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Abstract

This document reports a comparison made by the Bath and Counties Archaeological
Society between the TR/CIA resistance meter (old model) and the R M Frobisher TAR3
meter when used for resistivity profiles.

The comparison was made in September 2019 in Cameley Church, Bath and North-
East Somerset while taking a profile through the floor to look for vault spaces below.

The patterns did not match exactly, but investigations showed that the TR software
multiplied resistance values by 2πd (d=probe separation) in converting them to
resistivity, whereas the Frobisher software did not. The resistivity scales were generally
adjusted to integer intervals, rather than multiples of π.

The report also compares the mechanics and sequence of the measurement methods.
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Preface

The principal aim of the day’s work was to get a resistivity profile through the floor of
Cameley Church, and this was achieved and has been reported elsewhere. While all
the probes were set up, we took advantage of this to run the profile electrically with
both BACAS’ old TR/CIA resistance meter and also with John Samways’ R M
Frobisher meter. Comparison of the results showed that the Frobisher device gave
much lower values and this has been investigated here. The measurement and
download routines are also discussed here so that the document may act as a tutorial.

Since the work was done and this report started, BACAS has obtained two new
Frobisher resistance meters, so these will become the standard measurement devices
once geophysics recommences after the current medical emergency. The report has thus
taken on extra significance since its conception. It documents the operational processes
of each as well as comparison of outputs and how ideally these should be brought into
correspondence. However, this report is based on hardware and software available in
September 2019, irrespective of any subsequent modifications.

Acknowledgements

Many thanks to Fiona Medland for letting us do these measurements in the church
which she cares for. The building is vested in the Churches Conservation Trust.

Thanks to John Samways for bringing his Frobisher meter so that the comparison could
take place.
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1 Introduction

1.1 Location

The work was conducted in St James’ Church, Cameley, Bath and North-East Somerset,
ST 6105 5760. The building is in the care of the Churches Conservation Trust and is
famous for its galleries and wall paintings.

This proved a useful site, but apart from providing results for comparison, it is not
relevant to the exercise.

Heights above sea level could be taken from a bench-mark located on the chancel door
at 359.0 ft (109.4 m).

Inside, the altar was on a raised wooden floor, so measurement down the centre of the
aisle could only start immediately in front of this, and ending at the vestry screen under
the tower arch, a distance of 15.5 m away, so exactly fitting a single profile. Taking
longer profiles will be discussed later in the text. There was a small step up of 10 cm
near the font, at 13.5 m, which was not put into the profile.

1.2 Date

The work was conducted on Wednesday 4th September 2019.

1.3 Personnel

The work was conducted by John Oswin, John Samways and Fiona Medland.

1.4 Scope

This report only discusses a comparison of method, download and data processing,
using the measurements made in Cameley Church. It does not discuss the meaning of
results themselves, which have already been published by the Bath and Counties
Archaeological Society (BACAS). Details are given in the ‘Related Reading’ section.
The description is based on the equipment as it was in September 2019. It comments
on the relative advantages and disadvantages of the Frobisher device, compared to the
TR and what might help to align measurements to get the best of new Frobisher meters
procured for BACAS since this work was done.

Note that only the meters were changed for this comparison. The probes and wiring
loom were BACAS’ normal equipment in both cases. The results for the two meters
were processed using slightly different versions of the RES2DINV program, as the
authors each access only to their particular versions.
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2 Set-up

2.1 Probes

The standard BACAS set of 32 probes, labelled 0 to 31, was used, set at 0.5 m spacing.
The probes were supported through holes in upturned plastic tumblers. The probe tips
made contact with the floor via pieces of wet sacking, which was kept well soaked
through the measurements. This generally gave stable measurements from fifteen
minutes after wetting, although a few probes, notably number zero, did not contact well.

The probes were connected via the BACAS cable looms and distribution box to the
meters.

2.2 Software

The meters were connected to the BACAS laptop running Windows XP via suitable
connections and proprietary software for each to produce a file which could be read by
RES2DINV software by Geotomo. The version used with the TR/CIA was version
3.71.112 supported by USB dongle to provide full processing version. Data from the
Frobisher TAR-3 was analysed using version 4.9.18 of the same software.

Each meter was set to take 8 sets of data, to provide depth coverage down to 2 m.
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3 TR/CIA meter

3.1 Settings

Figure 3.1 shows the meter mounted with the distribution box, and Figure 3.2 shows
the meter front panel. Using the buttons on the front panel, you can select MENU and
scroll through it using NEXT and when all values are set, press OK to end menu mode.

Figure 3.1. TR meter with distribution box.

Figure 3.2. TR meter front panel.
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For normal BACAS operation, the values are set:-

RANGE: 20 Ω (if readings are low enough, to get extra decimal place), otherwise 200
Ω or even higher if required.

No OF X: 8. This provides 8 rows of spacing, from 0 to 7, to see down nominally to 2
m with 0.5 m spacing, 4 m with 1 m spacing. Sometimes, only 6 rows are set.

No OF Y: 30. These are 0 to 29. Given the need to occupy 4 spaces and with 32 probes
provides sufficient points with 2 to spare on the first pass.

PITCH: 1 even if we are using 0.5 m spacing. This keeps the numbers easier, and the
software can make the adjustment.

SETTING: URBAN 2.5 SEC. This gives the most readings to average for a more
stable reading.

TRIGGER: MANUAL. Press log to take each reading in turn.

When taking readings, you have to remember to do END X when you finish each line,
so that X increases as spacing increases.

3.2 Measurement.

Start Grid. Start with plugs Red, Black, Blue Green (R, BK, BL, G) in sockets 0, 1,
2, 3 respectively. Press LOG and wait for reading (2.5 secs).  Move all plugs along 1
space, to occupy 1, 2, 3, 4 in the same order (always this order). Press LOG… When
all settings have been done, including using the two on the extension cable. Press END
X. Note that during this set, the meter has shown X 0, and counted Y upwards from 0.

Now start the next line with (R, BK, BL, G) in sockets 0, 2, 4, 6 and log. Note the
meter will start by reading X 1, Y 29. When reading is complete, move all plugs along
1, to 1, 3, 5, 7 and log again…until the line is complete. Note that X 1 is a useful
reminder as it also tells you 1 space between each plug. Counting Y down from 29 is
a bit confusing, but that is the way the logging system was designed for normal res
operations. When the complete line is done, always moving each plug along 1 space at
a time. Press END X.

The next line starts X 2, Y 0, so you need 2 spaces between each plug: 0, 3, 6. 9. You
still move each plug down one space for each reading, so next is 1, 4, 7, 10…until the
line is complete and END X done.

Continue the process. The last line will start X 7, Y 29. At the end of this line, the
meter will play its little tune and say GRID FINISHED.

Repeat for as many profiles as you want to do. If you are trying to make one long line,
you can move the probes and cable loom such that probe 0 of the new line was probe
20 of the old line. Ideally you should move only to probe 17, but very little will be lost,
and it keeps the numbering easier. The lines can be concatenated using a standard text
file, but it is a good idea to check each profile has good data first before concatenating.
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3.3 Download

Connect the meter to the computer via its RS232D cable. Open the TR/CIA proprietary
resistance download software. Press the download icon on the screen (top left) before
the download button on the meter. When the files are downloaded, you will be
prompted to save as, and can call them p1, p2…in the appropriate folder. The files are
stored as .dat and are in code. Then, file…open…p1, save as….RES2DINV file. Call
it q1. You can choose as downloaded (1 m spacing) or custom (change to 0.5 m
spacing). Note that in the process of conversion, the numbering of alternate lines is
sorted out so all lines start from 0, and the resistance measurements are multiplied by
2*π*(d/2) to convert values to resistivity. A raw data file (like p1) is shown in
Appendix A1, shown in text format. A converted file ready for RES2DINV (like q1)
is shown in Appendix A2.

If it is just a single complete profile, you can open it (it is like a text file) and add height
data. At end of the file, change the 0 to 1. On the next line state the number of height
data points. On the following lines, give the distance along the line and the height at
that point. Finish by addinga few zeros on the next few lines. Make sure you have
counted the number of height data points correctly, or the program will make up its own
rules and give you something weird. Call this file qq1. A height data file (like qq1) is
shown in Appendix A3. Note that heights can be all above OD, or relative to a
particular point.

Note that if you are going to concatenate files, this is done in RES2DINV. Join one to
the next each in turn, using file…concatenate and clicking on the text file you have
generated (see appendix A4). So, from file q1 and q2, you can produce a file q1q2.
After each concatenation, it is best to run the file (which may crash the program, if so,
re-load and try again) so that it gets rid of the duplicated data, and lets you store it as
q1q2s. Only when you have your complete long file, which may be q1q2q3q4s is it
safe to add the height data to produce qq1q2q3q4…

3.4 Analysis in RES2DINV

Ensure the dongle is in one of the USB ports.

Start with file…read, and select the file. If it has height data, it is worth checking in
topography that the correct shape is obtained. If it comes out odd, it may be that the
number of height data points used does not match the number specified.

The next stage is inversion, using the standard default method. You will be asked to
store an inverse file… .inv, which can be used directly in display mode. After this, the
screen will display a colour map of the profiler raw resistivity data, and under that, its
own final model, which may delete any rogue points, but otherwise looks very similar.
The third colour model will go through several iterations until it comes up with its
finite-element model of point resistivities. This will start mid-way between the second
and third probe positions (as the measurement point is between the two central
electrodes of each foursome) and end midway between antepenultimate and
penultimate electrodes. It has a ‘V’ profile as the centre point of the two inner
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electrodes moves further from the end as spacing increases. It is slightly different in
shape from the two above as it is rendering values at nodes midway between each
electrode set centre.

A panel will say what RMS error has been reached, and this will need an OK or request
for more iterations of the program. The display will finalise. It will have a non-linear
depth scale (based on the nodal point depths) and a logarithmic resistivity scale. Some
readings on the plot may force the scale very high so that detail is lost in areas of
interest. It is worth noting the highest resistivity of interest so that can be used as a
maximum when setting a linear display scale.

Select the display mode from the top menu. The data from the inversion just done will
be carried across and will show on the screen. You then need change display. First, it
is best to select number of displays, and set to 1 so only the analysed profile appears.
You can select linear depth scale and set it to linear in the panel which appears. You
can set the ratio of depth to horizontal scale. This is best set to 1, but with a very
long profile, you may want to exaggerate depth for clarity, and set it to 2 or more.

Then in display, you can get your final picture, either simple or with topography, if
you have added height data. A panel will ask what type of resistivity scale you want.
It is usual to click on linear, user-defined. The next panel will suggest a base value
and increment. There are 17 shades available, so, for instance, selecting 0 for the base
value and an increment of 50, the scale will go up to 800. This will be displayed and
you will be asked to OK this. You may need a larger increment. It is generally best to
set the base value to 0 unless you are doing something very specialised.

Pressing the print option provides a bitmap of the display, stored to the folder you have
specified. You then need to quit the display menu unless you want another version with
a different scale. You can look at another profile if you load the .inv file into display
screen.

The profile for the nave of Cameley Church is shown below, Figure 3.3.

Figure 3.3. Profile of nave of Cameley Church.
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4 R M Frobisher Meter - TAR-3

4.1 Settings

The R M Frobisher TAR-3 has a front panel with a number of keys to scroll through
the menu, Figure 4.1. The two sets of buttons have the same functions and are for left
or right-handed use.

Figure 4.1 TAR-3 Front panel

Turn the meter ON and ensure that the battery levels are greater than 3V7; the meter
will not operate if it is below this value. Note, it is worth putting the meter on charge
overnight before a survey to ensure the batteries are fully charged.  Press ENTER and
select LINE Mode.  For a new line select New TPE File and enter the number of probes
in a line. The menu starts at 50 and use the INC or DEC buttons to select the number
required. Note, it is possible to create a TPE File on a PC using a standard text editor
and save to a microSD card before as survey.

Press ENTER. Next menu item is number of probe spacings. You can have between
four and nine probe spacings. We normally use six or eight probe spacings. Use the
INC or DEC buttons to select the number required. More spacings give greater depth.

Press ENTER. Enter number of Probes per meter.  Option are normally 1 No/m or 2
No/m (0.5m spacing). Use the INC or DEC buttons to select the number required.

Press ENTER to create File, then ENTER to use. The screen will appear as shown in
Figure 4.2. The number of the line is automatically set by the program.

Figure 4.2 Start of line 001
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4.2 Measurement

Connection is made between the distribution box and the underside of the TAR-3 meter
using the supplied red and blue cables with banana plugs, Figure 4.3.  Order is C1, P1,
P2, C2 to sockets 0, 1, 2, 3, (assuming current BACAS distribution box) respectively.

Figure 4.3 Base of TAR-3 meter

With the view screen at Figure 4.2 you scroll through the menu using the PREV and
NEXT buttons which show options BACK, NEW and Dummy. NEW displays the
resistance reading at that point to the three most significant digits.  Press ENTER to
save the reading.

Pressing PREV and NEXT scrolls through the menu options as follows

Go to Next.  Goes to the next blank reading.

Go to Last.  Goes to the last set in the file. Note the TAR3 sequence does not form
lines like the TR/CIA meter does.

Finish Line.  If not at the end of the set, it will insert dummy readings from this point
to the end of the set.  Press ENTER and select SAVE and EXIT or CONTINUE.

Go to First. Goes to the first reading in the set.

Go to Prev.  Returns to the last reading point.

Press ENTER to select required option.

Assuming 32 probes in a line (the maximum number of sockets in the distribution box
plus the extension cable), the program will count down the spacing until 32 is reached.
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On the meter, the set starts 1,2,3,4 then 1,3,5,7 etc and ends 1, 9, 17, 25 first set,
assuming 8 spacings have been chosen. Note that distribution box numbering is
0,1,2,3,4….31, 1 less than the meter reading.

For lines longer than 32 probes options are:-

1) Set lines to 32 probes and then repeat as many times required to complete the
measurement and concatenate files as mentioned in 3.2 and 3.3 above, or

2) Set first line to the total line length required (up to a maximum of 99 probes).
End the line when the last set of readings have been taken when reaching 32.
Note that point in the line.  Move cables to start at that point and start a new line
whose number of probes will be those remaining to be measured in the line.
Repeat as required.  Note, it will be necessary to start each line as a New TPE
Line, as above, and each line will be stored as a new line number.

4.3 Download.

Open the cover on the underside of the meter, Figure 4.4, and remove the micro SD
card.  Using a SD adaptor card or USB adaptor connect to a PC and transfer files to a
required directory.  The recorded data will be in files named LINE_Lnn.DAT.

Figure 4.4 Location of microSD card

For lines longer than 32 probes then either concatenate files in RES2DINV (option 1
above) or edit files in a text editor or a spreadsheet e.g. excel (option 2 above) to
combine the data.

Where probe height measurements have been taken this data can be added to the files
using a text editor or spreadsheet, as mentioned in 3.3 above.

4.4 Analysis in RES2DINV

As for 3.4 above.  Select data file from stored location and process in the same way as
for TR/CIA files. These used version 4.9.18 of the RES2DINV software.
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5 Comparison and Comment

5.1 Measurement

There is a significant difference in the order in which the data are recorded between
the two instruments, and this is summarised below.

The sequence for the TR/CIA device for six lines, using TR numbering is shown in
figure 5.1. Note that this shows the four contact pins monochrome, but they are in fact
coloured, and the same colour sequence should always be maintained: Red, Black,
Blue, Green.

Then the symbol, for instance XXXX should be read as: XXXX.

Figure 5.1. Measurement sequence for TR/CIA
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Numerically, this order for the TR/CIA could also be shown as:

X 0 no spaces between probes
0,1,2,3.  1,2,3,4.  2,3,4,5. 3,4,5,6. ….
X 1 1 space between probes
0,2,4,6.  1,3,5,7.  2,4,6,8.  3,5,7,9. …
X 2 2 spaces between probes
0,3,6,9.  1,4,7,10.  2,5,8,11.  3,6,9,12. …
X 3 3 spaces between probes
0,4,8,12.  1,5,9,13.  2,6,10,14.  3,7,11,15, …
X 4 4 spaces between probes
0,5,10,15.  1,6,11,16.  2,7,12,17.  3,7,13,18. …
X 5 5 spaces between probes
0,6,12,18.  1,7,13,19.  2,8,14,20.  3,9,15,21. ….

Note that these are the numbers on the distribution box. The numbers on the
instrument screen will start from 29 (if maximum Y is set to 30) on the odd numbered
lines: 1; 3; 5. The TR meter only shows the first number of the sequence.

The order used on the Frobisher TAR3 is significantly different. This machine also
starts its numbering from 1 rather than from 0. This can be a disadvantage as the first
probe is usually inserted at the start of the tape, on 0 metres.

The sequence is shown numerically below for the Frobisher. Each set of readings starts
with no spaces between probes, then 1 space, the 2 spaces, up to the maximum number
of spaces you have set the meter to. Each set of readings starts one probe further along
from the last. Note these form a set of differently spaced readings for each probe rather
than a line of constant spacing for all the probes.

1,2,3,4. 1,3,5,7.  1,4,7,10.  1,5,9,13.  1,6,11,16. …first probe, all spacings
2,3,4,5.  2,4,6,8.  2,5,8,11.  2,6,10,14.  2,7,12,17. …second probe, all spacings
3,4,5,6.  3,5,7,9.  3,6,9,12.  3,7,11,15.  3,8,13,18. …third probes, all spacings
4,5,6,7.  4,6,8,10. 4,7,10,13.  4,8,12,16.  4,9,14,19. …fourth probe, all spacings
5,6,7,8.  5,7,9,11.  5,8,11,14.  5,9,13,17.  5,10,15,20. …fifth probe, all spacings
6,7,8,9.  6,8,10,12.  6,9,12,15.  6,10,14,18.  6,11,16,21. …sixth probe, all spacings

NOTE:  The sequence will start to count down once the last probe in the line has been
reached i.e. for a line with 32 probes, and taking readings with a maximum 9 probe
spacing then the end will be reached when the first probe is on 5 and sequence is 5,
14, 23, 32.  Next readings will end at 8, 16, 24, 32, (8 probe spaces), with successive
spaces reducing to 7, then 6 etc until line ends at 29,30,31,32.

The probe order is shown pictorially in figure 5.2, over page. Note that this assumes
readings starting at 1, whereas the BACAS distribution box starts from 0.
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Figure 5.2. Measurement sequence for the Frobisher device.
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5.2 Software analysis

Following this survey further tests were carried out with the TAR-3 meter and
discussions with the manufacturer have confirmed that input data for RES2DINV
should be in measured apparent resistivity values, not measured resistance values. This
required the Cameley results from the TAR-3 meter to be adjusted to resistivity values.
Both measured and resistivity values are shown in Appendix B1. The profiles for the
nave from these data files are shown in figures 5.3 and 5.4.

Figure 5.3 Profile from TAR-3 measured resistance data, log scale

Figure 5.4 Profile from TAR-3 apparent resistivity data, linear scale

Note, that the images in log not linear resistivity scale cannot be directly compared with
figure 3.3 above.

Figure 5.5 Profile from TAR-3 apparent resistivity data, log scale
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Changing the display of the resistivity results to a linear scale produces an image shown
in figure 5.3 which compares well with figure 3.3, though this may be affected by the
inversion settings used.  A result more closely matching TR/CIA image can be obtained
by using robust inversion, figure 5.4.  Note, however, these comparative images were
produced using RES2DINV v 4.9.18, which may impact the results.

Figure 5.6 Profile from TAR-3 apparent resistivity data, robust inversion, linear scale

The TAR-3 software is to be updated to give resistivity data for reading in to
RES2DINV.  For users without the update, the files can be converted on-line by
connecting to the RM Frobisher web site or alternatively edited in a spreadsheet by
multiplying measured resistance values by 2 π d, where d is the probe spacing width.

5.3 Comment

There were four main differences, three in the physical measurement and one in the
analysis of the results. Since this work was done, two Frobisher TAR3 devices have
been procured for BACAS’ use, so it will become the operating standard. However, it
is best to ensure compatibility between old and new results which could need
comparison and to try to get the best from both techniques into the future.

The different operating sequences are shown in figure 5.1 for the TR/CIA and figure
5.2 for the Frobisher. The figure 5.2 technique has the advantage that once line 1 has
been completed, the first probe in the line is redundant, and could be moved to the end
of the line to extend it. This may not be so simple, however, if you are using a wiring
loom and distribution box. You would need to move redundant probes up the line at a
time, but not move the loom to incorporate them until you needed to, and then there
may be issues of different numbers on screen and distribution box. This means you may
need a much larger loom than you have probes, so you can move them up and connect
them. It might also be advisable to have sufficient probes that the loom is only moved
when ten probes have been released. This will also be affected by the number of lines
to be measured. The line length will also need to be set in advance, but this can be done
from the tape used to set up the probes.

This was not a problem in the Cameley measurement, as the interior of the church just
fitted the normal BACAS set of 32 probes. It will be necessary to try a longer line with
the new equipment before the practicalities can be investigated.
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Alternatively, standard 32 probe lines could be kept and concatenated with sufficient
overlap to produce longer lines, but this would gain no advantage over the existing
arrangement.

The measurement area where the Frobisher is at a disadvantage is that it starts its
numbering sequence on 1, not 0. The 0 start on the TR device was awkward when
operating in normal twin-probe mode, but was well suited to these line measurements.

It would be beneficial if the Frobisher software could be amended so that lines started
on zero, as the first probe is put on the zero mark on the tape.

An extra concern lies in the lead colouring. Whereas the TR leads from meter to
distribution panel are well defined and the sequence red, black, blue, green well
established, the Frobisher uses two red and two blue leads which emanate from under
the box, so it would not be difficult to get the order confused and give very strange and
irregular results. It would be sensible to make sets of TR colour coded leads and ensure
they are fitted to the meter in the right order and checked before measurement starts
(the TR leads are attached to plugs which can only be connected in one way) in order
to reduce the risk of error.

The analysis problem is most in need of adjustment, so that comparison between results
of the two devices can be maintained. Admittedly, the conversion factor is only
introduced into the TR/CIA calculations at an intermediate stage in download, but the
Frobisher does not have that intermediate stage, and it is more awkward to introduce
the factor later.

As the Frobisher operates in the two different modes (plot and line) independently, it
would be beneficial if the 2πd factor were introduced to line mode before download.

When comparing results of profiles, the analyst usually looks first at the pattern
produced, rather than the numerical value at any point. A factor of 2πd is awkward to
account for just by changing the scale. A factor of 6 could be applied to the scale but
that would still not give an exact match and would result in cumbersome scale numbers.

The measurement sequence of the Frobisher is better than that of the TR/CIA, once the
operator gets used to it. Bringing the probe counting and the resistivity factor into line
with existing standards would be beneficial.
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Related Reading

This paper is essentially about the technicalities of using the two different instruments,
but any one wanting to learn more on the process of obtaining profiles from probes
resting on hard floors should access the following reports, all produced by the Bath and
Counties Archaeological Society, and available via their website, www.bacas.org.uk.

Oswin, J, 2018. The Roman Baths, Bath. Archway Project. Geophysical Survey,
January 2018.

Oswin, J, 2019. The Roman Baths, Bath. Archway Project. Deep-Looking Geophysics,
April 2019.

Hawke, S and Oswin, J, 2019. ‘What lies beneath’: a geophysical survey inside St Mary
the Virgin Church, Westwood, Wiltshire.

Medland, F, Samways, J and Oswin, J, 2019. Under the Floor of Cameley Church.
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Appendix A Data from TR/CIA meter

A1 Raw data from meter, file p1 shown as text.
0,0,471.816
0,1,339.532
0,2,361.021
0,3,349.866
0,4,395.947
0,5,90.789
0,6,238.32
0,7,213.368
0,8,119.327
0,9,251.978
0,10,128.213
0,11,81.863
0,12,85.607
0,13,90.844
0,14,213.58
0,15,219.343
0,16,240.914
0,17,303.712
0,18,237.36
0,19,201.703
0,20,182.212
0,21,149.871
0,22,136.328
0,23,49.24
0,24,44.774
0,25,88.451
0,26,44.313
0,27,118.418
0,28,143.627
1,4,47.727
1,5,20.759
1,6,26.951
1,7,27.317
1,8,51.761
1,9,72.516
1,10,60.563
1,11,60.413
1,12,102.279
1,13,147.016
1,14,95.625
1,15,69.203
1,16,81.841
1,17,104.321
1,18,58.665
1,19,45.59
1,20,70.072
1,21,96.687
1,22,45.203
1,23,39.83
1,24,73.395
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1,25,116.699
1,26,213.448
1,27,260.548
1,28,93.784
1,29,60.405
2,0,34.574
2,1,69.161
2,2,115.818
2,3,43.179
2,4,25.764
2,5,17.975
2,6,22.848
2,7,30.197
2,8,33.401
2,9,32.809
2,10,34.922
2,11,32.857
2,12,32.812
2,13,42.089
2,14,40.935
2,15,31.464
2,16,30.751
2,17,23.706
2,18,23.845
2,19,31.719
2,20,27.89
2,21,15.888
2,22,18.328
3,10,15.903
3,11,12.638
3,12,11.288
3,13,11.382
3,14,7.568
3,15,10.378
3,16,13.208
3,17,14.157
3,18,18.599
3,19,18.211
3,20,16.054
3,21,13.828
3,22,11.259
3,23,15.749
3,24,11.798
3,25,11.603
3,26,17.273
3,27,23.133
3,28,27.862
3,29,18.699
4,0,9.784
4,1,8.408
4,2,10.813
4,3,7.568
4,4,7.208
4,5,5.477
4,6,6.729
4,7,7.614
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4,8,7.768
4,9,8.629
4,10,7.173
4,11,6.517
4,12,6.078
4,13,5.871
4,14,4.742
4,15,3.847
4,16,5.554
5,16,3.022
5,17,3.827
5,18,3.983
5,19,4.406
5,20,3.403
5,21,3.442
5,22,3.796
5,23,3.739
5,24,3.777
5,25,4.916
5,26,3.988
5,27,4.404
5,28,3.933
5,29,4.16
6,0,3.222
6,1,2.46
6,2,2.912
6,3,3.388
6,4,2.505
6,5,2.041
6,6,1.679
6,7,2.238
6,8,2.589
6,9,2.561
6,10,3.213
7,22,1.718
7,23,1.957
7,24,1.989
7,25,1.753
7,26,1.691
7,27,2.135
7,28,1.96
7,29,1.929
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A2 Data converted to RES2DINV format, q1

C:\INSITE\Fiona\q1.dat
0.5
1
148
1
0
0.75 0.5 1482.25
1.25 0.5 1066.67
1.75 0.5 1134.18
2.25 0.5 1099.14
2.75 0.5 1243.9
3.25 0.5 285.222
3.75 0.5 748.704
4.25 0.5 670.315
4.75 0.5 374.877
5.25 0.5 791.612
5.75 0.5 402.793
6.25 0.5 257.18
6.75 0.5 268.942
7.25 0.5 285.395
7.75 0.5 670.981
8.25 0.5 689.086
8.75 0.5 756.854
9.25 0.5 954.139
9.75 0.5 745.688
10.25 0.5 633.669
10.75 0.5 572.436
11.25 0.5 470.834
11.75 0.5 428.287
12.25 0.5 154.692
12.75 0.5 140.662
13.25 0.5 277.877
13.75 0.5 139.213
14.25 0.5 372.021
14.75 0.5 451.218
1.5 1 379.536
2 1 589.262
2.5 1 1637.07
3 1 1341.13
3.5 1 733.241
4 1 461.154
4.5 1 250.259
5 1 284.019
5.5 1 607.502
6 1 440.275
6.5 1 286.45
7 1 368.603
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7.5 1 655.468
8 1 514.222
8.5 1 434.815
9 1 600.83
9.5 1 923.729
10 1 642.638
10.5 1 379.586
11 1 380.529
11.5 1 455.631
12 1 325.224
12.5 1 171.638
13 1 169.338
13.5 1 130.433
14 1 299.878
2.25 1.5 325.852
2.75 1.5 651.827
3.25 1.5 1091.56
3.75 1.5 406.952
4.25 1.5 242.82
4.75 1.5 169.41
5.25 1.5 215.337
5.75 1.5 284.6
6.25 1.5 314.797
6.75 1.5 309.218
7.25 1.5 329.132
7.75 1.5 309.67
8.25 1.5 309.246
8.75 1.5 396.679
9.25 1.5 385.803
9.75 1.5 296.541
10.25 1.5 289.821
10.75 1.5 223.424
11.25 1.5 224.734
11.75 1.5 298.945
12.25 1.5 262.857
12.75 1.5 149.741
13.25 1.5 172.737
3 2 234.979
3.5 2 350.124
4 2 290.698
4.5 2 217.059
5 2 145.808
5.5 2 148.258
6 2 197.908
6.5 2 141.485
7 2 173.768
7.5 2 201.741
8 2 228.846
8.5 2 233.722
9 2 177.902
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9.5 2 165.977
10 2 130.414
10.5 2 95.1023
11 2 143.03
11.5 2 141.849
12 2 158.814
12.5 2 199.843
3.75 2.5 153.687
4.25 2.5 132.073
4.75 2.5 169.85
5.25 2.5 118.878
5.75 2.5 113.223
6.25 2.5 86.0325
6.75 2.5 105.699
7.25 2.5 119.6
7.75 2.5 122.019
8.25 2.5 135.544
8.75 2.5 112.673
9.25 2.5 102.369
9.75 2.5 95.473
10.25 2.5 92.2215
10.75 2.5 74.4872
11.25 2.5 60.4285
11.75 2.5 87.242
4.5 3 78.4141
5 3 74.1353
5.5 3 83.0134
6 3 75.172
6.5 3 92.6644
7 3 71.1948
7.5 3 70.4785
8 3 71.5529
8.5 3 64.8802
9 3 64.145
9.5 3 83.0511
10 3 75.0778
10.5 3 72.1372
11 3 56.9634
5.25 3.5 70.8555
5.75 3.5 54.0982
6.25 3.5 64.0382
6.75 3.5 74.506
7.25 3.5 55.0878
7.75 3.5 44.8839
8.25 3.5 36.9231
8.75 3.5 49.2162
9.25 3.5 56.9351
9.75 3.5 56.3193
10.25 3.5 70.6576
6 4 48.4811
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6.5 4 49.2602
7 4 53.6584
7.5 4 42.4995
8 4 44.0577
8.5 4 49.989
9 4 49.1848
9.5 4 43.1781
0
0
0
0
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A3 RES2DINV processed data as XYZ file

Note that this is the first part of the file only. There are many more pages of detailed
data which follow this.

/Name of survey line is C:\INSITE\Fiona\q1.dat
/Number of blocks is 172
/The x and z coordinates of the centres of the model blocks, and
/The resistivity and conductivity of each block is given below.
/ X           Depth    Resistivity  Conductivity

0.750 -0.125     2595.900       0.000385
1.250 -0.125      637.270       0.001569
1.750 -0.125      479.990       0.002083
2.250 -0.125      766.420 0.001305
2.750 -0.125     1479.100       0.000676
3.250 -0.125      595.970       0.001678
3.750 -0.125      936.890 0.001067
4.250 -0.125      567.000       0.001764
4.750 -0.125 285.310       0.003505
5.250 -0.125      615.330       0.001625
5.750 -0.125      401.880       0.002488
6.250 -0.125 256.350       0.003901
6.750 -0.125      261.660       0.003822
7.250 -0.125      267.930       0.003732
7.750 -0.125      579.790       0.001725
8.250 -0.125      512.540       0.001951
8.750 -0.125      717.920       0.001393
9.250 -0.125     1323.100       0.000756
9.750 -0.125      986.910       0.001013
10.250 -0.125      542.990       0.001842
10.750 -0.125      379.350       0.002636
11.250 -0.125      366.800 0.002726
11.750 -0.125      385.700       0.002593
12.250 -0.125      166.060       0.006022
12.750 -0.125      221.740       0.004510
13.250 -0.125      431.070 0.002320
13.750 -0.125 147.800       0.006766
14.250 -0.125      434.750       0.002300
14.750 -0.125      319.100       0.003134
0.750 -0.375     1390.700       0.000719
1.250 -0.375 19089.000     0.00005239
1.750 -0.375    17504.000     0.00005713
2.250 -0.375     4477.600       0.000223
2.750 -0.375      950.240       0.001052
3.250 -0.375      603.880       0.001656
3.750 -0.375      596.990       0.001675
4.250 -0.375      599.800       0.001667
4.750 -0.375     4303.800       0.000232
5.250 -0.375     3015.600       0.000332
5.750 -0.375      249.880       0.004002
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6.250 -0.375      259.010 0.003861
6.750 -0.375      270.870       0.003692
7.250 -0.375      269.710       0.003708
7.750 -0.375      581.230       0.001720
8.250 -0.375     2252.400 0.000444
8.750 -0.375     2162.200       0.000462
9.250 -0.375     1363.500       0.000733
9.750 -0.375      982.460       0.001018
10.250 -0.375      804.300       0.001243
10.750 -0.375 884.940 0.001130
11.250 -0.375      859.780       0.001163
11.750 -0.375      330.150       0.003029
12.250 -0.375      183.180       0.005459
12.750 -0.375      159.210       0.006281
13.250 -0.375 82.829         0.0121
13.750 -0.375      141.330       0.007076
14.250 -0.375      749.170       0.001335
14.750 -0.375     1015.900       0.000984
1.250 -0.637      838.580       0.001192
1.750 -0.637    12993.000     0.00007696
2.250 -0.637     5280.400       0.000189
2.750 -0.637      795.510       0.001257
3.250 -0.637      137.550       0.007270
3.750 -0.637      349.170       0.002864
4.250 -0.637     1645.800       0.000608
4.750 -0.637     4310.000       0.000232
5.250 -0.637     3552.500       0.000281
5.750 -0.637      235.540       0.004246
6.250 -0.637      260.650 0.003837
6.750 -0.637      276.020       0.003623
7.250 -0.637      272.980       0.003663
7.750 -0.637      581.520       0.001720
8.250 -0.637     2245.800       0.000445
8.750 -0.637     2138.200       0.000468
9.250 -0.637     1360.600       0.000735
9.750 -0.637      951.770       0.001051
10.250 -0.637      953.420       0.001049
10.750 -0.637      963.260       0.001038
11.250 -0.637      868.020       0.001152
11.750 -0.637      330.860       0.003022
12.250 -0.637      241.310       0.004144
12.750 -0.637       23.075 0.0433
13.250 -0.637       16.053         0.0623
13.750 -0.637      100.810       0.009920
14.250 -0.637     1087.400       0.000920
1.750 -0.926      226.350       0.004418
2.250 -0.926 3590.900       0.000278
2.750 -0.926      785.890       0.001272
3.250 -0.926       23.822         0.0420
3.750 -0.926       24.244         0.0412
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4.250 -0.926     1665.600       0.000600
4.750 -0.926     4308.200       0.000232
5.250 -0.926     3561.300       0.000281
5.750 -0.926      165.000       0.006061
6.250 -0.926      211.290       0.004733
6.750 -0.926      222.930       0.004486
7.250 -0.926      222.650       0.004491
7.750 -0.926      307.980       0.003247
8.250 -0.926     2109.700       0.000474
8.750 -0.926      887.420       0.001127
9.250 -0.926      735.280 0.001360
9.750 -0.926      825.280       0.001212
10.250 -0.926      974.550       0.001026
10.750 -0.926     3469.300       0.000288
11.250 -0.926     3448.500       0.000290
11.750 -0.926      435.720       0.002295
12.250 -0.926      280.330       0.003567
12.750 -0.926        7.021         0.1424
13.250 -0.926        6.233 0.1604
13.750 -0.926      100.570       0.009943
2.750 -1.244        8.835         0.1132
3.250 -1.244        9.086         0.1101
3.750 -1.244        9.135         0.1095
4.250 -1.244 14.019         0.0713
4.750 -1.244       16.963         0.0590
5.250 -1.244       17.573 0.0569
5.750 -1.244       25.381         0.0394
6.250 -1.244       29.558         0.0338
6.750 -1.244       30.896         0.0324
7.250 -1.244       30.809         0.0325
7.750 -1.244 30.640         0.0326
8.250 -1.244       30.237         0.0331
8.750 -1.244       30.175         0.0331
9.250 -1.244       30.160         0.0332
9.750 -1.244       32.640         0.0306
10.250 -1.244       37.739         0.0265
10.750 -1.244       41.712         0.0240
11.250 -1.244       41.795 0.0239
11.750 -1.244       41.895         0.0239
12.250 -1.244       30.680         0.0326
12.750 -1.244        5.311         0.1883
3.750 -1.593        8.795         0.1137
4.250 -1.593       13.777         0.0726
4.750 -1.593       14.250         0.0702
5.250 -1.593       17.680 0.0566
5.750 -1.593       25.278         0.0396
6.250 -1.593       27.908 0.0358
6.750 -1.593       27.955         0.0358
7.250 -1.593       27.511         0.0363
7.750 -1.593 25.495         0.0392
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8.250 -1.593       25.110         0.0398
8.750 -1.593 24.947         0.0401
9.250 -1.593       24.938         0.0401
9.750 -1.593       24.996         0.0400
10.250 -1.593       25.095         0.0398
10.750 -1.593       25.212         0.0397
11.250 -1.593       25.279         0.0396
11.750 -1.593       25.619         0.0390
4.750 -1.978       13.786         0.0725
5.250 -1.978       21.374         0.0468
5.750 -1.978       26.418         0.0379
6.250 -1.978       27.887         0.0359
6.750 -1.978       27.891         0.0359
7.250 -1.978       27.271 0.0367
7.750 -1.978       25.442         0.0393
8.250 -1.978       25.061 0.0399
8.750 -1.978       24.902         0.0402
9.250 -1.978       24.910         0.0401
9.750 -1.978 24.967         0.0401
10.250 -1.978       25.058         0.0399
10.750 -1.978       25.199         0.0397
5.250 -2.400      183.670       0.005445
5.750 -2.400       28.252         0.0354
6.250 -2.400       28.037         0.0357
6.750 -2.400       27.924         0.0358
7.250 -2.400       27.230         0.0367
7.750 -2.400       25.422         0.0393
8.250 -2.400       25.040         0.0399
8.750 -2.400       24.887 0.0402
9.250 -2.400       24.904         0.0402
9.750 -2.400       24.964         0.0401
10.250 -2.400       25.524         0.0392
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A4 RES2DINV file with height data

Note that this is taken from the profile done outside the church, which used 1 m probe
spacing. Most of the resistivity data is not shown here.

15 8 15.6326
16 8 16.4871
17 8 17.04
18 8 19.2014
19 8 17.794
1
32
0 107.07
1 107.20
2 107.09
3 107.40
4 107.50
5 107.58
6 107.71
7 107.74
8 107.81
9 107.86
10 107.89
11 107.88
12 107.96
13 108.00
14 108.07
15 108.13
16 108.19
17 108.22
18 108.21
19 108.31
20 108.34
21 108.34
22 108.31
23 108.33
24 108.38
25 108.47
26 108.51
27 108.55
28 108.59
29 108.60
30 108.54
31 108.59
0
0
0
0
0
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A5 Concatenation text file

Note that there was no concatenation used in this project, so a similar file has been
taken from elsewhere as an illustration. The data to be entered has been highlighted
for clarity.

nave
Number of files to concatenate
2
File 1 parameters
Name of data file in RES2DINV format
E:\wwd\q1.dat
X location of first electrode along this line
0.0
Line sign (0=positive,1=negative)
0
File 2 parameters
Name of data file in RES2DINV format
E:\wwd\q2.dat
X location of first electrode along this line
10.0
Line sign (0=positive,1=negative)
0
Name of Output file in RES2DINV format
E:\wwd\q12.dat
End of file
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Appendix B R M Frobisher meter data

B1 Raw data from meter

Line_No=27
0.500
1
148
0
0
0.000 0.500 478.7871
0.000 1.000 64.6721
0.000 1.500 36.6801
0.000 2.000 19.9685
0.000 2.500 10.0380
0.000 3.000 4.0476
0.000 3.500 3.6928
0.000 4.000 1.1510
0.500 0.500 358.1738
0.500 1.000 99.4642
0.500 1.500 73.9703
0.500 2.000 30.0020
0.500 2.500 8.7913
0.500 3.000 3.7219
0.500 3.500 2.2060
0.500 4.000 100.0001 (dummy reading)
1.000 0.500 361.7223
1.000 1.000 266.2130
1.000 1.500 120.7767
1.000 2.000 23.2362
1.000 2.500 11.1672
1.000 3.000 4.7330
1.000 3.500 2.6915
1.000 4.000 100.0001 (dummy reading)
1.500 0.500 359.3971
1.500 1.000 220.0809
1.500 1.500 45.8811
1.500 2.000 18.3536
1.500 2.500 7.8369
1.500 3.000 3.8321
1.500 3.500 2.5563
1.500 4.000 1.4301
2.000 0.500 390.1185
2.000 1.000 122.2857
2.000 1.500 27.1361
2.000 2.000 12.2501
2.000 2.500 5.8934
2.000 3.000 4.6006
2.000 3.500 1.7587
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2.000 4.000 1.3395
2.500 0.500 94.4859
2.500 1.000 76.4497
2.500 1.500 18.7178
2.500 2.000 12.4026
2.500 2.500 5.4208
2.500 3.000 3.6333
2.500 3.500 1.5284
2.500 4.000 1.2596
3.000 0.500 240.1806
3.000 1.000 40.4824
3.000 1.500 23.6405
3.000 2.000 15.7673
3.000 2.500 6.8917
3.000 3.000 2.8141
3.000 3.500 1.4763
3.000 4.000 1.3086
3.500 0.500 222.3808
3.500 1.000 46.8631
3.500 1.500 31.9323
3.500 2.000 11.6822
3.500 2.500 7.4515
3.500 3.000 2.7447
3.500 3.500 1.6677
3.500 4.000 1.4502
4.000 0.500 119.7860
4.000 1.000 100.2680
4.000 1.500 34.0629
4.000 2.000 14.8494
4.000 2.500 8.0832
4.000 3.000 3.0814
4.000 3.500 1.9719
4.500 0.500 262.4874
4.500 1.000 73.3203
4.500 1.500 34.3183
4.500 2.000 16.9483
4.500 2.500 7.6286
4.500 3.000 3.1691
4.500 3.500 2.4036
5.000 0.500 130.5220
5.000 1.000 46.7914
5.000 1.500 37.2959
5.000 2.000 19.0742
5.000 2.500 6.6095
5.000 3.000 3.4937
5.000 3.500 2.6345
5.500 0.500 93.2633
5.500 1.000 60.8761
5.500 1.500 35.7217
5.500 2.000 20.0120
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5.500 2.500 5.9829
5.500 3.000 3.8252
6.000 0.500 77.8402
6.000 1.000 108.4996
6.000 1.500 36.4851
6.000 2.000 14.6632
6.000 2.500 5.8817
6.000 3.000 3.4944
6.500 0.500 103.1920
6.500 1.000 88.3998
6.500 1.500 45.8225
6.500 2.000 12.8979
6.500 2.500 5.7149
6.500 3.000 2.7735
7.000 0.500 218.1545
7.000 1.000 76.3115
7.000 1.500 44.6197
7.000 2.000 10.4400
7.000 2.500 4.1858
7.500 0.500 225.0584
7.500 1.000 104.7890
7.500 1.500 31.9544
7.500 2.000 8.2627
7.500 2.500 3.7552
8.000 0.500 260.7811
8.000 1.000 156.4071
8.000 1.500 32.2580
8.000 2.000 11.1322
8.000 2.500 5.8502
8.500 0.500 317.1607
8.500 1.000 106.0672
8.500 1.500 25.5064
8.500 2.000 11.8250
9.000 0.500 261.1095
9.000 1.000 66.0052
9.000 1.500 26.9215
9.000 2.000 14.3803
9.500 0.500 213.5426
9.500 1.000 68.3409
9.500 1.500 35.2871
9.500 2.000 18.2788
10.000 0.500 198.0978
10.000 1.000 80.5796
10.000 1.500 31.7391
10.500 0.500 161.0615
10.500 1.000 56.1995
10.500 1.500 17.9002
11.000 0.500 140.8613
11.000 1.000 30.8888
11.000 1.500 19.0910
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11.500 0.500 56.3125
11.500 1.000 28.7657
12.000 0.500 50.2675
12.000 1.000 21.5620
12.500 0.500 94.8244
12.500 1.000 51.4183
13.000 0.500 47.1328
13.500 0.500 128.2540
14.000 0.500 150.1300
0,0,0,0,0
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B2 Adjusted resistivity data

Cameley church interior
0.5
1
148
0
0
0 0.5 1503.3915
0 1 406.1408
0 1.5 345.5265
0 2 250.8044
0 2.5 157.5966
0 3 76.2568
0 3.5 81.1677
0 4 28.9131
0.5 0.5 1124.6657
0.5 1 624.6352
0.5 1.5 696.8002
0.5 2 376.8251
0.5 2.5 138.0234
0.5 3 70.1206
0.5 3.5 48.4879
0.5 4 32.5304
1 0.5 1135.8080
1 1 1671.8176
1 1.5 1137.7165
1 2 291.8467
1 2.5 175.3250
1 3 89.1697
1 3.5 59.1592
1 4 32.5304
1.5 0.5 1128.5069
1.5 1 1382.1081
1.5 1.5 432.2000
1.5 2 230.5212
1.5 2.5 123.0393
1.5 3 72.1968
1.5 3.5 56.1875
1.5 4 35.9241
2 0.5 1224.9721
2 1 767.9542
2 1.5 255.6221
2 2 153.8613
2 2.5 92.5264
2 3 86.6753
2 3.5 38.6562
2 4 33.6482
2.5 0.5 296.6857
2.5 1 480.1041
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2.5 1.5 176.3217
2.5 2 155.7767
2.5 2.5 85.1066
2.5 3 68.4514
2.5 3.5 33.5942
2.5 4 31.6412
3 0.5 754.1671
3 1 254.2295
3 1.5 222.6935
3 2 198.0373
3 2.5 108.1997
3 3 53.0176
3 3.5 32.4491
3 4 32.8720
3.5 0.5 698.2757
3.5 1 294.3003
3.5 1.5 300.8023
3.5 2 146.7284
3.5 2.5 116.9886
3.5 3 51.7101
3.5 3.5 36.6560
3.5 4 36.4290
4 0.5 376.1280
4 1 629.6830
4 1.5 320.8725
4 2 186.5085
4 2.5 126.9062
4 3 58.0536
4 3.5 43.3424
4.5 0.5 824.2104
4.5 1 460.4515
4.5 1.5 323.2784
4.5 2 212.8706
4.5 2.5 119.7690
4.5 3 59.7058
4.5 3.5 52.8311
5 0.5 409.8391
5 1 293.8500
5 1.5 351.3274
5 2 239.5720
5 2.5 103.7692
5 3 65.8213
5 3.5 57.9063
5.5 0.5 292.8468
5.5 1 382.3019
5.5 1.5 336.4984
5.5 2 251.3507
5.5 2.5 93.9315
5.5 3 72.0668
6 0.5 244.4182
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6 1 681.3775
6 1.5 343.6896
6 2 184.1698
6 2.5 92.3427
6 3 65.8345
6.5 0.5 324.0229
6.5 1 555.1507
6.5 1.5 431.6480
6.5 2 161.9976
6.5 2.5 89.7239
6.5 3 52.2527
7 0.5 685.0051
7 1 479.2362
7 1.5 420.3176
7 2 131.1264
7 2.5 65.7171
7.5 0.5 706.6834
7.5 1 658.0749
7.5 1.5 301.0104
7.5 2 103.7795
7.5 2.5 58.9566
8 0.5 818.8527
8 1 982.2366
8 1.5 303.8704
8 2 139.8204
8 2.5 91.8481
8.5 0.5 995.8846
8.5 1 666.1020
8.5 1.5 240.2703
8.5 2 148.5220
9 0.5 819.8838
9 1 414.5127
9 1.5 253.6005
9 2 180.6166
9.5 0.5 670.5238
9.5 1 429.1809
9.5 1.5 332.4045
9.5 2 229.5817
10 0.5 622.0271
10 1 506.0399
10 1.5 298.9823
10.5 0.5 505.7331
10.5 1 352.9329
10.5 1.5 168.6199
11 0.5 442.3045
11 1 193.9817
11 1.5 179.8372
11.5 0.5 176.8213
11.5 1 180.6486
12 0.5 157.8400
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12 1 135.4094
12.5 0.5 297.7486
12.5 1 322.9069
13 0.5 147.9970
13.5 0.5 402.7176
14 0.5 471.4082
0,0,0,0,0
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B3 RES2DINV processed data as XYZ file

Note that this is the first part of the file only

/Name of survey line is Cameley church interior
/Number of blocks is 168
/The x and z coordinates of the centres of the model blocks, and
/The resistivity and conductivity of each block is given below.
/        X           Depth    Resistivity  Conductivity

0.750 -0.125     3395.300       0.000295
1.250 -0.125      672.550       0.001487
1.750 -0.125      367.110       0.002724
2.250 -0.125 670.130       0.001492
2.750 -0.125     2859.100       0.000350
3.250 -0.125     1078.000       0.000928
3.750 -0.125     1410.000       0.000709
4.250 -0.125      616.540       0.001622
4.750 -0.125      226.000       0.004425
5.250 -0.125      497.400       0.002010
5.750 -0.125      408.650       0.002447
6.250 -0.125      247.040       0.004048
6.750 -0.125      201.300 0.004968
7.250 -0.125      300.650       0.003326
7.750 -0.125      561.930       0.001780
8.250 -0.125      507.090       0.001972
8.750 -0.125      717.080       0.001395
9.250 -0.125 1153.700       0.000867
9.750 -0.125      847.950       0.001179
10.250 -0.125      429.840       0.002326
10.750 -0.125      343.240       0.002913
11.250 -0.125      337.470       0.002963
11.750 -0.125      415.630       0.002406
12.250 -0.125      312.940       0.003196
12.750 -0.125      424.600       0.002355
13.250 -0.125      780.800       0.001281
13.750 -0.125      190.930       0.005238
14.250 -0.125      342.830       0.002917
14.750 -0.125      193.040       0.005180
0.750 -0.387     1139.500       0.000878
1.250 -0.387     6207.700       0.000161
1.750 -0.387     8765.600 0.000114
2.250 -0.387     1768.300       0.000566
2.750 -0.387      513.000       0.001949
3.250 -0.387      529.770       0.001888
3.750 -0.387      553.320       0.001807
4.250 -0.387     1164.900       0.000858
4.750 -0.387     5495.300       0.000182
5.250 -0.387     1134.200       0.000882
5.750 -0.387      372.450       0.002685
6.250 -0.387      406.620       0.002459
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6.750 -0.387      402.270       0.002486
7.250 -0.387      326.720       0.003061
7.750 -0.387      742.120       0.001347
8.250 -0.387     3359.300 0.000298
8.750 -0.387     2859.700       0.000350
9.250 -0.387     1558.400       0.000642
9.750 -0.387     1475.900       0.000678
10.250 -0.387     1306.200       0.000766
10.750 -0.387     1464.700       0.000683
11.250 -0.387     2091.300       0.000478
11.750 -0.387      322.980 0.003096
12.250 -0.387      102.650 0.009742
12.750 -0.387      142.310       0.007027
13.250 -0.387       51.090         0.0196
13.750 -0.387      222.620       0.004492
14.250 -0.387 332.920       0.003004
14.750 -0.387 4207.700       0.000238
1.250 -0.676     1062.700       0.000941
1.750 -0.676     1164.100       0.000859
2.250 -0.676     1341.700       0.000745
2.750 -0.676      488.870       0.002046
3.250 -0.676      323.680       0.003089
3.750 -0.676      358.870       0.002787
4.250 -0.676      641.040       0.001560
4.750 -0.676     1019.100       0.000981
5.250 -0.676     1060.400       0.000943
5.750 -0.676      371.340       0.002693
6.250 -0.676      395.940       0.002526
6.750 -0.676      389.380       0.002568
7.250 -0.676      332.120 0.003011
7.750 -0.676      587.140       0.001703
8.250 -0.676     2001.800       0.000500
8.750 -0.676     1597.200       0.000626
9.250 -0.676     1420.400       0.000704
9.750 -0.676 1364.200       0.000733
10.250 -0.676     1313.800       0.000761
10.750 -0.676     1461.900       0.000684
11.250 -0.676     2038.900       0.000490
11.750 -0.676      330.090       0.003029
12.250 -0.676       86.522         0.0116
12.750 -0.676       67.601         0.0148
13.250 -0.676       29.985         0.0334
13.750 -0.676       51.978         0.0192
14.250 -0.676      242.860       0.004118
2.250 -0.994     1197.400       0.000835
2.750 -0.994      127.720       0.007830
3.250 -0.994      135.180       0.007398
3.750 -0.994      138.800       0.007205
4.250 -0.994      139.200 0.007184
4.750 -0.994      144.400       0.006925
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5.250 -0.994      146.430       0.006829
5.750 -0.994      155.040       0.006450
6.250 -0.994      131.800       0.007587
6.750 -0.994 95.682         0.0105
7.250 -0.994       91.791         0.0109
7.750 -0.994       91.310         0.0110
8.250 -0.994      131.270       0.007618
8.750 -0.994      141.690       0.007058
9.250 -0.994      158.140       0.006324
9.750 -0.994      273.480       0.003657
10.250 -0.994      290.910 0.003437
10.750 -0.994      355.390       0.002814
11.250 -0.994      357.490       0.002797
11.750 -0.994      225.450       0.004436
12.250 -0.994       87.547         0.0114
12.750 -0.994 65.853         0.0152
13.250 -0.994       48.321         0.0207
3.250 -1.343      126.940 0.007878
3.750 -1.343      147.050       0.006800
4.250 -1.343      121.900       0.008203
4.750 -1.343      117.750       0.008493
5.250 -1.343      111.480       0.008970
5.750 -1.343 97.472         0.0103
6.250 -1.343       59.598         0.0168
6.750 -1.343       35.458         0.0282
7.250 -1.343       31.547         0.0317
7.750 -1.343       31.525         0.0317
8.250 -1.343       33.248         0.0301
8.750 -1.343       36.760         0.0272
9.250 -1.343       40.502 0.0247
9.750 -1.343       52.056         0.0192
10.250 -1.343       71.704         0.0139
10.750 -1.343       97.229         0.0103
11.250 -1.343       97.500         0.0103
11.750 -1.343       96.014         0.0104
12.250 -1.343       88.550         0.0113
3.750 -1.728      175.400       0.005701
4.250 -1.728      129.610 0.007715
4.750 -1.728      118.950       0.008407
5.250 -1.728       85.150         0.0117
5.750 -1.728       52.977         0.0189
6.250 -1.728       27.395         0.0365
6.750 -1.728 16.577         0.0603
7.250 -1.728       13.712         0.0729
7.750 -1.728       13.383         0.0747
8.250 -1.728       13.410         0.0746
8.750 -1.728       13.499         0.0741
9.250 -1.728       13.673         0.0731
9.750 -1.728       14.439         0.0693
10.250 -1.728       20.891         0.0479
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10.750 -1.728       46.333 0.0216
11.250 -1.728       63.680         0.0157
11.750 -1.728      124.450       0.008035
4.750 -2.150      120.800       0.008278
5.250 -2.150       31.169         0.0321
5.750 -2.150 12.390 0.0807
6.250 -2.150        6.729         0.1486
6.750 -2.150        4.694         0.2131
7.250 -2.150        4.267         0.2344
7.750 -2.150        4.248         0.2354
8.250 -2.150 4.239         0.2359
8.750 -2.150        4.239         0.2359
9.250 -2.150        4.249         0.2353
9.750 -2.150        4.276         0.2339
10.250 -2.150        4.336         0.2306
10.750 -2.150       11.584         0.0863
5.250 -2.615        6.041         0.1655
5.750 -2.615        4.408         0.2269
6.250 -2.615        4.358 0.2294
6.750 -2.615        4.315 0.2318
7.250 -2.615        4.268         0.2343
7.750 -2.615        4.247         0.2355
8.250 -2.615        4.237         0.2360
8.750 -2.615 4.237         0.2360
9.250 -2.615        4.247         0.2354
9.750 -2.615        4.275         0.2339
10.250 -2.615        4.348         0.2300


