Scaledw/exp 9 103

For Grd (gradient) or Sch (Schlumberger) arrays:

Ax (Sch or Grd) m £0-9999999 Scaled 8 112
Bx (Sch or Grd) m +0-9999999 Scaled 8 121

cravgw v1.15 Documentation 36



CR Data Record Structure

-- FIELD_NAME ------- UNITS -- RANGE --- TYPE ----- - WIDTH -- END --
Record Type - H,D Character 1 1
Skip/Average Flag # 0,1 Integer 1 3
Block Number # 0-9999 Integer 4 8
Header Label # 0-999 Integer 3 12
Sequence Number # 0-9 Integer 1 14
Date date dd mmm yy Character 8 23
Time time hh:mm:ss Character 8 32
Voltage v 0-99.9 Scaled 4 37
Frequency Hz ex:" 8" Scaled 5 43
Cycles # 1-16384 Integer 5 49
Tx Current amps 0-99999 Scaled w/exp 8 58
Tx # +0-9999999 Integer 8 67
Rx Calculated # pos or neg Scaled w/exp 11 79

Secondary structure
Channel Type - ex:"Ex" Character 3 83
Polarity Flip Flag # 0-1 Integer 1 85
N-Spacing # +0-9999999 Scaled 8 94
Magnitude v Scaled w/exp 10 105
3-Point DC Phase mr +6283.2 Scaled w/exp 10 116
Resistivity Qm Scaled w/exp 10 127
Gains/Attenuator ###A ex:"0260" Character 4 132
SEM mr Scaled 7 140
Self Potential mv Scaled 7 151
Contact Resistance Q Scaledw/exp 9 161
External Amp Gain  # 1-999999 Integer 6 167

Harmonic data structure
Magnitude 1 v Scaled w/exp 10 178
Phase 1 mr  +6283.2 Float 7 186
Magnitude 3 % Scaled w/exp 10 197
Phase 3 mr  +6283.2 Float 7 205
Magnitude 5 % Scaled w/exp 10 216
Phase 5 mr +6283.2 Float 7 224
Magnitude 7 v Scaled w/exp 10 235
Phase 7 mr +6283.2 Float 7 243
Magnitude 9 % Scaled w/exp 10 254
Phase 9 mr +6283.2 Float 7 262

Reference channel magnitude (only when Referenaeret in use)

Reference Magnitude v Scaled w/exp 10 273

Laboratory Rock value structure (Array Type: LAB)

Tx Shunt Resistance Q Scaled w/exp 9 283
Rock Sample Length cm Scaled w/exp 9 293
Rock Sample Area cm 2 Scaled w/exp 9 303
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CRAVGW zdb and avg files: CR data

zdb and avg files have the same format, tadb files are used to store data with unaveraged tepw#ile the file
name extensioavg implies that repeat measurements have been aderade files keep track of the detailed skip-
flag pattern set during interactive QC of unavedagata. Cravgw can re-read data frordb files to revisit QC
decisions without starting over from the beginning.

avg files may have comment lines preceded by a leadlirig“/ ", “! " or “" "
are normally grouped at the top of the file.

anywhere within the file, although they

Keyword records with a leading” character are also present and play a largeinolecording information that does
not fit into a tabular spreadsheet format. Keywogdords have &program:group.variable=value(s)

format. The program name is optional, but if predke keyword record is ignored if the program edsnotcravgw.
Version 2 keywords generally havegeoup.variable structure with the group name unifying keywordshwat
common theme. An equalssign separates the keyword from one or more corseparated values. String values
which may include commas as part of the valueeadof as a field separator, should be enclosgdates. To allow
future file-format extension, programs should skipecognized keywords without generating an error.

Records with a leading letter are interpreted tot@io column labels. At least one line holdinguroh labels must
precede numerical data. Column label matchingage dnsensitive, but does not allow substring niagch Column
order is not fixed and all possible columns mayl®present in a particular file. If an essert@lumn is missing, the
program will show a warning message and abort input

Numeric data records begin with a leading numiéumerical values are free format with columns safeat by either
spaces or commas, although comma separated valeigeederred. Missing numeric values are flagggdab™”
symbol or empty space bracketed by commas.

Cravgw *.avg-file keywords:

Survey annotation

Job.Name = project name (128 character string)

Job.Area = project area (128 character string)

Job.For = customer company name (128 character string)

Job.By = contractor company name (128 character string)
Job.Number = job label or number (16 character string)

Job.Date = data acquisition date (16 character string)

Survey configuration

Survey.Array = array type (for IPD-D, P-D, P-P, Grd, Sch, D-H, Lab )
Line.Name = line label (16 character string) (alias = JobLine)

Line.Number = line number across-line coordinate (float)

Line.Azimuth = line azimuth in direction of increasing stn # (fodeg E of N) (alias = BrgLine)
Stn.GdpBeg = first GDP station number (float) (alias = StnBeg)
Stn.Gdplinc = GDP station number increment  (non-zero floatp& StnDelt)
Stn.GdpUnitScale = gdp stn number scale (m/GdpStn#)

Stn.Beg = possibly rescaled first station number (float)gslE LblFrst)
Stn.Inc = possibly rescaled station number increment (fl¢ais = LbIDelt)
Stn.UnitScale = client station number scale (m/Stn#)

Stn.Left = rescaled station number on left edge of pseudaseptot (float) (alias=LblFrst)
Stn.Right = rescaled station number on right edge of pseudosegiot (float)
Rx.Area = Rx magnetic field antenna effective area or rockda area (m"2)
Rx.Length = Rx dipole length (m)

Rx.HPR = Rx x-component heading & pitch, z component rofigictes)
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Units

Unit.Length = length units (m,ft) (alias = Units)

Unit.Time =  time units (usec,msec,sec)

Unit.V = voltage units (nV/IA,UV/IA,mV/AVIANV,uvV,mV,V)
Unit.IP = IP units (msec,mrad,PFE)

CRAVGW processing control parameters

CRAVGW:Process.TS = yes = process cac file time series
CRAVGW:Process.STACK = yes = process cac file stacks
CRAVGW:Process.DECAY = yes = process cac file decays
CRAVGW:Process.BINNED = yes = process binned data

CRAVGW:Stack.Type = stack type, {Straight, Taper, Robust}

CRAVGW:Stack.Taper = stack taper {0 to 6}

CRAVGW:Stack.Trim = stack trim (alpha trimmed mean %)

CRAVGW:Avg.Type = averaging method {Straight,Robust)

CRAVGW:3Pnt.Type = 3-point extrapolation data {Real & Imag, Mag & Pbahs
CRAVGW:3Pnt.Coef = 3-point coefficients {Quadratic,Coggon 1.5,Coggob,2ustom Freq}
CRAVGW:3Pnt.Freq = 3-point frequencies (hertz)

CRAVGW:3Pnt.Wgt = 3-point data weights

CRAVGW:TxFreq.Min = minimum Tx frequency to use (hertz)

CRAVGW:TxFreq.Max
CRAVGW:MHAFreq
CRAVGW:Ch.NumberType

maximum Tx frequency to use (hertz)
maximum harmonic frequency, enumeration index {2=8,3=5,4=7,5=9}
channel number useage (stn #,stn # offset, n-spacinffset, antenna #)

CRAVGW *.avg-file columns:

Tx.GdpStn = Tx GDP station number, used as Tx ID for D-H atkay to TWC file
Rx.GdpStn = Rx GDP station number

Tx.X1 = Tx electrode 1 along-line coordinate (in-line arsay #, D-H array easting)
TX.X2 = Tx electrode 2 along-line coordinate (in-line arsay #, D-H array easting)
Rx.X1 = Rx electrode 1 along-line coordinate (in-line arsaty #, D-H array easting)
Rx.X2 = Rx electrode 2 along-line coordinate (in-line arséty #, D-H array easting)
Tx.Y1 = Tx electrode 1 across-line coordinate (in-line watiae #, D-H array northing)
TX.Y2 = Tx electrode 2 across-line coordinate (in-line ytiae #, D-H array northing)
Rx.Y1 = Rx electrode 1 across-line coordinate (in-lineatige #, D-H array northing)
Rx.Y2 = Rx electrode 2 across-line coordinate (in-line wtige #, D-H array northing)
Tx.Z1 = Txelectrode 1 depth, down-hole array only (D-Hagrdepth)

Tx.Z2 = Txelectrode 2 depth, down-hole array only (D-Hagrdepth

Rx.Z1 = Rx electrode 1 depth, down-hole array only (D-Hagmepth)

Rx.Z2 = Rxelectrode 2 depth, down-hole array only (D-Hagmepth)

PIt.X = Pseudosection along-line plot point (stn #)

Plt.Z = Pseudosection plot point depth (stn #)

Plt.Nsp = n-spacing (when applicable)

TX.Amp = transmitter current (frequency-domain amps)

Tx.Phz = transmitter phase (mrad)

Tx.NCycle = number of cycles per stack

Tx.Freq =  transmitter repetition rate (hertz)

Rx.Freq =  receiver harmonic frequency (hertz)

Rx.Cmp = EM component (should be Ex or Ey for CR)

Rx.CntRes = Rxdipole contact resistance (ohms)
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CRAVGW *.avg-file columns (continued):

ARes.mag = apparent resistivity magnitude (ohm-m)
ARes.%err = apparent resistivity error (%)

ARes.wgt = apparent resistivity weight (O=skip, otherwise use)
IP.mag =IP phase magnitude (mrad)

IP.err =IP phase error (mrad)

IP.wgt =P phase weight (O=skip, otherwise use)
MF.mag = metal factor (urad/ohm-m)

SP.mag = self-potential (mV)

SP.err = self-potential error (mV)

mVA.real = in-phase resistance (mV/A)

mVA.imag = out-of-phase resistance (mV/A)

mVA.rerr = in-phase resistance error (mV/A)

mVA.ierr =  out-of-phase resistance error (mV/A)

Gdp.Blk = GDP-32 data block number

Gdp.Chn = GDP-32 analog channel number

Gdp.Date = Data acquisition date

Gdp.Time = Data acquisition time of day

Gdp.Gain = GDP gain stages as log2 values and the attenoatar in

When geographic coordinates are read from a stélencravgw adds the following columns:
Plt.East = Plot point easting (length units)

Plt.North = Plot point northing (length units)

Plt.Elev = Plot point elevation (length units)

Tx.Eastl = transmitter electrode 1 easting (length units)
Tx.Northl = transmitter electrode 1 northing (length units)
Tx.Elevl = transmitter electrode 1 elevation (length units)
Tx.East2 = transmitter electrode 2 easting (length units)
Tx.North2 = transmitter electrode 2 northing (length units)
Tx.Elev2 = transmitter electrode 2 elevation (length units)
Rx.Eastl = receiver electrode 1 easting (length units)
Rx.Northl = receiver electrode 1 northing (length units)
Rx.Elevl = receiver electrode 1 elevation (length units)
Rx.East2 = receiver electrode 2 easting (length units)
Rx.North2 = receiver electrode 2 northing (length units)
Rx.Elev2 = receiver electrode 2 elevation (length units)

D-H (down-hole) array

=> adds column3x.Z1, Tx.Z2, Rx.Z1 andRx.Z2 to keep track of electrode depths.

Cravgw processing of down-hole array maps (station,ling)es to (east,north,depth) coordinates via irtietpon
from twc and stn file tables, generating (x,y,z=tti¢goordinates in length units.

Lab (Lab Rock) array
=> drops electrode coordinates and adds columns
Tx.GdpStn, Rx.GdpStn, Tx.Name, Rx.Name, Rx.Length, Rx.Area

LabRock processing us@x.GdpStn  andRx.GdpStn  as sample number identifiers rather than stationbrars.
Cravgw includes columns for text variabldx.Name andRx.Name in zdb and avg files so that rock samples can
also be identified by arbitrary text label$x.Name andRx.Name columns should be to the right 8k.GdpStn

and Rx.GdpStn  so that numeric data records do not start withaditey alphabet character or quote mark, which
would flag the record as a column label or comnfiaetrather than numeric data.

cravgw v1.15 Documentation 40



Geosoft IP *.dat format: CR Data

Geosoft IP *.dat files are a generic format fordéta. Dat files are ASCII text that can be viewméth generic text
editor. Record types depend upon position. Tist line or record in the file is a title line whienay hold descriptive
text. The second record holds a set of space-agghkeyword:value(s) fields describing the surgegfiguration.
The third record must hold column labels to idgntiimeric data parameters. Subsequent recordgpaoe-separated
numeric data in a tabular format. Missing or mdta are indicated by a * character. Blank linesignored. The IP
*.dat format is close enough to a spreadsheet foronmake it a useful generic format.

For dipole-dipole, pole-dipole and pole-pole arresa/gw uses station numbers for along-line coordinateistwimay
be in arbitrary units. Oasis montaj adds the etghien that station numbers are be the same aghlemgts. Cravgw
can rescale the GDP station numbers used durirgy atjuisition from arbitray units to length unitsnecessary.
Zonge GDP-32 gradient data acquisition requires station numbers be equivalent to length unitsniror ft. The
cravgw processing of down-hole array maps (station,linp)es to (east,north,depth) coordinates via irtietjfpn from
twc and stn file tables, generating (X,y,z) cooatis in length units. LabRock data use stationbmrmas sample
identifiers. Tx.Name and Rx.Name string fields added tocravgw LabRock data output files to allow sample
identifiers with arbitrary text.

The Oasis montaj IP module dat import currentlyngJ2008) fails when the IP survey configuratiorextended to
include lines that are not oriented N-S or E-Wfarcravgw Schlumberger, down-hole or LabRock data. However,
the data can still be imported into Oasis montajgigeneric text file input.

Partial listing of a cr avgw IP dat file

CRAVGW v1.12s, CR data processed on 2011/07/12

LINE:75100N ARRAY:DPDP DIPOLE:200 UNITS:m F=0.125,0 .375,0.625,0.875,1.125

TIX T2X R1IX R2X T1Y T2Y R1Y R2Y PItX PltY Z N Line Vp | TxFreq Sp MF ARerr QC QC_Res ARes
53000 53200 53800 54000 75100 75100 75100 75100 535 00 75100 -400 3 75100N 15.026 1.655 0.125 ...
53200 53400 53800 54000 75100 75100 75100 75100 536 00 75100 -300 2 75100N 79.615 3.438 0.125 ...
53000 53200 54000 54200 75100 75100 75100 75100 536 00 75100 -500 4 75100N 6.3952 1.655 0.125 ...

The first dat file record is a title line holdingstriptive text and is ignored by Oasis montaj.

The second keyword record holds a series of spaparated keyword:value fields. The first keywoltbd be
Line . Oasis montaj expects that the line keyword valilliebe a numeric value and bearing letter {N,E&V$, It uses
the bearing letter to decide whether the along-timerdinate should be labeled X or Y. Oasis molftajat file import
fails for oblique lines with labels like 1400NE.eGsoft IP dat files can hold data for multiple 8nwith the data block
for each additional line after the first flaggeddieyword record.

Cravgw dat file survey configuration keywords:
LINE = line name string, the Oasis montaj IP dat impestricts the line name format, see above paragraph
ARRAY = array type, Oasis montaj restricts array to DPBIFEDP or PLPL
Cravgw may also write data for Grad, Sch, D-H or Labysra
DIPOLE = dipole length (length)
UNITS = length units {m or ft}
F = Apparent resistivity and IP phase frequenciesomsma-separated-values with no spaces (hertz)
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Cravgw dat file data columns:

T1X = transmitter electrode 1 along-line coordinata &
T2X = transmitter electrode 1 across-line coordinstie #)
R1X = receiver electrode 1 along-line coordinate £8tn
R2X = receiver electrode 2 along-line coordinate £8tn
T1Y = transmitter electrode 1 across -line coordiriite #)
T2Y = transmitter electrode 2 across-line coordinkite §)
R1Y = receiver electrode 1 across -line coordinate (#)
R2Y = receiver electrode 2 across -line coordinate (#)
T1zZ = transmitter electrode 1 depth, down-hole arsay #)
T2Z = transmitter electrode 2 depth, down-hole arsty #)
R1zZ = receiver electrode 1 depth, down-hole array#$tn
R2z = receiver electrode 2 depth, down-hole array#$tn
PItX = plot point station number

PItY = plot point line coordinate

z = pseudosection plot point depth

N = n-spacing

Line = line name

Vp = peak voltage (mV)

I = peak current (amps)

TxFreq = transmitter frequency (hertz)

Sp = self-potential offset (mV)

MF = metal factor (1000*msec/ohm-m)

ARerr = apparent resistivity error (percent)

QC = |IP quality control (1=good data, 2=skip data)
QC_Res = apparent resistivity quality control (1=goodala?=skip data)
Ares = 3-point apparent resistivity at 0 hertz (ohm-m)
Aresfl = apparent resistivity at TxFreq (ohm-m)

Aresfb = apparent resistivity at"tharmonic of TxFreq (ohm-m)
IPerr = 3-point IP phase error (mrad)

IPThreePnt = 3-point IP phase at 0 hertz (mrad)

IP1 = IP phase at TxFreq (mrad)

IP5 = IP phase at af"tharmonic of TxFreq (mrad)
IPOerr = 3-point IP phase error (mrad)

IPlerr = TxFreq IP phase error (mrad)

When geographic coordinates are read from a stélencravgw adds the following columns:

PltEast, PltNorth, PltElev = plot point east, north and elevation (length units)
TxEastl, TxNorthl, TxElevl = transmitter electrode 1 east, north and elevatength units)
TxEast2, TxNorth2, TxElev2 = transmitter electrode 2 east, north and elevatength units)
RxEastl, RxNorthl, RxElevl = receiver electrode 1 east, north and elevatiorg{lennits)
RxEast2, RxNorth2, RxElev2 = receiver electrode 2 east, north and elevatiorgflennits)
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CRAVGW cac time-series export to *TS##.csv files

When processing GDP-3¥2cac files time-series dat&ravgws cac processing control dialog includes an option
export the time series data to csv files, onefiteeach time-series block up to a maximum of $sfiThe export csv
files use the naming convention *TS##.csv, wheie feplaced with the name of the input cac filej ## represent
time-series blocks indexed from 01 to 99.

The time series files include a time column wititlisecond values followed by one column for eadbRschannel
with time-series values in volts.

Partial listing of time-series *TS##.csv file:

Time_msec,Ch01_Ref_volts,Ch02_Ex_volts,Ch03_Ex_volt s,Ch04_Ex_volts,Ch05_Ex_volts, . . .
Line.Name=2000, Tx.Stn=350, Rx.Stn=550, Gdp.Blk=1, Gdp.Time=15:19:02.887, TS.NWaveform=8192, . . .
0.0000E+00,1.58548E-04,-1.06916E-05,-2.60212E-03,6. 46122E-03,-3.53001E-03,3.12254E-03,-1.27573E-03
9.7656E-01,-8.03471E-04,-2.60398E-05,-2.58919E-03,6 .48413E-03,-3.49984E-03,3.13982E-03,-1.26585E-03
1.9531E+00,-1.36566E-02,-6.01038E-04,-2.78324E-03,6 .35225E-03,-3.59729E-03,3.11028E-03,-1.27394E-03
2.9297E+00,-4.74930E-02,-2.29761E-03,-3.43349E-03,5 .87326E-03,-4.00990E-03,2.97185E-03,-1.33865E-03
3.9062E+00,-8.29947E-02,-4.32644E-03,-4.26102E-03,5 .24972E-03,-4.56933E-03,2.78793E-03,-1.42477E-03
4.8828E+00,-1.11229E-01,-6.11596E-03,-5.02765E-03,4 .63519E-03,-5.14261E-03,2.59034E-03,-1.52383E-03
5.8594E+00,-1.28371E-01,-7.36553E-03,-5.60328E-03,4 .14476E-03,-5.62742E-03,2.41533E-03,-1.61540E-03

The first record holds column labels. Time valaes in milliseconds relative to the beginning oé time series,
followed by a column of time-series data for eadtarmel in volts. The second record records metautata
keyword=value format, followed by all of the nunwedata.

Meta data keywords:
Line.Name = line name (text string)
TX.Stn = transmitter station number (float)

Rx.Stn receiver location station number (float)
Gdp.Blk = GDP block number (integer)

Gdp.Time = GDP time (hh:mm:ss.sss)

TS.NWaveform = number of points per Tx cycle (integer)
TS.NCycle = number of Tx waveform cycles in time series€ger)
TS.NPnt = number of time-series points (integer)
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CRAVGW cac stacked-data export to *Stack.csv file

When processing GDP-32cac files time-series or stack da@ravgws cac processing control dialog includes an
option to export the rectified stacks to a csv.filae default *Stack.csv export file name can belified in the *.cac
processing control dialog.

Partial listing of rectified stack *Stack.csv file:

Time_msec,Stack.Volts, Tx.X1,Rx.X1,PIt.X,PIt.Y,PIt.Z ,Rx.Cmp,Gdp.Chn,Gdp.BIk,Gdp.Time, TS.NCycle
0.0000E+00,7.04080E-06,200,1,112.75,1551150,-155115 0.004,Ref,1,1,15:19:02.887,8
9.7656E-01,-9.15118E-04,200,1,112.75,1551150,-15511 50.004,Ref,1,1,15:19:02.887,8
1.9531E+00,-1.36212E-02,200,1,112.75,1551150,-15511 50.004,Ref,1,1,15:19:02.887,8
2.9297E+00,-4.70314E-02,200,1,112.75,1551150,-15511 50.004,Ref,1,1,15:19:02.887,8
3.9062E+00,-8.18045E-02,200,1,112.75,1551150,-15511 50.004,Ref,1,1,15:19:02.887,8
4.8828E+00,-1.10018E-01,200,1,112.75,1551150,-15511 50.004,Ref,1,1,15:19:02.887,8
5.8594E+00,-1.28292E-01,200,1,112.75,1551150,-15511 50.004,Ref,1,1,15:19:02.887,8

The first record holds column labels followed bymaric data for all of the rectified stacks.

Rectified-stack-data csv file columns:

Time_msec = time from beginning of rectified stack (msec)
Stack.Volts = rectified stack data (volts)

Tx.X1 = along-line X coordinate of first Tx electrode¥@ stn #)
Rx.X1 = along-line X coordinate of first Rx electrodedB stn #)
PIt.X = pseudosection/volume plot point along-line X (&&tn #)
PIt.Y = pseudosection/volume plot point across-line YEGstn #)
Plt.Z = pseudosection/volume plot point depth Z (GDP#tn
Rx.Cmp = EM component (Ex,Ey,Ez,Hx,Hy,Hz,Ref)

Gdp.Chn = GDP channel index

Gdp.Blk = GDP block number

Gdp.Time = GDP time (hh:mm:ss.sss)

TS.NCycle = number of Tx waveform cycles averaged in restifstack

If Cravgwhas recalculated stacks from times series dateg th an additional column of
Stack.StdDev = stacked data standard deviation (volts)
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