MAGNETIC RESONANCE

SOUNDING:

step-by-step operation of NUMIS systems

The Magnetic Resonance Sounding method (MRS):

The MRS is the only non-invasive method which
directly studies groundwater reservoirs
from surface measurements:
A pulse of current, at a given frequency,
is transmitted into a loop.
The signal produced in return by the H protons
(water molecules) is measured within the same loop.

Excitation PMR
pulse signal
Water layer H protons

Principle of the MRS method

Main unit

NUMIS Lite, down to 50m depth
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IRIS

INSTRUMENTS

How to carry out

a Magnetic Resonance Sounding ?

1- Measure the Earth magnetic field

to know the frequency to apply

2- Transmit a pulse of current

into a loop, at this frequency

3- Measure the amplitude

of the water MR signal (~ porosity)

4- Measure the time constant

of the signal (~ mean pore size)

5- Change the pulse intensity

to madify the depth of investigation

6- Use the inversion program

to get the porosity versus the depth
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DIRECT DETECTION
OF GROUNDWATER

water content
permeability estimate
depth of water layers

Eo: Initial amplitude of signal (nV)

Proportional to the water content (%)
T2*: Decay time constant of signal (ms)

Related to the mean pore size (permeability)
|. at: Excitation pulse moment, Q , (A.ms)

Related to the investigation depth (m)

Raw data and interpretation results
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NUMIS Poly, down to 100-150m depth



MRS DATA ACQUISITION: FIELD SET-UP

SET-UP THE LOOP WIRE it i NUMIS Lite NUMIS Poly NUMIS Poly
conditions pe (1 converter) (2 converters)

- set-up the cables of the |loop : X ;
according to the investigation 240m wire length 400m wire length 600m wire length
depth and to noise conditions. L= 60m
- the maximum investigation i max depth 50m L= 100m L= 150m
depth mentioned in the table is standard LI | or L= 30m 2 tuns | max depth 100m | max depth 150m
given for a resistive ground. max depth 25m
- in case of high noise, use the
noise-tester to select the places. L= 30m L= 50m L= 78
- The main diagonal of the eight- noisy . max depth 25m | max depth 50m | max depth 75m
shape loop must be set paralle! to eight | | e
power lines to minimize the noise rq“‘"'

NOISE SOURCES IN MRS MEASUREMENTS

- ACTIVE CONDUCTORS ' POWER LINES, INDUSTRIAL ACTIVITY, HOUSES,
RADIO ANTENNAS, MOTORS, PUMPS,

TN

- PASSIVE CONDUCTORS' BURIED PIPES, FENCES,

3 T

-NATURAL FIEDS: CYCUIC SOLAR ACTIVITY, RAIN AND MAGNETIC STORMS

X R4

MEASURE THE EARTH MAGNETIC FIELD

- with a standard magnetometer, take readings of the
amplitude of the Earth magnetic field every 10m in two
perpendicular lines over the loop surface.

- compute the average amplitude B, the Larmor
resonance frequency is f (Hz) = 0.04258 x Bn (nT).

- the lateral variation of the amplitude should be lower
than +/- 20 nT for good measurements (~ +/~ 1 Hz)

BEFORE STARTING

- CAPACITOR TUNING: as the loop is mainly inductive,
capacitors have to be used to increase the maximum
current available in the loop. This operation has to be made
manually, after the introduction of the frequency: the screen
of the PC displays the combination of capacitors to apply.
Usually, a given combination is convenient for an area
several tens km wide

- PULSE MOMENT NUMBER: a pulse moment value
determines the depth of investigation. To carry out a full
sounding, usually 10 pulse moments are sufficient for
NUMIS Lite, and 16 for NUMIS Plus. The values of the
moments (logarithmically spaced) are automatically fixed
once their number has been introduced

- STACKING NUMBER: the stacking number has to be
determined in relation with the local noise level and the
signal level. It can be set for instance to 64, 86, 128, 192...

- PRELIMINARY SOUNDING: before starting the full
sounding, it is recommended to camry out a preliminary
sounding with 3 or 5 pulse moments, on the one hand to
confim the frequency to use (1 to 2 Hz difference can be
observed with the magnetometer value, due to the
variations of the Earth field), on the other hand to determine
the stack number to use to get an adequate data quality

MEASURE THE GROUND MAGNETIC
SUSCEPTIBILITY

- measure the magnetic susceptibility of the ground or
of the outcrops in various places around the loop area.

- for susceptibility values lower than 107 SI units, the
MRS measurements are usually good. Between 107 and
10” they may be good or difficult to carry out, depending
on sites.

- above 107 Sl units, which is often the case in volcanic
rocks, no MRS signal is usually observed from water.

PRACTICAL ASPECTS

Two 12V batteries supply
NUMIS Lite and NUMIS Plus when
used with 1 converter. Four of
them are necessary for NUMIS
Plus with 2 converters

- the PC needs a separate battery

- it is recommended fo recharge
the batteries every night, even if
sometimes one set can last 2 days
- tighten all the equipment cords
including the battery cords, and all
the loop cables, because of high
currents going through the loop

- do not touch any cable during
measurement due to high voltages

f} area: date:

ilg MAGNETIC RESONANCE SOUNDING DATA SHEET equipment: operator:

start end duration | sounding | square | &sgquare field (nT) frequency | moment | stack | noise | Qmax | Vmax | iImpedance | capacitors
time | tme (homn} | file name | side{m) | side (m) | A field (nT) (Hz) i # V) | {Ams] | (dc V) {ohm) (€1, C2)
915 | 10:30 115 Test_01 B0 46 145 +4 10 1965 8 10 64 1200 | 4000 110 548 (1-2; 1-1)




MRS DATA ACQUISITION: CONFIGURATION WINDOW

The Prodiviner NUMIS The “system” A / S °
acquisition software basically window gives __| Y o < T o
consists in three windows : the shape of the | ™ === RW R -
- the “configuration” window for current (A) versus NN g” o o»l'
initialising the measurement (this time (ms), also —— : v .\ v
o 0
page) measurements 0 20 40 ' ; '
- the “signal” window for following of converter voltage, ‘T. .’
up the readings (next page) output currert, e T o W
: output voltage, ® QoL
- the “system” window for battery voltage T Laop cuttent (4) 12681 O D P
checking some technical gain factor Tuloopvamge(y): 67363 .m
parameters (see right) »1 phase signal, Bateries (V) 218 : ¢ ®
A combination ‘of tuning capacitors

has to be manually set-up, in relation
with the frequency and the size of the
loop; click on the icon to know the
combination to apply (see above)

Introduce the value of the
Earth magnetic field given
by the magnetometer

Introduce the shape (square,
eight-square, ...) and the

“configuration” window ; .
dimension of the loop

'-"3 ProDivin« .
Fi Don
1 Configuration |

Help  HardTest

Signal | & System j

Seftings Data soupding storage File zatiings
Frequency and Moments —

ect target directory & Browse (5 Default |

Lamor requancy (Hz) |1965.8

Dataipyia3im-Zpulses

o Sio & Lood |
satat S rlanmann’ |
gensrator-uning select the number of ]
[ Automatic DeDovoltage capaciorns pulse moments: usually bl saveas |

10 for NUMIS Lite, 16 for

I = Mumber of momeanis <0 ]TU ;
NUMIS Poly thass iy
set the stack number: ndiiis
i ppe kg should be
ey o 81RO A T S8 Advenced setings modified only for
Stacking Type of filter Pulse par R&D purposes
Auto. stack number ~ Maofiter

Pulse duration (ms)

User defined stack number. (54 o
‘@ High cutfiter (dataultwalus)

Fecording trme <FID> (ms)

[~ Weighted Svarsge

" Motch filer wids bandwidth T1 (with a double-
pulse technigue) gives
a quantitative estimate
of the permeability in
case of good quality
readings, but requires
an acquisition time
greater than T2* which
uses a single-pulse

[ Stack under noiss levsl Time constant analysis

Motch filter namow bandwidth (" Single pulse <T2*>
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Input voltage range (4 000 to 200 000nV): take ‘automatic’,

except in case of repetitive bad stacks, where the pre-
selected value has to be increased (see next page)

NUMIS Lite

pFA

Use the notch filters when power lines
are close to the sounding place: “wide"

if Af > 5 Hz, “narrow" if Af <5 Hz

Use the ON / | Once the various parameters have been introduced, e R e
OFF ec':ey to press the “start” key: enter the name of the file where Skarage dheclry obcument dess ounding: DaiPYLATIN

conn or ; : ~

el A the data will be stored. Then: i

NUMIS t 1 = N - Overwrite current cirectory

equipment 10 Calibration in progress 1

the PC please wait... * Posiort s spociic mament 0 [ 3

" Restartsounding fiom a specic moment<0> | | o
ancs

At the end of this receiver tuning period (about 2
minutes), a few test pulses are transmitted, then the
“signal” window is displayed (see next page)

T




MRS DATA ACQUISITION: SIGNAL WINDOW

in red: sounding curve: initial amplitude Eq
(nV) versus the pulse moment Q (A.ms)

in_black: noise curve (nV) versus pulse
moment Q

in_dash line: time constant T2* (ms) versus
pulse moment Q

HOW TO RECOGNIZE A MRS SIGNAL ?

- the “signal” curve must be above the “noise” curve, after stacking
- the "signal” curve must be decaying, decreasing from left to right

- the frequency of the signal measured after the stacking has be close
to the frequency of the current transmitted (+/- 1 to 2 Hz maximum)

D | |
File MMuNicaEg ; swn;‘w nsignaln Window
+ Cofiguratiod, & Signal | Sysmm|
S — 238 18 Lope
signal initial
L amplitude Eg
2, F / stacked envelop of the relaxation signal
S 50 5 (response of the water molecules). versus
> e =4 \\ time, for a given value of the pulse moment
A A o T S
1o e - 200 40 ﬁ‘\,».,,_ -\_P\\g
Y
Pulse <03 {Ams) 283013 \‘_\ \
' : > ™, s \.
Amplitude <ED (nY) 348 o - ol P ‘.H\ &
! o ; : : i
Decay i <T2. (ms): 191 stacked noise versus time (the =
Frequency (Hz) 19636 noise is measured just before the A r/,-"‘
% excitation pulse is transmitted) \—~ S
S
5 P g S Pat _\/\n‘f)
" . T N | e e
real time analysis of the . ol il L s
signal being acquired :
pulse moment value, initial
amplitude, T2* measured y
frequency, ... time (ms)
A i e [ abiont N\
Larmot frequency (Hz) 19658 Fegainfactor - 10220 Loop impedance = 581 anjW Estimated remaining ime 00:03
S : — = a
,,7 ; Sl 5 L B0 N B [rwes & numistie (3
‘pause’ : this function ‘stop’ : this function the 64" stack of a series if the bad stack capacity of the batteries
freezes the acquisition manually stops the of 64 is currently number becomes 25V = 100%, 20V = 0%
until  the button is acquisition acquired, for the 9 large, increase the
pressed again moment of a series of 10 voltage range
e . Customization...
After a stacking is finished for a given pulse moment (1, el s 3¥ckingi?1ug:
‘IO‘“), a text file including the time samples of the noise, the current Subsets  Awis | Stie | s arrcan
and the signal is stored (file.1, file.2, ..., file.10) Pl L K Is possitie
When the full sounding is finished (10 or 16 pulse moments), a Fie  Min to modify the
synthetic text file is created (file.inp) which summarizes the main  Max graphic units,
parameters acquired: pulse value, signal amplitude, time constant @ Minfhax by fixing the
T2* noise, frequency,...). din e min and max
. . : : . F100 0000 [600.0000 values for
Also, a compact binary file (.mrs) includes all previous information : A ’
X Aods each axis:
) , = Al here the
N ulse signal T2 noise Udc frequenc ase @ Linesr 2
" = v - r Loo Win received
example | 86 4148 700 20768 6 1960.68 134 Mex signal from —
ki 2 167 4487 1000 23740 7 1963.93 234 @ MinfMax 100 to 800nV
of “.inp” 3 294 55,02 291 11249 10 1965.15 270 Min Max (Y axis). and
synthetic 4 444 87.71 662 11738 14 1963.91 252 (2 0000 2508000 pii
sounding 5 644 11979 550 11099 19 1962.54 221 the time from
file 6 949  198.07 129 11739 27 1963.38 232 | | -20 to 250ms
> 7 1416 20194 194 8869 39 1963.40 232 Ok Cancel X axis
8 2021  306.11 146 11024 55 1963 .48 220 ( )
9 2781 34548 215 11137 78 1963.78 222
10 3740 33811 290 8917 110 1963.48 221



MRS DATA INTERPRETATION: CONFIGURATION WINDOW

& MRS computing = e
MATRIX COMPUTATION ——— Tl —
Before inverting sounding data, it is necessary to compute a matrix with Txloop —
the Nmr.exe program which takes into account the following parameters: — o ;.—3 o
- the type and size of the loop e ot .2
- the frequency (at this stage, at +/- 100Hz) 1 st camgnm— = | |5
- the inclination of the Earth magnetic field (at +/ 10°) ——— -
- the resistivities and the depths of the various geoelectrical T — =
layers: the excitation and response fields are indeed e o | Il S
attenuated in conductive layers, which must be taken into === Save| TiFileor  Soate|
account for quantitative interpretation, specially for values of Skt M-S (m) [T =
resistivities lower than 200 ohm.m swinw-C o L OK | cancel
The computation takes a few minutes. The matrix file stored at the end T
of the computation (“.mrm”) is suitable for all soundings of the same area. [ Rumbist | se | _tete | H I

F% numis 10 inversion

INVERSION COMPUTATION

- Click on “RUN Inversion” of the Samovar program —|
- Introduce the name of the matrix file (see above)
- Introduce the name of the data acquisition file
- Select “Running Filter” and “auto” parameters \
- Click on “OK". after a few seconds, the inversion

Run Inversion F5

ﬁ Inversion configuration

T

results are displayed on a set of curves (§ next page) \ Data Set
INVERSION OPTIONS i it ¢ Matrix
[CAMesdocumena\NUMIE_Fépeno  Browse ~ Data
- Eliminating noisy points: click "Blacklist®, "View",
then on the points chosen to be to discarded because™ NUMIS data = HBlacklist

they appear noisy ('good” becomes “"bad”. reversibly) \ (CAMesdocumerts\NUMIE_Fépeto  Browse | L" View |

- Filtering power line harmonics: click on “Notch
filter”, then on "60 Hz" or "50 Hz" according to the case, ) .
then on “Wide" if Af > 5 Hz, or on "Narrow" if Af < 5 Hz Signal processing

- Regularizing the solution: due to the equivalence " Handpass lilter v [ _J' ]

law, several models can fit the data. The coefficient “0” rocessing (ms)
concentrates the water (low contents, thin layers), ® Running aver. filter ¥ 5 ﬂ v W =
“1000" spreads the water (high contents, thick layers) [~ Notch filt £
- Changing the number of layers: in “auto’, the layer ~ 0 G G W 1
number is equal to the pulse moment number. In

“manual”, this number can be changed from 1 to 40,
which modifies the smoothness of the solution (model) Inversion parameters

- Fixing the depth of layers: in the "Layers editor”, Requl ti T ]
the depths of layers can be introduced and will be kept e
constant during the adjustment of the water contents. v ﬁo :JJ

- Changing the permeability coefficient: click on-J =  Au
“Cpx" to modify the standard value (see formula used - ¥ laute ;l @ ) i ]
for permeability on next page) ¥ Cpx m

Layers number Layers edrior

EE Blacklist of measurements C:\Mesdocuments\NL

record qiA-ms) é(n_\f‘]_ﬁ(hﬁ) freq(z

Cancel l Help |

) phaze(dear)
good 1 86 b4 1537 ZbbH2Z 1964 30 -105.48 -+
good 2 17234 3836 25809 196417 -8437
good 3 30517 4557 304864 196311 13447 —r:
good 4 46237 9537 18726 196424 10205 : i £% Matrix C:\Numis\Modelling\MATRIX01. MRM
g - . =
b

66TE0 10691 24514 196379 -119.65
96139 12668 27809 196384 -110568
146458 17303 27217  1964.10

[ This matrix has been calculated using following model

antenna

square sice = E00m matrix parameters .

goodT B8 208858 23643 18338 196376 -10885
good | § 287902 31745 18525 196347 11032
good | 10 33?1 »n A 8;44 25468 19@3.55 -96.41

—+ 1 ?

manually pulse signal measured
discarded moment amplitude frequency
point Ams nV Hz

gecmagnetic field:
nclinafion = 60 degr, Lemor frequency = 20000 Hz

geoelectrical secion
depth from 0.0 to 300 m. resistaaty 1000 obhm-m
depth from 30.0 10 1008 m; resistivity 500 0 chme-m

mex depth=500m CGmax=500010 Ams




MRS DATA INTERPRETATION: RESULT WINDOW

Signal relaxation curves (nV) versus
time (ms), for the various pulse
moments injected (smallest value on
bottom, highest one on top)

Sounding curve: initial amplitude (nV) of the signal relaxation Other graphs can be
curves for each value of the pulse moment (A.ms). Black dots displayed, such as noise,
are raw data, blue ones are noise, the red curve is the phase, T2* time
theoretical response of the model determined by the inversion constant, transmissivity
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Inversion result: water content (porosity), in
%, versus depth, in m. The colours of the
sectors are related to the value of the time

constant of the layer

§ NUMIS 1D inversion
load conﬁgumTJoTw
Ioad model

save current configuration
save as a model

default configuration

(type

and size of windows, scale values
for each window, ...) can be saved
in a "model" file, for easier future
processing

F

Inversion resuit: permeability, in m/s, versus depth, in m. The value of the
permeability is estimated through the following relation: permeability = Cpx x
porosity x (Tf)’; Cpx is a coefficient which can be modified in the configuration

window (see previous page), after calibration with results of pumping tests /

NUMIS 1D inversion

load NUMIS data

Run Configuration Graphics

[ ]

print selected GRAPH ClrjsAli+P

print all GRAPHS Cul+P

print options Q0

printer setup

save image of selected GRAFH Cirl=Alt=S

save image of al GRAPHs Cuk+S
permits to

print the graphs with or without
header (set-up option), and to save
the images of these graphs into a

file

The graphic scale of
a given window can

be medified by
clicking on the
window, then on
‘users”, then by
giving the min / max
‘ - values for each X
J oK and Y axis

INTERPRETATION RESULT FILE

After each inversion, an ASCI file is automatically
created (“nov” extension) including the depth,
thickness, water content, time constant and
permeability values of each layer, for an easy
export of these data to a data base software

Specifications subject to change without notice NT_NUM_SYN_GB_V1
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