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Introduction

Magnetic Resonance Sounding (MRS distinguished from other geophysical tools used for
groundwater investigation because of measurements of the magnetic resonance signal
generated by groundwater molecules. A pulse of alternating current energizes a wire loop set
up on the ground surfaand the MRS signal allows detecting groundwater with a high degree
of reliability. Measurements with varied pulse magnitudes then reveal the depth and thickness
of watersaturated layers. The hydraulic conductivity of aquifers can also be estimated using
boreholes for calibration. MRS can be used for both predicting the yield of water supply wells,
and for interpolation between boreholes, thereby reducing the number of holes required for
hydrogeological modeling.

SAMOVAR is a software for the MRED forward modelingaind inversiorfinverse modeling).
SAMOVAR is fully compatible with data issued from NUMISIUMISP-YS, NUMISPOLY,
NUMISAYTO and NUMIS'TE instruments fabricated by IRIS Instruments.

The following programs compose the SAMOVAR &aftware package:
1 SAMOVAR 6x7: computing- MRS linear filter (file: Samovar_6x7_comput.exe)

T SAMOVAR 6x7 modeling - 1-D forward modeling of MRS signals
(Samovar_6x7_mod.exe).

T SAMOVAR 6x7 inversion - data processing and-[1 inversion of MRS data
(Samovar_6x7_inv.exe).

I SAMOVAR 1 HYDRUS convertor - intersoftware data convertor
(Samovar_12xla HYDRUS_conv.exe)

System requirements

SAMOVAR 6x7 has been developed for Windows-I32 environment.lt works with the
Windows NT, XP and later versions, including Windows 10.

All the functionalities are guaranteed for the following PC configuration fbi@mum
requirements

1 WindowsNT, XP and later

1 Pentium Il microprocessor (800 MHaphdbetter
1 128 Mb RAM memoryand more

1 1024 x 768 screen resolutiandbetter

Installing SAMOVAR 6x7

For installing Samovar 6x7 you netedunzipt he compressed fil e ASamov
all the files toa folder in which youmayto read and writeF o r e X a Dpvorktst i C:
bookRSamovar 6x70.



1-Dforward modelingworkflow

The forward modelingprocedure allows computin/IRS signals correspondig to the
prescribed measuring conditiomsth a vertical profile of thewater content. The measuring
conditions comprise: the electrical resistivity of the subsurface; the magnitude and the
inclination of the geomagnetic field; the MRS measuring s@ta@ MRS signals are computed

in two steps: 1) the linear filteontains the parameters of the subsurface and of the measuring
setup; 2) the water conteand the relaxation times are added to the subsurface described by
the linear filter The output of theMRS forward modeling is data set simulatg experimental

data measured with the NUMMRS instrument.

1-D forward modeling

The
geoelectrical
model of the

subsurface

Y

Computing the

The linear filter

geomagnetic = —

field Rz Result
SR 4 * The amplitude and
1 Computing the the relaxation time
;ZZST;SQ MRS signal versus pulse
setup (Samovar_6x7 [ moment.
_mod.exe) + Time series
simulating an

experimental data

The water set.

content and the
relaxation times
versus depth

1-D inverse modeling (inversipworkflow

The inverse modeling (inversipmprocedure allows computinthe water content and the
relaxation time vertical profiles, considering the prescribed measuring conditions and
corresponding to measured or simulated MiRf@als. The measuring conditions comprise: the
electrical resistivity of the subsurface; the magnitude and the inclination of the geomagnetic
field; the MRS measuring setup. The MRS inversion routine allows fitting measured signals by
synthetic signalsamputed using an inverse model. The output oMIRS inverse modeling

is the inverse model that fits experimental data and composed of the vertical profiles of the
water content and the relaxation times.



1-D inverse modeling (inversion)

The
geoelectrical
model of the
subsurface I
The Computing the
. linear filter
g
geon;glg(]jnetlc (Samovar_6x7_ I
comput.exe)
y ) ) Result:
The MBS MRS inversion The water and the
measuring (Samovar_6x [ relaxation times
setup 7_inv.exe) versus depth
Measured MRS
signals

SAMOVARHYDRUS convertor

The SAMOVART HYDRUS data convertaallows two principatasks.
1) The MRSforward modelingsan be carried out usinige water content in the subsurface
provided by a water flownodelingwith theHYDRUS-1D software. The output of the
MRS forward modeling is a data set simulating experimental data measured with the
NUMIS MRS instrument.

SAMOVAR — HYDRUS data convertor
1) HYDRUS -> SAMOVAR

The
geoelectrical
model of the
subsurface !
The Computing the
q linear filter
eomagnetic |
g fi eI% (Samovar_6x7_ I Result:
comput.exe) »  The amplitude and
4 Computing the the relaxation time
;ZSME_IS MRS signal versus pulse
setzl 9 (Samovar_12x1a_ [™~*  moment.
P HYDRUS_conv.exe) + Time series
simulating an
The water 3 :)ec?erimental data
content :
computed with
HYDRUS 1-D

2) The water content in the subsurface provided by NMiRE8rsioncan be compared with
that provided by avater flow modelingcarried outwith the HYDRUS1D software.
The discrepancy between these two data sets may allow revising the water flow model
and/or the MRS inverse moddlhe joint inversion of the SAMOVAR and HYDRUS
1D data is not included in the SAMOVAR 6%dftware package.



SAMOVAR — HYDRUS data convertor
2) SAMOVAR ->HYDRUS

The water content
provided by MRS

inversion |
Making comparison Result:
between the water The discrepancy
content profiles ~* between the SAMOVAR
(Samovar_12x1a_ and HYDRUS water
HYDRUS_conv.exe) contents

The water content
computed with
HYDRUS 1-D




Chapter 1 SAMOVARXT. computingthe linear filter

Seting Tx/Rx loop
The first step comprises selecting the measuring loop.

i’ Set Tx/Rx loops - O x
" TIxloop
Loops position

wol Select Tx loop v
140 Size (m) |0 Turns [0

E 120 8-loop separat. (m) |g

£
bl Azimuth (degr) [0 jl
80
60

Draw ‘ Save ‘ Print |

T T d
00 50 10,0 150 200 250

East (m) 0K Cancel

Loop typessupportedoy SAMOVAR 6x7.

MRS Tx/Rx loop

Circular (type 1) Square (type 2) Eight (type 3) Eight square (type 4)

OB Y

Nurth .
Azimuth=0 1 A’z‘lmuth>0
Azimuth>0°

I
@ ﬂ Seperten? | Separstion,
I

@ Set Tw/Rx loops — O X
- Tx loop
Loops position
60 [square (type 2) IR
w© -
EX® eight (type 3)
g0 eight square (type 4)
z 20 Maahid: 7 L =i
40
50 me| Save ‘ Print ‘
60,0 40,0 20,0 0,0 20,0 40,0 60,0
East (m) 0K Cancel




Settingtheloop geometry.

& Set Te/Rx loops — [m] X
Tx loop
Loops position
60 [square (iype 2 INEY
40

Size (m) |80 Turns |1 5
8-loop separat. (m) |g

Azimuth (degr) [0 ﬁ

North (m)

g 5 5 .

Dlaw‘ Save | Print | {

60,0 40,0 20,0 0,0 20,0 40,0 60,0

East (m) 0K Cancel

The loopgeometrycan be visualizeddraw) saved as ammage Saveg or printed out Print).
OK button confirms the loop.

Setting computingonfiguration

# MRS computing O X
Parameters for computin Loops position
60
L fi H.
armor frequency (Hz) (0,0 0
Inclination of GMF (degr, — 201
(degr) j0.0 T
Hemisphere " North & South £ 0
=° -20
Max. depth (m) (0.0
-40
Pulse duration {ms) |0.0
(ms) w©
-60,0 40,0 -20,0 0,0 20,0 40,0 60,0
Max. pulse mom. (A-ms) (0,0 East (m)
[~ Ellipt. polar. Setloops

[~ Frequency shift

Geoelectrical cross-section
Depth Resistivity
Parameters From To {ohm-m)

l; Load E!_ 0.0 10000.0 Layers
Save "_ j‘

File
[ Run
Exit

The configuration window comprisésur majorsections

Parameters for computingnenuallow setting the information about the geomagnetic field

(GMF): the Larmor frequencyfO is proportional to the magnitude of the GMBO

(WO: 20 0:ngO); the GMF inclination, includinghe hemisphere of a measuring site; the

max depth of the linear filtertomputing(the recommended value is equal to 1.5 of the loop
size); the max value of the pulse momg@he recommended value is 1600ams) and pulse
duration (the recommended value is 40 ms); by selecting the elliptical polarization one will use
it instead of the linear one (select); the frequency shift between the measured signal frequency
and the pulsé&equency (both values are provided by the measuring device).

Loop positiongraph shows the loop geometSef loops.

Geoelectrical crossectiontable allows setting the number and geometry of the electrically
conductive layers in the subsurface.



Parameteramenuallows saving and loading computingnfigurations for the multiple use.
File section starts computirgf the linear filter(Run).

Frequency shifttable contains the frequency of measured signal versus pulse mdrhent
right-hand graph shows the signal frequency variation (black line) and the pulse frequency (red
line) plotted versus pulse moment. The graph can be scaled using the mouse buttons.

# Larmor frequency shift - m] x
Pulse Signal freq Larmor frequency shift
(A-ms) (Hz) 2006
40 1998 Zones = 2004
1200 2000 ’37 | = 2003
4000 2002 =l || &2z

3
o000 EXT £ 20
2 2000
1999
1998
0,0 5000,0 10000,0 15000,0
Pulse moment (A-ms)

{Scale auto |

OK Cancel

Computing runningwindow shows computingrogress, which can be cancelBdgak) before
finishing. TheRun list menuis not activated for the SAMOVAR 6x#rsion.

& Computing running — |
Computing info Break

EMfield IR
Integration
Model: 0/0

Run list

Computing resul trmmemm 6160 ekB) na maohfigirdtien é o mp u
i n anamenmeé 1l kB) . I't i s recommended to check
filter. Incorrect computing may cause problems for the forward modafidgnversion
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Chapter 2SAMOVAR 6xfbrward modeling

& MRS forward modeling for NUMIS system - O X
Sounding configuration (v Matix  Comments: |Wiite down your comments, please
NQ Q max ' Data
™ Data [i5 [i00o0 [ AddNoise ~__Info_|
N P1_FID1 D1 P2 FID2 D2 SE Make model
PLURN 40 240 20 40 240 0 1]
Load s
=
Data ¢y Load Make Y
| wate |||,
BMS[n¥V] a
Geoelectrical model E
E 1
Matrix |c.\ Load L
2
Water-saturated layers il
Layer Top Bot w(%) T2* DF T1 il T
0 Joo oo oo oo [lMEco Edit lavess q(A-ms)
Add - -
FID1: FID2: |, . pata
M —— Model Model
Clear | Auto | Zoom ‘ Save‘ Plinll l]uil|

Sounding configurationmenuallows setting:

1 The number of pulses and the max value optlise moment

1 The measuring sequenicems (Ni noiserecord, P1 the first pulse, FID1 the signal
record, D1i the first delay, P2 the second pulse, FID2the signal record, DP the
second delay, Skthe signal recond

1 These parameters can be set equal to the data set parahmed€e)jsThe data set file
finame.nowis generated by the inversiooutine. Raw data cannot be loaded.

1 A random noisean be added to the synthetic time seratd(Noiseg:

B2 Add Noise - m| P

[~ Random Noise LEicliRes

o

0 nVY 2

[~ Manual signal

E(¥) T2(ms] Ph(’) DF (Hz)
[0 [0 [0 [0

Cancel |

For testing the data processing, the synthetic records can be filtered with a notch filter and a
manual signal with known parameters can be used.

Geoelectrical modek provided by the linear filtea | s 0 n otheaatrexad Lo@ds i

Watersaturatedlayerstable allows setting the top and the bottom of wasdurated layer with

the water content (in %), the relaxation time and the frequency shift for each layer. The table
can be ededtlayaet® uBiungoims. MRSnrespanse gurespondng to the
table, just doublkelick selectin one of the table cells. Each signal parameter can be increased
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or decr east+e d ofb ybiwtsti oRigS (ML dectianhTae roemeansquaresrror
between the synthetic and the measured signals will be automatically computed if a data set is
loaded.This option allows fitting the experimental signal by the synthetic one.

Info button allovs a verification of the linear filtefmatrix):

i" Matrix C:\D\work\tst-book\data-book\matrix\sq80-example.mrm x

This matrix has been calculated ysing following mode! ;

antenna:
square, side =800 m

geomagnetic field:
inclination = -55 degr.; Lammor frequency = 2000,0 Hz

geoelectrical section:

depth from 0,0 to 20,0 m; resistivity 10,0 ohm-m
depth from 20,0 to 40,0 m; resistivity 80,0 ohm-m
depth from 40,0 to 300,0 m; resistivity 300,0 chm-m

max. depth = 1200 m: Omax = 16000,0 A-ms

0K

As well as the dataummary provided by the inversiooutine

@ Data Set CA\D\work\tst-book\data-book\models\model-1\model-.. X

Model: Write down vour comments, please P A
Loop: 2-80.0xM Date: 18.06.2021; Time: 17:10

NUMIS data set: C:A\Dwork'tst-bookhdata-book \models\model-14model-demo-1.ing
matrix: C:AD\work\tst-book \data-book \matrix\sgB80-example.mrm

loop: square, side = 80.0 m

geomagnetic field:

inclination=-55 dear, magnitude= 4634836 nT

filtering window = 200.0 ms
bandpass = 10.00 Hz
peimeability constant Cp = 7.00e-09

avetage 5/N =12801.92; EN/IN = 0.00
mean_noize = 000 iV
fitting emor
RMSE FIDT = 1.71 n¥
RMSEFIDZ= 248nV
RMSE T1= 288ms
param. of reqular. (PR)
FRw= 160
PRT1=171117

0K

Make modelmenuallows either to compute the set of synthetic data or to load previously
saved model.

Graphical menuin the righthand side of the processing window allows visualizing synthetic
and experimental signals. The graph can be scaled th@mgouse buttons as well Aasto and
Zoombuttons, savedSave and printed outHrint).

Comments window allows adding a short description of the model to the set of generated
synthetic data.

12



& MRS forward modeling for NUMIS system

Sounding configuration

" Matrix
NQ e @ Data
¥ Data [ig 120000 I~ Add Noise __Info_|
M P1_FID1_D1_P2 FIDZ D2 SE Make model
P40 240 20 40 240 0 0
Load
Data |[C:\D\workitstbook\databookimod:  Load
RMS[nV]
Geoelectrical model
Matrix |CADworkitst-book \databookimatit Load L 25
2 177
Water-saturated layers
-| #|
Layer Top Bot w(%) T2~ DF T1
Edit layers

0 [2000 4000 2000 20000000 [OOGN
Add
Delete
Clear

Comments: |ll is a demo model

300

250

[

1=}

S
I

amplitude (nV)
@
g

=3
=)

w
S
L

T T
0 5000 10 000

q (A-ms)

FIDI: [.. pata FID2: ++ Data
—— Model —— Model

13




Chapter 3SSAMOVAR 6xihversion

Main windowcontainsthe menu bar and thext box.The focus can be set tois window by
using the shortcut FIhe £xt boxsummarizeshe data processirand inversiorresults The
menu bar running inversion and configuring the inversion workspace.

# NUMIS 1D inversion

- O X

File Run Configuration Graphics Windows

|Modet 1tis a demo model
Loop: 2-800xN Date: 18.06.2021; Time: 17:47

MNUMIS data set: C:\D\worktst-book data-book smodels\model-1\model-dema-1.inp
matriz C:ADYwork\tst-book \data-book\matrixisqB0-example. mm

loop: square, side = 80.0m
geomagnetic field
inclination=-55 degr, magnitude= 46948.36 nT

filtering window = 200.0 ms
bandpass = 10.00 Hz
permeability constant Cp = 7,00e-09

average 5/MN =12901.11; EN/IN = 0.00

mean_noise = 000 n\

fitting emror
AMSE FID1 = 1.71n¥
RMSE FIDZ= 248nY
AMSE T1= 288ms

param. of regular. [PR)
PRw= 160
PRT1=121.117

number of layers = 16

number of pulse moments = 16

R

File menu with the shortcuts allows loading recorded time series (signals) or results of the
previous inversionprinting out or saving graphical representation of the inversion resuts
closing graphs. The Flshortcut can be used for exit the inversion program.

& NUMIS 1D inversion - O X
File Run Cenfiguration Graphics Windows
load NUMIS data > inversion results Ctrl+N
print selected GRAPH Ctrl+Alt+P signals CutrAlt+N
print all GRAPHs Ctrl+P
print options Ctrl+0
printer setup
save image of selected GRAPH Ctrl+Alt+S
save image of all GRAPHs Ctrl+S
close GRAPH
close all GRAPHs
Exit F10

Run menu allows starting inversianSAMOVAR 6x7 program supports the amplitude
inversion Inversion of complex signals is not included in this version.

& NUMIS 1D inversion

File Run Configuration Graphics Windows

- O X

Welce Run Inversion Fs |u3\

14



Configuration menu allows saving and loading different configurations of the graphical
windows in the workspace. Each configuration is automatically saved as the current
configuration. Diferent configurations can be saved or loaded as specific models. The
workspace can be configured by loading the current configuration, one of the previously saved
models, or using the default configuration.

& NUMIS 1D inversion — O %

File Run Configuration Graphics Windows

‘welcome to N load configuration

load model

save current configuration

save as a model

default configuration

Graphics menuallows appointing graphs to the selected by the mouse graphical window in
theList mode or selecting graphs for using in Bal mode.

# NUMIS 1D inversion - O X
File Run Configuration Graphics Windows
[{Modet: 1tis a demo model XY FID1(D)
Loop: 2-800xN Date: 18.06.;
amplitude FID1(t)
NUMIS data set; C:\D\worktst-t {demo-1.inp

matrix C:ADvworktst-bookdata: phase FID1(t)
loop: square. side = 80.0m amplitude FID1(g)

geomagnetic field:
inclination=-55 degr, magnitude= T2* FID1(q)
phase FID1(g)

fitering window = 200.0 ms
bandpass = 10.00 Hz

permeability constant Cp = 7.00¢ frequency(q)

average S/N =12901.11: ENAY Enbent el
mean_noise = 0.00 nY
fitting emor

BMSEFIDT = 1.71 ¥/

L O O S S

mean signals(q)

RMSE FID2 = 248 nv XY FD2()
RMSE T1= 288ms amplitude FID2(t)
param. of regular. (FR]
PRw= 160 phase FID2(t)
PRT1=121117
rumber of layers = 16 @

number of pulse moments = 16 ¢ T1 inversion

XY SE(t) I
amplitude SE(t)
phase SE(t)

amplitude SE(g

water content(z)
T2*(z)

inversion results
NUMIS all {t)
Ti(z)
permeability(z)

[« <« < < <

transmissivity(z)

Windows menuallows opening a new graphical windawwdsetting focus on the main window
(seemain window) or the cottrol barwindow (seecontrol bar). The graphical windows can be

15



shown as theascadeor sideby-side @rrange). The focus can be set on any active graphical
window.

& NUMIS 1D inversion - O X

File Run Configuration Graphics Windows

Model: It is a demo model open new window
Loop: 2-800xMN Date: 18.06.2021; Time :
open control ba
NUMIS data set: C:\Dwork \tst-book \data-be
matri: C:AD\worktst-book \data-book\matriz! see main window F3
loop: square, side = 80.0 m
geomagnetic field: see control bar F4

inclination=-55 degr, magnitude= 4694836 n1
cascade

filtering window = 200.0 ms arrange
bandpass = 10.00 Hz
permeability constant Cp = 7.00e-03 set focus > SE: X, Y(t)

average S/N =12901.11; EN/IN = 0.00 NUMIS signals
mean_noise = 0.00 N permeability
fitting error
RMSE FID1 = 1.71 n¥/ NUMIS inversion
RMSE FID2 = 248 nV
RMSE T1= 288 ms FID1: E(q)
param. of regular. (PR) T
PRw= 16.0
PRT1=121.117
number of layers = 16
number of pulse moments = 16

Control barwindow allows individually scaling graphs in the graphical windows. The shortcut
to this window is F4Graph option sets the.ist or theRoll mode for the selected graphical
window. In theRoll mode, the preelected graphs can be shown inguséce by using< or

>> puttons. For preelecting graphs in tHeoll mode, one needs to set focus on one graphical
window and to select with the mouse left button graphs exposed @rapdics menuof the
Main window.

Control bar

Graph

" List ® Users Axes X
 Roll

<] »] Axis X Axis ¥
Control min [1768 = | mn [19995

™ Aute Ad|

Ll

Zoom
x| x| max [12238,8 ﬁ max (20005

> |

] ::;1 ’/ ”
Shift Cancel
|

A ]
|

Led>

Memory

m| ]

Control menuallows scaling the graph in a focused graphical window. On&Zoam axes,

set an automatic scalingdta) or set a usedefined scalingysen. In the focused graphical
window, the graph can be shifted along the X and Y asleit), The current scale can be
temporally saved and loaded using khemoryoptions (n+ andm-). Note that the scale saved

in the memory is not valid after exiting the program. For saving scaling on the hard disk use the
Configuration menu

Configuration of graphical windowsn the workspace depends on tlenputer screen and the
graphs thaise wants to see when working with the inversiontine Graphical windows can

16



be opened and closed using Wendows menuwf the Main window. Each graphical window

can be individually sized and set on the screen. Size and location of the graphical windows can
be saved using theConfiguration menu The examples below show two different
configurations.

& NUMIS 1D inversion — m] =
File Run Configuration Graphics Windows
Modet Itis a demo model
Loop: 2-80.0xN Date: 18.06.2021;  Time: 17:47
NUMIS data set: C:\D\waork\tst-book'\data-book \models\model-1\model-demo-1.inp
matrizz: C:\D\work'stst-book\data-book \matrixhsqB0-example. mim J _I 22,8 -22 B
loop: square, side =80.0m
geomagnetic field: Control || -35.0 -350
inclination=-55 deqr, magnitude= 46948.36 nT
| Y 475
filtering window = 200.0 ms Zoom - ”
bandpass = 10.00 Hz .
permeability constant Cp = 7.00e-03 —" —I 60,01 -60.0
y+| ¥
average S/N =12901.11; EN/IN = 0.00 - 72,54 725
mean_noise = 0.00 ri data
fitting error user 85,0 -85.04
RMSE FID1= 1.71nV _I
RMSE FIDZ= 2.48nY Shift K E
RMSET1= 288ms = 974 94
p— 109,34 1099
& T1inversion - O X LILI
Y v 1224 | | | I U224 ! l ! I U
315 2-preliude [ 0 05 45 88 143 200 252 | deb 506 1led 1fed 22ed 27ed
\ Memory : ] C 5
28384 4 LS m+ | m water content (%) permeability [m/z)
-/ '\ | T1:100 me NN 600 ms legend: k*
252.44 y X P =
/s \. ®: FID1: phase(q - u] | @ FID1:freq(g) - o X
22034
\
0 i \ 1008 hase (deqr) L 2Eluuj_lreguencg Hz N
| N a
| 7]\ z =
158.04 [ 5 g ol
mF \, 56 200021
1266y +- + X, 805 2000,14
551 # / o B 755 20000 i
<+ ‘-\\. — 1 70.4 1999,94
6374 F— 65,3 19998
23] + +||[|| e02 19397
552 19936
08+ T T T T T T T T T Uil s0.1 ' } } } U f1999s. i } I ' U
-178,8 10630 23047 35465 47882 60300 72718 85135 97553 109970122388 1788 23047 47882 72718 97553 122388 -1788 23047 47882 72718 97553 122388
C 1 C 1 C 3
_ pulse (A-ms) pulse (&-ms) pulse (4-ms)
legend: FID1, inv.fit, FID2, | legend: FID1 legend: FID1, reference frequency
* < |m G [ C
591 ampitude [rV) 24 depth fm] 20 12 fms) 24 depth fm) File n nfig:
e } : Modst. It i 2 demo model
101 2020 01 Loop 2-B0.0xN Date 18082021, Time: 17.47
42138 ===
S CAD Tumodekdemo1
—_— Z6 2 28 it LD kb b ok sl g e "
e T ——— %0 1938 0] oo squre. e - 200
S s - . clinaiion 55 deg, magniude= 4534836 nl
50,1 ||| = 1975 500} e ™
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Inversion configurationwindow allows guiding the data processing and invergrocedures.

# Inversion configuration

Data Set
NUMISmatix || & Matie

& Matrix
|Dok‘\dala-book\malrix\quU-example.mrm Browse  Data
NUMIS data " Blacklist

C:AD\work\tstbook\data-book \models',

| WOIKALSE-DOO! 3L3-DOOK AMOOEIS \n Browse View
Signal processing

* Bandpass (Hz) ¥ [0 :‘ [~ Motch filter

© RCfiker (ms) ~ [i5 j '

Processing
window [ms) i 200 j

Notch band |3 g

Inversion parameters

Reqularization Layers number

[v Cp |auto
¥ |auto w v [m:‘
¥ [aua T
Run I Cancel ‘

NUMIS matrix (name.mrmifile) and NUMIS data (name.inpfile) have to be loaded using
correspondind@rowsebuttons. Description of thielatrix (linear filter) or theData set can be
exposed for verification using théew button in the corresponding windows.

& Matrix X # Data Set X
This matiix has been calculated using following mode! H Model: |t 15 a dema model
Loop: 2-80.0xN Date: 18.06.2021; Time: 17:47
antenna: N g e (2 noise Udc freq phase
squate, side = 80,0m 2 16 90000
000O0O0O000 0
geomagnetic field 1 531258 0 00 0200000 51
inclination = 55 degr.;  Lamor frequency = 2000,0 Hz 2 851828 0 00 0200000 51
3 121 2575 0 00 0200000 51
geoelectrical section: 4 173 3706 0 00 0200000 51
depth from 0,0 to 20,0 m; resistivity 10,0 ohm-m 5 2465278 0 00 0200000 51
depth from 20,0 to 40,0 m; resistivity 80,0 ohm-m 6 3507493 0 00 0200000 51
depth from 40,0 to 300,0 m; resistivity 300,0 chm-m 7 49310572 0 00 0200000 %1
8 71114768 0 00 0200000 51
max. depth = 120,0 m; GQmax =16000,0 &-ms 9 101220162 0 00 0200000 51
10 144126412 0 00 0200000 52
11 205131626 0 00 0200000 53
12 292131618 0 00 0200000 55
13 415822297 0 00 0200000 €2
14 592010691 0 00 0200000 82
15 8429 7904 0 0.0 02000.00 100
16 11939 7991 0 00 0200000 100

0K

0K

When working with real ata, it may be necessary to exclude some measurements corrupted by

noiseor because of possible technical problem. For that, the corrupted record can be put to the
Blacklist. One can open th&lacklist of measurementaindow using the=dit button.
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& Inversion configuration X

Data Set
NUMIS matrix  Matrix
|Dok\dala-buuk\malrix\quU-eﬂamp\e mm  Browse ~ Data
NUMIS data @ Blackhst ;
""""""" & Blacklist of measurements X
C:AD\workstst-book \data-book \models'
| work’tst-book'data-book'madels'n  Browse =
qualite record  gfé-ms] E[nV] T2(ms] freqHz) phase(deagr)
good 1 E0.00 1213 19203 1999.95 51.22

i, : good 2 8542 1762 19715 189998 5219
Signal processing

good 3 121.60 2433 13743 193398 51.87

- ; good 4 17313 3605 19314 139398 5145

@ Bandpses (Hz) 7 [ = | | Motch ter good 5 24646 5151 19344 199333 5112

o (o) [

C RCfiter(ms) &[5 - good 7 43353 10314 20246 200000 5193
Processing . - good 8 71116 14421 20255 2000.00 51.86
windaw (m) W W | good 9 101243 197.00 20268 2000.00 5201

=l Notchband [33 good 10 144135 25818 20270 200000 5237
good 11 2051.97 30913 20286 2000.00 5324
good 12 232128 30912 20279 200000 55.51
good 13 415887 21785 20286 200000 6225
: good 14 532075 10456 20297 200000 8333
Inversion parameters good 15 8429.07 7726 20286 2000.00 931
good 16 1200000 7811 20284 200000 3983
Reqularization Layers number ¥ Cp W
M fate w ¥ [aute :‘
¥ |auto m

Run ‘ Cancel ‘ ﬁ

For blacklisting a record corresponding to one pulse manoaet has to doublelick on the
corresponding line in thBlacklist of measurementsvindow. For example, the record tine
line 6 corresponding to the pulse moment 350.8&Ashown in figure above is put in the

blacklist and will not be considered by the inversiontine. For deleting the record from the
blacklist, doubleclick this line again.

Signal processingmenu allows selection thBandpassor RC filter with the corresponding
bandwidthMRS signal is processed considering the record ler®ythoessing windowMimited
by the length of the field recor@iheNotch filter can be activated f&0 Hzor 60 Hzindustrial
frequency with th&Vide or Narrow bandwidth.

Inversion parameteramenu allows selecting theegularization parameter in the Tikhonov
regularization inversiofor water contentw) or for relaxation timeTs). The number of layers
in the inverse model can be set automatically or manuadlyefs numbey. For computinghe

hydraulic conductivity (permeability), the empirical const@stmay be set automatically or
manually.

Run inversionand analyze inversion results

Inversion in progress

i
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& NUMIS 1D inversion - O X % Fs
File Run Configuration Graphics Windows depth (m] =pth [m
Modet It a demo model Graph || 24 m 4
Loop: 2-80.0%N Date: 18.06.2021:  Time: 17:47 * List
~ Roll 10,14 -10,14
NUMIS data set: C:\Dworktst-book \data-book \models\model-1\model-demo-1.inp
matriz: C:AD \work \tst-book \data-book \matrix'isqB80-example. mim _I _I 226 22,69
loop: square, side = 80.0 m
geomagnetic field: Control -35,0 235,04
inclination=-55 degr, magnitude= 46348.36 nT
| T 475
filtering window = 200.0 ms Zoom : :
bandpass = 10.00 Hz
pemeailiy constant Cp = 7.00e-03 JES ) -60.04
average S/N =12432.28: EN/IN = 0.00 2l 725 7254
mean_noise = 0.00 n\ Q
fiting efrar 85,0 -85.0
RMSE FID1 = 1.265nY Q
RMSE FID2= 1.36nV Shift K -97.4
AMSE T1= 4.42ms 974 97.4
param. of regular. [PR) —‘ 1095 1099
w=10. 1. 103,34
PR T1=80109
number of layers = 15 J 1224 T T T T Uf1z224 T T T T H
number of pulse moments = 15 Ril 55 115 1786 238 297 6.1e6 58eb 1.2e4 19e4 25e4 3led
Memor C 1 C 1
water cantent (%) permeabity (m/s)
T1:100 I N 600 ms legend: k*
¥ - -
100 gRhase (dear) B 2
95,7 20004+
AN 90,7 2000,34
[ § 856 2000.2
+ ™ 805 2000,1
8 755 2000.0-
+ AN 704 1999,9
B — 65.3 1999 8
+ L) I L 503 19337
+ * [l 552 19995
0s. T T T T T T T T T 501 T T T T 13335 T T T T
<1788 10630 23047 35465 47682 60300 72718 85135 97553 109970122388 1788 23047 47882 72718 97553 122388 1788 23047 47882 72718 97553 122388
: 1 : ) C )
pulse [A-ms) pulse (Aems) pulse [A:ms)
legend: FID1. inv fit. FID2. legend FID1 legend: FID1, reference frequency

The inversiorresultsare saved in thBnamenow  f Tihd sammary of thversionresultsis
saved in thei nf or mat inamenviof) Al es e ¢ i mamefOlo f nanief020 |, e,
finamef016 f dortagn&ltered MRSrecords Their number corresponds on the number of
pulses.

For loading inversiomesultsone can use thilain window menu. Note that if the graphical
windows contain the graphs with the inversion results and with ther@if®®ds then one needs
to load thanversion resultsand then theignals

& NUMIS 1D inversion = m} X
File Run Configuration Graphics Windows ~
load NUMIS data > inversion results Ctrl+N
print selected GRAPH Ctri+AltsP signals Ctri-Alt=N
) T =T,
print all GRAPHs Ctrl+P -
print options Ctrl+O Coni
printer setup V' 4u
Zooy|
save image of selected GRAPH Ctrl+Alt+S
save image of all GRAPHs Ctrl+S |
close GRAPH Iy
close all GRAPHs —
Shil
Exit F10

NUMIS 1D inversion window contains the summary of the inversion parameters: signal
processing parameter, estimate of the noiagnitude, average signal to noise ratio (S/N) and
the external noise to the internal noise ratio (EN/fliting erra for the FID1 and FID2 signals,
regularization parameter farandT; inversions, the number of pulse momant the number

of layers in the inverse model.
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‘& NUMIS 1D inversion —

File Run Configuration Graphics Windows

Maodel Itis a dema model
Loop: 2-80.0xN Date: 18.06.2021; Time: 17:47

NUMIS data set: C:AD\work \tst-book \data-book \modelshmodel-1\model-demo-1 .inp
matrix: C:AD \warktst-book\data-book \matrixhsqB0-example. mim

loop: square. side = 80.0 m

geomagnetic field:

inclination=-55 dear, magnitude= 46548 36 nT

filtering window = 200.0 ms
bandpass = 10.00 Hz
permeability constant Cp = 7.00e-09

average S/N =12432.28; EN/AN = 0.00
mean_noise = 0.00 nY
fitting error
RMSE FID1 = 1.25nV
RMSE FIDZ2= 1.96nV
AMSE T1= 4.42md
param. of regular. [FR]
PRw= 104
PR T1=80.109
number of layers = 15
number of pulse moments = 15
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Chapter 4ASAMOVAR HYDRUE&onvertor

Main windowshows the options to use for guiding the data exchange between SAMOVAR 6x7
and HYDRUS1D programs.

# Samovar-HYDRUS-co.. - O X
Import data Export data
HYDRUS | gad HYD->HYD
Obs.depths 0 © Sam ¢ HYD

Print times |0 Sam->HYD J
Data points ’07 HYD->Sam —J

Samovar Graphs
‘o (" Cascade Draw
* Samovar 6.6
" Samovar 12.x * Side by side

¥ Position auto

Compute volume V' 3-D editor

—— HYDRUS forward
Ztop Zbot == HYD for inversion

0,00 0,00 :- « DObservations

Water column (mm)

Time

Import datamenu allows loading HYDRU2D or SAMOVAR 6x7data sets. A short summary
of the HYDRUS1D data set contains information about the numb@&tsfervation depthghe
number ofPrint timesand the number ddata pointsin HYDRUS-1D model.The number of
data points is a product of the observation deptinlyer and print times numbe&ne should
precise the SAMOVAR version to usé&gmovar 6.6data formatis compatible with
SAMOVAR 6x7 format orSamovar 12.xwhich is not compatible).

Compute volumanenu allows selecting the depth interval to compute the equivalent water
columnused for estimating the water volume in the subsurfacsidering the water content
provided by the MRSnverse model (SAMOVAR) and the water flow forward model
(HYDRUS). For examplezop=2 andz,,=12 means that the water column will be computed in
the layer between 2 and 12 The graphical window below visualizes the water columns. This
graph is sizeablby using the mouse buttons. The double click makes an automatic scaling.

Graphs menu allows configuring graphs that visualize SAMOVAR and HYDRUS water
contents. If the configuration is changed, then the graphs have to be actualized by using the
Draw button. The water content versus time corresponding to the depth of the observation
points in HYDRUS modeling are plotted in graphical windows. Each window contains three
graphs:HYDRUS forward HYDRUS for inversionand Observations HYDRUS forward

shows the water content given by the model, HYDRUS for inversion shows the water content
corresponding to observations at the observation point that can be used for the inversion using
the HYDRUS inverse modeling routine and ObservatitnisvsSAMOVAR provided water
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content at the depth corresponding to the observation points. The number of these windows is
equal to the number of the observation points. The graphical windows can be eiplednd
sideor in Cascade

If the 3-D editor is activated, then the HYDRUS and SAMOVAR water contents and the

® S HYDR - O x | & - - O ® & - O ® | & - - O X
Import data Export data ] 0,37 r_\ 0.3] f—-\'
0,34 1 ]
HYDRUS HYD->HYD - - q -
Load s (ﬁ:;: § 1 | §ozsq \ §o.2s] \ \
Obs.depths [10 - 188 1853 S M2 ) ’
Q 3 \ Q - o -
G | Sam>HYD  gaye Ll 5 0] k\ 5 027 5 027 \ﬁ
[_ e ler|| = J Ll = ] J= 13
Data points 10 HYD>Sam  save = 01'\: = 0153 ;n 1::J
b ] ] b
Samovar | gad Graphs 1 ) ]
i T —T . ——T—T—T—7T—TT 7 . — —T—
& Samovar 6.6 " Cascade | 0 5000 N 0 5000 0 5000
 Samovar 12.x * Side by side Time (days) y Time (days) s€ Time (days)
¥ Position auto CTANINXTAD .Gv'.’-l'nw-nuf-nr- Canrniimwe. 17 Y mrthinhdcmntianammatikhlal ol
[ <} I o PR 3 =~ P
(B e [~ 3D editor & - - o X & z=-1200 - o X & 2= 1200 - o X
—— HYDRUS forward
Ztop Zbot ==s HYD for inversion 0.4y Wl D4 ;-1 04 1
0.00 0.00 +++ Dbservations 0353 \ 0353 0353 |
3 \\\ I = ly =3
g o33 2 033 g 034
- £ 03] | £ e |4 £ 033 T ‘
£ 8 0253 8 0253 8 0253
= - E| s E L = E
§ & 0.2 -E 2 023 =l 8 02
2 = 029 = 023 = 029
s - N el T
z 0,183 W™ 0183 R
> e )  —
T days) 0 5000 0 5000 o 5000
me (days) Time (days) Time (days) Time (days)
— S & R Gerl
* Sz H - O X
Accueil Partage affichage Qutils d'af|
Import data Export data & z=2000 - m} >
HYDRUS [ gad HYD>HYD  Save —
Mo Sam Cwyp M ¥ -0 -
Obs_depths 10 L] ' =
Print times |11 Sam>HYD  save D g & - - o X
i |
Data points 110 HEL Ses ﬂl i & = # - - o x
-
Samovar | gad Graphs pap‘ é 8 @ .
i g z
* Samovar 6.6 @ Cascade g -
" Samovar 12.x " Side by side E | ;&" & - _ o
™ Paosition auto i g
_ | d | =
Compute volume [~ 3D editor - g é L -
—— HYDRUS forward = g
Ztop Zbot === HYD for inversion i g ¢ —
0.00 0,00 ++ DObservations 3 .g
| o -
2 & g & - -
£ § g
E 3 & B | % z=-3000..
5 -
2 - .
[ 2 g 28
1'?; g 0263
=z L = 0243
3 20223
Time (days) B 0‘2;
= 0183

difference inbetween are shown in three corresponding windowsPdsition auto is
deactivated, then the size and the position of each graph are defined manually.
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F ] | & # samovar data
Import data Export data
HYDRUS | oad HYD->HYD  Save
o (o
Obs.depths |10 Sam YL |
Print times |11 SompHYDH [Eave | E E
Data points |110 HYD->Sam ﬂ] {50 2o
g &
Samoval | gad Graphs #
' Samovar 6.6 ¢ Cascade
" Samovar 12.x @ Side by side
¥ Paosition auto
Compute volume ¥ 3D editor . 7
—— HYDRUS forward Ti Ti
lony i == HYD for inversion | ime ime
0.00 0.00 «es Observations ¥
£ 0
E 54
E 5
3 -10
z -
= £
T 6 £ [
ime (days)
| &2
_304]
=35
-40
—
0 5000
Time (days)

3-D editor window allows setting the time step for plotting the water content graphs. For
accelerating the water content visualization, it is recommended to use larger time steps. It could

be particularly useful when working with a slow computer.

i
Manual scale Time step: W |
Time  Depth 6

Min: 0.00  [0.00  [0.00

Max: [0.00  [0.00  [0.00

 HYDR. © Sam.  Diff.

g, - — Set
0.00 0,50 1.00 =

RMSE(3D) |0.000000

RMSE(Y] |0.000 :

When selecting me window HYDRUS, Samovaror Difference), the color scale corresponds
to the selected graph. For setting a manual scale in the selected graphMiat dnel Max
values and push thigetbutton. For the automatic scaling, doubliek on the selected grap
RMSE(3D)andRMSE(V)show respectively the romheansquareerror (difference) computed
considering the water content profiles and the water volume (water cokemsus time graph
plotted in theMain window.

Export datamenu allow data exchange between SAMOVAR and HYDRUS.

& Samovar-HYDRUS-co.. - O X
Import data Export data
HYDRUS | gad HYD->HYD Save

o »
Obs.depths |10 Sam YD
Print times |11 Sam>HYD  Save
Data points /110 HYD>Sam  Save
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HYDRUS-HYDRUSoption allows recording the water content provided by HYDRUS forward
modelingand corresponding to the HYDRUS observation points to HYDR&Hyd. These

data can be used as input data in the inverse modeling with the HYDRUS invetgioa. If

HYD option is set, then data are transferred without modificatiois.dption can be useful for
testing HYDRUS inverse modeling. ISam option is set, then data simulate MRS
measurements of the water content computed based on the HYDRUS water content. Correction
comprises a delay between HYDRUS provided watetent and that shown by MRS. This
option allows testing HYDRUS inversion using MRS data at the observation points.

Correction of the MR®vater content for a direct comparison with the HYDRUS provided water
content is necessary because ofedléght scaleand different resolutiofor HYDRUS and MRS
results. The water flow modebmputed with HYDRUS shows an instant water content at the
local scale. With local measurements one observes progressing infiltration front and MRS
shows the volume of accumulated water.

Local measurements MRS measurements
-
| -
: -}
-
[
-
Depth Depth -

Measurements of the water volume instead of the instant vathe wfater content may cause

a delay between the infiltration front and the volume observed with 84®RIShe local errors,

as shown in the figure below (léfand graph). In this example, the red line shows the true
water content and the bladké shows the MRS estimated water content.

Local measurements MRS measurements

Water content Water content

Mcal error
\3.
Depth Local error Depth

However, local errors can be neglected at larger scale and p&&des a reasonable
approximation of the water content (rigfdind graph).

Samovar>HYDRUS option allows transferring MR#&easured water content to HYDRUS
(Savg. The MRS water content is used as the initial water content for the water flow modeling.
HYDRUS->Samovaroption performs the MRS forward modelinging the water content
given by HYDRUS(Saveg. For that, the linear filte(matrix) has to be computed using
SAMOVAR computingprogram and loaded.
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# Ouvrir X

Regarder dans | matrix j Ll £F BB~

ﬂ' Nom ) Modifié le Type

| sq80- ! 18/ 116: ichi
e 5q80-example.mrm 8/06/2021 16:03 Fichie

Bureau

M
Bibliotheques

<

>
Nom du fichier |sq 80-example mm j Ouvrir
=]

Types de fichiers : |Samovaf matrix (*.mm)

A random noisean be added to MR®cords. Aset of synthetidIRS data simulating field
measurements will be automatically created.

CePC » OS(C) » D » work » tst-book > data-book > MRS-models » Model-for-HYDRUS

Add Noise
~ ” .
0.0 ) Nom Type
model-for-HYDRUS Doss
.| model-for-HYDRUS.shm Fich

MRSdada set i s mmuespiw sfeidl eoefandcd et Hie record
corresponding to each sounding.

tst-book > data-book > MRS-models > Model-for-HYDRUS > model-for-HYDRUS > Time_1
™ Nom Modifié le Type
| MRS_Mod_Time_1.01 chier 01
] MRS_Mod_Time_1.02 chier 02
<] MRS_Mod_Time_1.03 chier 03
> - > - > - > - - > - |
work > tst-book » data-book > MRS-models > Model-for-HYDRUS > model-for-HYDRUS | MRS_Mod Time 104 chier 04
~ . | MRS_Mod_Time_1.05 ros
Nom Modifié le Type -Mod_Time- e
| MRS_Mod_Time_1.06 chier 06
All_nov Dossier de fichiers ] MRS_Mod_Time_1.07 chier 07
Time_1 Dossier de fichiers | MRS_Mod_Time_1.08 chier 08
Time 2 Dossier de fichiers ] MRS_Mod_Time_1.09 chier 09
. - | MRS_Mod_Time_1.010 chier 010
Time_3 Dossier de fichiers
. _ <] MRS_Mod_Time_1.011 chier 011
Time_ 4 Dossier de fichiers
: | MRS_Mod_Time_1.012 chier 012
Time 5 Dossier de fichiers | MRS_Mod_Time_1.013 chier 013
Time_6 Dossier de fichiers | MRS_Mod_Time_1.014 chier 014
Time_7 Dossier de fichiers ] MRS_Mod_Time_1.015 chier 015
Time_8 Daossier de fichiers | MRS_Mod_Time_1.016 chier 016
Time 9 Dassier de fichiers [1 MRs_Mod_Time_1.017 chier 017
Time 10 Dassier de fichiers || MRS_Mod_Time_1.018 Fichier 018
o o ) [] MRS_Mod_Time_1.019 Fichier 019
Time_11 Dossier de fichiers -
| MRS_Mod_Time_1.020 Fichier 020

The summary fildiname.shmcontainsa summary of MR$lata filenamesandthe measuring
time corresponding to each sounding
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1 ©.000
2 800.0
3 1e0@.
4 2400.
5 3200.
6 4000.
7 4800.
8§ 5600.
9 64600.
e 7200.
1 geoee.

_| model-for-HYDRUS.shm - Bloc-notes

Fichier Edition Format Affichage Aide
N Time ( days )} Samovar files: 11

200
20000
200000
000000
200000
200000
200000
200000
000000
200000
200000

MRS_Mod_Time_1.mod
MRS_Mod_Time_2.mod
MRS_Mod_Time_3.mod
MRS_Mod_Time_4.mod
MRS_Mod_Time_5.mod
MRS_Mod_Time_6.mod
MRS_Mod_Time_7.mod
MRS_Mod_Time_8.mod
MRS_Mod_Time_9.mod
MRS_Mod_Time_10.mod
MRS_Mod_Time_11.mod

SAMOVAR inversionprogramallows computingheinversemodels Time_1, Time2 etc)to
use forthe waterflow modelingwith HYDRUS.

MRS field dataalso can be useslith the SAMOVART HYDRUS convertor. For that, aield
data sehas to be manually prepared in the same foamahe synthetidata setinformation
aboutthe measuring timeorrespondt o t h e tnameanp.o f

<) V130102AINP

L2010 A nihl

05/01/2000 15:42 Fichier INP

17/02 010 1607 Cichior MD

For example, the data set contains 34 soundigjag atext editor, crea

(take care to respect the blank positions)

Fichier Edition Format Affichage ?

N

1

2 0.
3 1
4 1.
5 15.
6 15.
7 25.
8 25.
9 42
10 57
11 57
12 73
13 73
14 84
15 84
16 10
17 10
18 12
19 14
20 14
21 16
22 16
23 18
24 19
25 19
26 19
27 20
28 20
29 26
30 26
31 27
32 27
33 31
34 32

Time ( days ) Samovar files: 34
0 a

1
1

U= U L Y W VR VR LN WS

[=)]
W WO WEo 0o N N S

V260492A.inp
V260492B.7np
V270492A.np
V270492B.7inp
V110592A.inp
V110592B.inp
V210592A.inp
V210592B.inp
VO70692A. inp
V220692A.inp
V220692B.7np
VO80792A.inp
V080792B.inp
V190792A.inp
V190792B.1inp
V130892A.inp
V130892B.inp
V300892A.inp
V140992A.inp
V1409928B. inp
V111092A.inp
V111092B.inp
V261092B.7np
V081192A.1inp
V081192B.1inp
Vv081192C.1inp
V181192A.inp
V181192B.inp
V130102A.inp
V130102B.inp
V270122A.inp
V2701228B.inp
V29022A.np

V230322A.17np
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Make MRS 1-D inversionof all the soundingsCreate 34 folderes a me d Timeolmo A

Time_34 .

> D » work > tst-book > data-book » MRS-field-data * MRS_monitoring
All_nov Samavar_to_Surfer
Time_1 Time_2
Time_3 Time_4
Time_5 Time_6
Time_7 Time_8
Time_ 9 Time_10
Time_11 Time_12
Time_13 Time_14
Time_15 Time_16
Time_17 Time_18
Time_19 Time_20
> D » work » tst-book > data-book > MRS-field-data Time_21 Time_22
Time_23 Time_24
Nom ~ Modifié e Time_25 Time_26
Time_27 Time_28
MRS_monitoring T!me_29 T!me_BD
Time_31 Time_32
I MRS_manitoring.shm 21/04/2018 16:43 Time_33 Time_34

Copy all the files corresponding tme sounding inonef o | dTémresNd .i Ex amp |l e

shows the dat aTimeeld s aTime & .he

f ol

ders i

> D » work » tst-book > data-book * MRS-field-data > MRS_monitoring * Time_1
V26049241 1V260492A.2
V26049243 | V26049244
| V26049245 | V260492A.6
| V260492A7 | V260492A.8
| V26049249 | V260492A.10
| V260492411 | V260492412
| V260492413 | V260492414
| V260492A.15 | V260492A.16
| V260492A1 | V260492Af2
1V260492A.F3 | V260492A.14
| V260492A155 | V260492Af6
| V260492A57 | V260492A.18
| V260492A.59 | V260492A.£10
| V2604924511 | V260492A.f12
| V260492A13 | V260492A.f14
_|V260492A515 _ | V260492A.116
1 V260492A.INP | V260492A.nbl
1V260492A.nid | V260492A.nir
1V260492A.nov 1 V260492A.ns1
_|V260492Anvi | V260492A.5rd
| V260492A.srm | V260492A.5v0

48 V26049281
4 V26049283
1 V260492B.5
| V260492B.7
1 V260492B.9
1 V260492B.11
1 V260492B.13
1 V260492B.15
| V260492B.1
1V260492B.f3
1 V260492B.f5
| V260492B.f7
| V260492B.f9
| V260492B.f11
| V260492B.f13
1 V260492B.f15
1V260492B.INP
V2604928 nid
1V2604928.nov
| V260492B.nvi
| V260492B.srm

> D > work > tst-book > data-book > MRS-field-data > MRS_monitoring > Time_2

IV260492B.2
_|v2604928.4
| v260492B.6
| v2e04928.8
| V260492B.10
| V260492B.12
| v2604928.14
| V260492B.16
| V260492B.12
| V260492B.f4
| v260492B.f6
| v2604928.18
| V260492B.f10
| V260492B.f12
| V260492B.f14
_| V260492B.f16
| V260492B.nbl

I V260492B.nir

| V260492B.ns51
| V260492B.srd
| V260492B.5v0

Not e t h a tAll_nbw | daeBdsovari to Surfer
automatically bySAMOVART HYDRUS convertor.

Wi

be created

When modeling a water flow with HYDRUSD using MRSdata, the final time in the hydraulic

model should be set equal to the last day of the MRS monitoring and the number of print times

should be selN-1 whereN is the number of MRS soundingBhe first sounding is used for

sdting the initial water content
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Chapter 5Getting started

MRSforward modeling

Let usassumehe followingmodeling conditions

A A 80 mside squardMRS loop the max depth of 120 m).

A FID sounding with two 44ns pulseswith the max pulse momenf 12000 A-ms.
A The geomagnetic field inclination58N, magnitude 8948 nT (the Larmor
A

frequencyof 2000 Hz).
The geoelectrical crossection and parameters of the water saturated layer are given
below:
0 0
10 ohm-m w=0%
g 20 20
=~ & w=20%
g B0 .000Em T2*=200 ms
T1=400 ms
O]
Q 40 40
300 300

We computethe linear filtercorresponding to the geology and the geographical position of the
investigated area witBAMOVAR computingprogram

O x & SetT/Rx loops — [m] x
|
i it Tx loo|
Parameters for computing o Loops position Loops position Txloop
Larmor frequency (Hz) [2000.0 ® 80 -
40 .
Inclination of GMF (degr) [55.0 s w Size (m) |80 Turns |1
£ E | |
Hemisphere & North © South £ 0 E o 8Haop separat. (m) jo
°
z 2 i (=]
Max. depth (m) [120,0 2 Zz Azimuth (degr) [o =
40
40
Pulse durati
R -60 50 mel Save ‘ Print ‘
50,0 40,0200 0,0 20,0 40,0 60,0
Max. pulse mom. (A-ms) [16000,0 ' ' Py ! ' ' | -60,0 40,0 -20,0 0,0 20,0 40,0 60,0
’ ) B East(m) OK Cancel
I Ellipt. polar. — -
[~ Frequency shift . . {
T _I Geoelectrical cross-section | | ;
Depth Resistivity 1
Parameters From To (ohm-m) :
[ Load 0.0 10.0 Layers '
20,0 [40.0 800 il
[ Save 40.0 |300.0 3000 s |
FEile ]
[ Run
Exit

The linear filtens stored in two files



> D > work *» tst-book * data-book * matrix L% ]

-~

Nom Modifié le Type Taille
. ) sq80-example.mrm Fichier MRM 160 Ko
. ) sq80-example.nmc Fichier NMC 1Ko

The linear filterrepresents measuring conditions. For compuMiS signals we use the
SAMOVAR forward modelingprogram

& MRS forward modeling for NUMIS system - m} X
Sounding configuration & Matix = Comments: | Itis ademo madel
" Data
Q max
I” Data 1 12000 [~ Add Noise __Info_|
N Pl _FIDI_D1__P2 FID2 D2 _SE Make model
PLORN 40 240 20 40 240 O 1]
Load E
Data |C:\D\work\stbook\datarbookimode  Load Make E
=
=
RMS[nV¥] a
Geoelectrical model =

. ik | |
Matrix [E3Dyworkitstbook'data-bookmatiixt  Load -
L
Water-saturated layers _I
Layer Top Bot w(%) T2= DF T1 = e 000 S
0 [2000 40,00 20,00 200,00 [N 400.00 Edit lavess a(A-ms)

L EID1: (.. Data FD2: [, Da.a
Delete — Mod:l — Mud=|

Clom | Awo | Zoom | Save| Pine| ~ Gut]

We load the linear filtematrix), one water saturated layer corresponding to our model and
compute the MRSignal bydouble clicking orthe water saturated layefhen, we create the
data set simulating field measurememtsike) and add 50 nV of the ambient naise

& | BB Add Noise - O X

Sounding configuration Comments: | Itis a demo model [~ Motch filter

¥ Random Noise

= [ &

Q max

[ Data 1 12000 v Add Noise

N P1_FID1_D1__P2 FID2 D2 SE
40 240 20 40 240 O 0

[~ Manual signal

E(nV) T2%ms) Ph(') DF [Hz)

(ol ol
0K Cancel

Data  [C:\D\work\tst-book'\data-booki\mode  Load

amplitude (nV)

Geoelectrical model

Matrix [£AD\wark\st-book\data-bookimatiit  Load

Water-saturated layers

Layer Top Bot w(%X) T2= DF Ti —I — —
= 0 5000 10000
0 |2000 40,00 20,00 200,00 [iiulf «00.00 Edit lovers g (A-ms)

Add || FD1: (s Da,a FID2: m
Delete —_— Mudd —— Model
Clear Auto | Zoom | Save| Print Quit

The data set composed of 19 files (for this model) is saved in the selected folder.
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» D » work * tst-book > data-book * MRS-models > model-1
~
Nom Date Type Taille []
) model-demo-1.01 18/06/2021 17:10 Fichier 01 14 Ko
<] model-demo-1.02 18/06/2021 17:10 Fichier 02 14 Ko
<) model-demo-1.03 18/06/2021 17:10 Fichier 03 14 Ko
<) model-demo-1.04 18/06y Fichier 04 14 Ko
| model-demo-1.05 18/06 Fichier 05 14 Ko
~J model-demo-1.06 18/06 Fichier 06 14 Ko
) model-demo-1.07 18/06/. Fichier 07 14 Ko
) model-demo-1.08 18/06/2021 17:10 Fichier 08 14 Ko
) model-demo-1.09 18/06/2021 17:10 Fichier 09 14 Ko
) model-demo-1.010 18/06/2021 17:10 Fichier 010 14 Ko
<) model-demo-1.011 18/06/2021 17:10 Fichier 011 14 Ko
<) model-demo-1.012 18/06/2021 17:10 Fichier 012 14 Ko
) model-demo-1.013 18/06/. Fichier 013 14 Ko
J) model-demo-1.014 18/06 Fichier 014 14 Ko
| model-demo-1.015 18/06; Fichier 015 14 Ko
| model-demo-1.016 18/06 Fichier 016 14 Ko
=] model-demo-T.eq 18/06/2021 17:10 Fichier EQ 1Ko
=] model-demo-T.inp 18/06/2021 17:10 Fichier INP 2 Ko
/=] model-demo-1.mod  18/06/2021 17:10 Fichier MOD 1Ko

MRSnversion

For this example, wuse the synthetic data seeated in the previous section. MB&a set is
composed of many filnandeinph &t | &r e | me dath sedis e x a mip
fimodetdemaol.inpd We load thedata and the linear filteFor the recordgrocessing and
inversionoptionwe useautomatic optioawith thedefault parameters

i' Inversion configuration X
Data Set
" Matrix
. Browse  Data
NUMIS data + Blacklist

|EDwworkitstbook databook models\n  Browse - |
View

Signal processing

Bandpass [Hz) v |10 :‘ I~ Notch filter

™ RCfier (ms) ¥ [15 j = =

(
Processing ¢ @

_ v |200
window [ms) :‘ Notch band [3 9

-

Inversion parameters

Reqularization Lavers number
Reqularization Lavers number % Cp [r
¥ |auto w ¥ lauto :‘
¥ [awte T
Run ‘ Cancel |

Inversionresults are shown by using the user selected graphical wiratahsave on the hard
disk in the same folder with the data.set
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& NUMIS 1D inversio — [} X & e — ] X & perme — %
File Run Configuration Graphics Windows
| depth [m) _ depth (m] _
[Modst Itis 3 demo model Graph || 24 24
Loop: 2-80.0xMN Date: 24.06.2021: Time: 17:39 (s List - -
~ Roll 10,14 10,1
NUMIS data set: C:\Dwork \st-book\data-book \MRS-models\madel- 1\ modeldemo-1.inp
matrix. C:ADwork'tst-book\data-book \matrix\sqB0-example. mim <] 2>] 226 22,64
loop: square, side = 80.0m
| geomagnetic: field: Control 350 30
inclination=-55 deqr, magnitude= 46948.36 nT 7 Ast
® | 475 475
L\I!erg@ wwnd:g;ﬂ E'UD Oms Zoom
andpass = z
permeability constant Cp = 7.00e-09 —‘ —, 60,04 -60.0
average S/N = 753 ENJN= 213 7254 -725.
mean_noise = 5.56 nv 4|
fitting errar 85,04 -85.0
RMSE FID1 = 5.81 n¥ 4‘
RMSE FID2= 7.16nV Shift a7.4 -97.4
RMSE T1=120.08 ms : :
param. of regular. (PR 1099 1033
PRw= 63.2 Bhaas T
PRT1=182152
number of layers = 16 J 1224 T T T T Uf1224 T T T T .
number of pulse moments = 16 Memor 05 43 9.0 138 185 232 -4.3e-6 40e5 855 13ed 17ed 2204
water content [%) permeability (m/s)
T1:100 We Dl 600 ms legend: k*
- O x & FID1: phase(q — [m] x & FID1: freq(q) - X
1231 hase (dear] o 200 5 equency (Hz] _
AN 1161 200131
K 1032 2001.1
‘-\ 50.24 200034
+ AN 7734 2000,64
= N 643 20004
+ = 51,4 20002
N - 36.44 1999,94
¥ ‘T\._ [ | 255 19997
t 1254 19335
15. T T T T T T T T T - 70‘4 T T T T J 1935'3 T T T T =
1788 10630 23047 35465 47882 60300 72718 85135 97553 103970122388 1788 23047 47882 72718 97553 122388 -1788 23047 47882 72718 97553 122388
[ 1 [ ) : 1
pulse (A-ms) pukse (A-ms] pulse [A-ms)
legend: FID1. inv fit. FID2, ir legend: FID1 legend: FID1, reference frequency

~ I model-demo-1.01
~Imodel-demo-1.03
~ I model-demo-1.05
~]model-demo-1.07
~]model-demo-1.09
~Imodel-demo-1.011
~Imodel-demao-1.013
~Imodel-demao-1.015
~Imodel-demo-1.eq
|j model-demo-1.f2
|j model-demo-1.f4
|j model-demo-1.f6
|j model-demo-1.8
| ] model-demo-1.f10
[ ] model-demo-1.£12
| ] model-demo-1.f14
[ ] model-demo-1.516
@ model-demo-1.mod
) model-demo-1.nid

|j model-demo-1.nvi

> D » work » tst-book * data-book » MRS-models * model-1

] model-demo-1.02
) model-demo-1.04
.~ model-demo-1.06
] model-demo-1.08
~) model-demo-1.010
«Jmodel-demo-1.012
+Imodel-demo-1.014
+|model-demo-1.016
|j model-demo-1.f1
| model-demo-1.f3
|j model-demo-1.f5
|j model-demo-1.f7
|j model-demo-1.f9
| ] model-demo-1.f11
[ ] model-demo-1.f13
[ ] model-demo-1.f15
I model-demo-1.inp
|j model-demo-1.nbl
I model-demo-1.nov

|j model-demo-1_TFtxt

Working with synthetic data we can compare the initial model and the inverse model being the
final result of MRSinversion For reports, it is often convenient to manually define axes and

graphs.
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i Users Axes

Axis X

min |l]_l]e+[l

Axis Y

min ,W

o Lals

=]
=l
max 500 il max 00010

OK

Cancel

& NUMIS 1D inversion - n} X ®aoms. — m] X |Bre - ] X |@WrouT2) — O X

File Run Configuration Graphics Windows .
Graph pth (m) depth [m] depth (m)
JFiodet s & demo model rﬂp— 0t 0s 00

Loop: 2-80.0 %N Date: 24.062021; Time: 17:33 * Li

0P u e e o] 00 100 00
NUMIS data set: CAD\work\tst-book\data-book\MR S models\modet1 \model-demo-1.inp
matrie. C:\D\work st book\data-bo q le.mrm <<l 22| | 200 2004 20,04
loop: square, side = 80.0m

I geomagnetic field: Control | | -30.0 -30.0 300
incination="55 degr, magritude= 4634836 nT =
o

fikering wmduE.ED 2000 ms Zoom e 00 00
bandpass = 10.00 Hz
permeabilty constant Cp = 7.002-09 ! JES PR ) 500 500
average SN = 759 ENAN = 213 el 500 600 600
mean_naise = 5.56 nV _data |
fitting eror 700 -70.04 70.04

AMSE FID1 = 581 iV Loen]

AMSE FIDZ= 7.16mV Shift F 4 4

RMSE T1=120.08ms | 8o e 800
paramwn:l regular. PR) 00 00 00

PRT1 =162 Jipvy
b o 16 ool L Wl L L L oo} L
rumber of puise moments = 16 - 00 50 100 150 200 250 0.0 1000 2000 300.0 4000 5000 00 500 1000 1500 2000 2500

water content (%) T (ms) T2¢ (ms)
11100 W s oc000; Jegend T1 legend 12

& & *
0.0 depth (m] 0.0 depth [m) 0.0 depth [m] ~
0, n
w=0% 100 10,0 10,0
-20.0 -20,04 -20.01
w=20%
T,*=200 ms -30,0 -30,0 -30.04
T,=400 ms
-40,0 -40,04 -40,04
-50,0 -50,04 -50,04
w=0% 60,04 60,04 0.0
-70.0- -70,04 -70.04
-80,0 80,08 80,0
-90,04 -90,04 -90,04
'1 m n T T T T -1 UU'D T T T T -1 OD'U T T T T
00 50 100 150 200 250 0,0 1000 2000 3000 4000 5000 00 50,0 1000 150,0 2000 2500
water content (%) T1 (ms) T2* [ms)
T1:100 e B 600 ms legend: T1 legend: T2

MRSand water flow modeling

For this example, wereated avater flow modelusing HYDRUS1D program The model
comprisestwo layers with different hydraulic propertieBoth layers arainsaturated.The

rainfall varies during the monitoring time (8000 days) and we have 11 8éR&dings (one
sounding performed with an interval @fery800 days).
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P
gy ™

=

Mat 1

10m

MRS measuring setup

*  Geomagnetic field: 55°N,
* Larmor frequency 2000 Hz

* Pulse duration: 40 ms
*  Number of pulses: 20

-

*  Tx/Rx loop: square 80x80 m, 1 turns

*  Max. pulse moment: 12000 A-ms

* Subsurface: 100 ohm-m half-space

The water flow modek saved in the folder created by HYDRUB.

This model should be loaded with tBeMOVAR- HYDRUSconvertor( riame.oub
water content provided by HYDBS-1D can be

~

Nom

] A_Level.out
L] ATMOSPH.IN
| | Balance.out
|=] DESCRIPT.TXT
[E HYDRUS1D.DAT
| I_Checkout

| ] Nod_Infout
|| Obs_Node.out
& PROFILE.DAT
L1 Profile.out

|| Run_Infout
|| SELECTORIN
|1 T_Level.out

> tst-book > data-book * HYDRUS-model > infiltration-2-layers > sand-clay-2-layer-infilt

~

Modifié le Type Tai
21/06/202 Fichier OUT

Fichier IN

Fichier OUT

Document texte
Grapher Worksheet
Fichier OUT

Fichier OUT

Fichier OUT
Grapher Worksheet
Fichier OUT

Fichier OUT

Fichier IN

Fichier OUT

observation points defined in HYDRUS.

Import data
HYDRUS | gad

Obs.depths 0
Print times |1
Data points 110

Samovar | gad
* Samovar 6.6
" Samovar 12.x

Compute volume
Zbot

oo

Ztop

o0

Water column (mm)

-_—— - -
& + +
Export data - E 034 r—] 0,39 f"\
HYDSHYD Save| || | | = 034 bod E02=E \ 2,6 l \
@ Sam " HYD 2 025 27\ i% N
Sam>HYD  §ave| | 198 © 7 N hen| = 023 \\_ki 027 \
8 02 g 9 mn| 84 S—_—
HYD->Sam  §ave s | 9 £ 1 = 1
lwl 0,154 0,154 0,154
Graphs l g ] i ]
" Cascade i sow P o 'so o "s000
¢ Side by side Time (days) Time (days) Time (days)
¥ Position auto I —
I 3D editor [} L2 4
—— HYDRUS forward
==s HYD for inversion 043 047 043
+++ Dbservations 0,253 \ 0353 0,353
- - £ ]
& = 7] E 5] = \\\1__(_
E 0.3E \l_k_‘_ £ “E —~— 2 ME
30253 8 0253 8 0253
5 1 s 3 g 1
® 023 ® 029 ® 023 '
= E = E = k|
uns-:J 0,153 u.ws-—ij
b e e e T :\ T — T
1 days) 0 5000 0 5000 0 5000
ime (days) Time (days) Time (days) Time (days)

If the 3D editor is activated, then the plot of the water content can be also visualized.
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@ Samovar-HYDRUS-conv..  — u] X & z=-200.00 — O g & z=-50000.. — O %
Import data Export data L 0,3

- - |
&
T I
) 3;53
|
]
*

HYDRUS | ad HYD->HYD  Save o 03 - = ]
. o oD g Sozs gt| 80259 \
Dbs.depths 10 =] § 0.25 % § \ g 3]
. e ps | |
Print times |11 Sam->HYD  Save :u: 02 \\_ 1 E 0,2 Ll :u: uz;
) 110 HYD->Sam Save = = 1 S
Data points _I & Difference: HYD-Sam - O X ™ gﬂﬂsj J |
1= 1 |
Graph: 3]
Samovar  Load o [‘dﬁu -m T T # B e m e S
= Samovar 6.6 scade | . 5000 - 0 . 5000
" Samovar 12.x * Side by side Time (days) Time (days)
¥ Position auto AmLA
Compute volume ¥ 3-D editor z po.. — O * & -=-13000.. — ] X
— HYDRUS forward E bod] ]
Ztop Zbat == HYD for inversion S0 H 049 |
0.00 1,00 +++ Observations 39- = 0,35
E 3
£ 8 0253
£ 2 .3
_§ = k|
5 0 =l 015
b | El
= Time LS ; ——
n < non Em 1 s.non = a 5 000
Time (days) & HYDRUS data - O X ¥ - O < [days) |
= =N | i
WiDed. - x |o  x 0] { b
—— =] ' -
Manual scale Time step: [p 00 B e
-104
Time Depth 6 B |
Min: [0.00 [0.00 [0,00 — £ 15 € |
Max- [0.00  [000 (0,00 | £ 204 g0 /
@ HYDR.  Sam. ¢ Diff & 2] — a |/
o . Set ] u e
000 020 039 _I | o /
35 |-
RMSE(3D) [0.000000 o | 1 E ] <000
-404]
days] T T days|
RMSE(Y) [0.000 days) ; <000 L : days)
= Time (days) Time
[l | =

Then, a set of filesimulating SAMOVAR 6x7measurements computed considering the
HYDRUS provided water content can be created usingith®->Sam Savebutton. This is
done in two steps: the liners filter corresponding to the MiR&suring setufs loaded and
then the data set is saved on the hard disk.

& samovar-HYDRUS-co..  — [} | % ouvrir X
Import data Export data Regarder dans : sand-clay-2Hayer4nfilt | = £F BB
HYDRUS HYD->HYD  Save * Nom . Modifié le Type
@ e , . o
Obs. depths |0 Sam HYD Accisrapide - OPs-Nodeout 21/06/202111:36 Fichie

Print times |0 Sam->HYD ... -
Data points F. HYD->Sam ¢ ... —

Samovar | .4 | Graphs -
D
 Samovar 6.6 © Cascade ﬂl Bibliothéques
" Samovar 12.x @ Side by side
¥ Position auto [i

Compute volume ¥ 3-D editor Ce PC
HYDRUS forward :
Ztop Zhot ==x HYD for inversion [‘

0,00 1.00 ses Observations Reseau

€ >

Nom du fichier : | j Ouvrir I
=l

Types de fichiers : |HYDRUS data (" out)

Water column {mm)

Time
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% ouvrir X
Regarder dans ‘ matrix = cF B~
;} Nom Medifié le Type
- X 18/06/2021 16:0; Fichi
Accés rapide 5q80-example.mrm 8/06/2021 16:03 ichie
Bureau
[ )
Bibliothéques
CePC
Réseau
< >
Nom dufichier: || =l Ouvrir
Types defichiers . |Samovar matrix (- mm) -~ Annuler

% Enregistrer sous

Enregistrer dans ‘

*

Accés rapide

Bureau

"
Bibliotheques

u
CePC

&7

Réseau

<
Nom

Type

Modelfor-HYDRUS

Nom

model-for-HYDRUS

I model-for-HYDRUS.shm

dufichier: ||

= cf B
Modifié le Type
22/06/2021 17:43 Dossie
22/06/2021 17:43 Fichie
>
j Enregistrer
[Samovarmodels (-shm) = e |

For loading MRS water content, MRSmeasurementdiave to be processed using the
SAMOVAR inversion program. Each sounding is processed individually. The-kxpse

inversionis not supported by SAMOVAR 6xversion When inversion is done, MRS water
content can be loaded by using tBamovar 6.6Load button. The water content can be
visualized at HYDRUS observation points and using3tieeditor.

An example of the error message shown below says that inversione of the sounding

(Time_11) was not completed.

i’ Could not Open File

I/

>

5
-

=4

|C‘\D\w0rk\tst bookidata-bookiMRS-modelsito
C:A\D\work\tst-book\data-book\MRS-models\Model-for-HYDRUS\model-for- HYDRUS Time_11\MRS_Mod_Time_11.nov

el

=]

TPl = G

Time (days)

Set the deptlinterval for computinghe water columr{Compute volumgand compare the
HYDRUS and SAMOVAR water column. The water content at the observation points is shown
in the graphical windows. The reshuares show the HYDRUS water content corrected
considering the difference between the MB& water flow modeling. Note that if the
hydraulic model is changed, then the water contents for both HYDRUS and SAMOVAR have
to be reloaded. If visuaation or the depth interval for computing the water column are
changed, then SAMOVAR data have to be reloaded.
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= T ST = ™ = cwrrn o =

@ samovar-HYDRUS-conv..  — O X @& z=-20000.. — O X @& z-=-50000.. — m| X @& z=-10000. — m] X
Import data Export data ] 03] ]
HYDRUS | gad HYDSHYD  Save = " z ] = "
. -1l & 4| %0253 BY & 0]
Obs.depths 10 ks s NHD go‘zs— % § ] § N
- abi - ps. |
Print times |11 Sam->HYD s5ave 5 02 B 042: 5 U‘ZE
l_ - 5 7 s s 7
Data points 110 [eeie Sa_vcl . = 015—: L 2,15 = 0,159
—— B R ; E 3
Samovar || pad Graphs 3 E | 0,15
w1 [ DR QY INNENINSRENE | ¢ ¥ THEMNTHING |y N SRS
* Samovar 6.6 0 5000 [ 5000 0 5000
© Samovar 12.x @ Side by side Time (days) ’ Time (days) Time (days)
¥ Pasition auto = =
Compute volume [~ 3D editor ® z=-11000..  — m] % g| W z=-12000.  — m] X ® z=13000. — m] x
—— HYDRUS forward N L N
Ztop Zbot wms HYD for inversion 0"'; ne 043 th 0"';
0.00 40.00 +ss Dbservations 0,353 0,353 0,353
j— s §| - ] - PR
s .3 te| E H 3
- 2 033 2 03 8 033
£ 9000 £ 74 £ 79 € 7
E aooo] 8 0253 = 8029 = 8o2sd
c = 4 = 4 e 7
£ 7000 £ 23 £ 23 48 423
2 oo | z u,zE s u,zE 1z u,zE
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For observing the entire data set, we activate3tDeeditor. We reduce the depth interval for
computingthe water columthus getting a better resolutiohthe MRSwater content estimate
at shallow depthAnd we reload MRS datd.¢ad). The difference between the water contents
along profile varies betweer0.18 and 0.23 and the mesquare difference computed
considering the entire data set is 0.07.

& samovar HYDRUS-co..  — m} X | @ Difference: HYD-Sam - | X [p000.. — ] X h z=-1000...
Import data Export data 3 "
S — F3Ded. - X | pa =

HYDRUS  Load HYD>HYD  Save bE
O [ i 0,253
Obs. depths |_1u Sam HYD Manual scale Time step: (100,00 ]
- |-|-| Sam->HYD g5ave Time  Depth 6 023
=S = I Min: 000 oo0  [ooo (B 73
Data points I ﬂl & 0,153
Max: [0.00 [0.00  [0.00 E
Samoval | pad Graphs " HYDR.  Sam. & Difi} 0.1
" Cascade - - — : !
* Samovar 6.6 6: Set 0 i
" Samovar 12.x * Side by side -0.18 0.03 0.23 Tii
¥ Position auto AMSE(3D) [0.070244 - :
] . z=-1300.... 1
Compute volume W 3-D editor < 000 ]
|'|55.5]1
Zto Zbot HYDRUS forward Time (days) RMSE(V) 04
P === HYD for inversion i [
0.00 20.00 zafUbsorations & HvDRUS data - [m] x @ samovar data - ] x
T 80004 =
E 7000
< E
5 6000
8 5000
¥ f
£ 4000 _
1000 2000 30004000 5000 6000 7000 8000 =
Time (days) g.
71 i i
BIUeGriffon ®z=1500..  — u x
0.4
. =035 o sow 0 5000
g 033 o [ = Time (days) Time (days)
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We get this result using the default parameters for MiR&ersion The difference can be
reduced by selectingrmother equivalent MRS inverse mod#Ve can alse@hange the water
flow model for better adjusting MRS measuremenitius, the uncertainty in the modeling
results is defined by the equivalence problem for both MRS and water flow modeling.

The computedwater conterst are automaticallystoredin the harddisk These files can be
visualizedusingthe SurferandGrapherprograns.

D > work > tst-book » data-book > HYDRUS-model * infiltration-2-layers > HYDRUS_to_Surfer

~

~ Nom Maodifie le Type

_iﬁ HYDRUS_to_Surfer.dat 26/06/2021 0738 Grapher Worksheet

tst-book > data-book * MRS-models * Model-for-HYDRUS * model-for-HYDRUS * Samovar_to_Surfer

~
~

Nom Type

_iﬁ Difference_to_Surfer.dat Grapher Works
Jﬂ Samovar_to_Surfer.dat Grapher Works
jﬂVolume_to_Grapher‘dat Grapher Works
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Chapter 6 SAMOVARX7:file formats

tnamenmcE: parameters for computinthe linear filter (the matrix)

This file containgparameters for computirtge linear filter (the matrix)This can be red with
SAMOVAR 6x7computingprogram.

5q80-example.nmc - Bloc-notes
Fichier Edition Format Affichage Aide
‘ 2.08 80.00 @.00 1.09
0.00 a.00 a.00 0.08

3.00 20.00 10.00 48.00
0.00 a.00 a.00 0.08
0.00 a.00 2.00

0.00 8.00 8.08 0.08

8.00
0.00

2000.00 -55.00 120.00 49.00 16000.00
80.00 300.00 30

0.00

0.00

8.00 8.00
0.00 a.00
.08 0.0

. 00 ?.00 .00 8.00 0.00 9.00 9.00
0.00 a.00 a.08 08.00 0.00 8.00 a.00 0.08
0.00 8.00 9.08 .00 0.00 .00 @.00 0.08

8.00

0.00

0.00 a.00

0.00 .00

@.08 0.00 0.00 0.00 8.00

onamemrmg: the linear filter (the matrix)

This file contains coefficient®r computingthe linear filter. This can be red wiBAMOVAR
6X7 inversionandSAMOVAR 6x7forward modelingprograms.

| sq80-example.mrm - Bloc-notes :
Fichier Edition Format Affichage Aide 2
| -55 2 80.00 2000.00 3
0.0200 100000000 .00 4
20.0000 10.00 5
40.0000 80.00 6
300.0000 300.00 7
0.0000 9.00 3
0.0000 0.00 9
0.0000 0.00 10
1.0000 0.0500 11

1.3234 0.0997 12

1.6491 0.1536 13

1.9832 9.2139 12

2.3355 0.2817 15

2.7200 0.3584 16

3.1548 9.4450 17

3.6617 @.5425 18

4.2667 0.6516 19

4.8997 0.7733 20

A B
-55 2
0.0200 100000000.00
20.0000 10.00
40.0000 80.00
300.0000 300.00
0.0000 0.00
0.0000 0.00
0.0000 0.00
1.0000 0.0500
1.3234 0.0997
1.6491 0.1536
1.9832 0.2139
2.3355 0.2817
2.7200 0.3584
3.1548 0.4450
3.6617 0.5425
4.2667 0.6516
4.9997 0.7733
5.8945 0.8082
6.9892 1.0572

(C D
80.00 2000.00

Alc¢the inclination of the geomagnetic field (degr.); Bbop type; CX Loop size (m); Ddthe Larmor

frequency (Hz).

Lines2 - 8: Ag depth (m); Bresistivity (\.m).
Lines9 - 108 coefficients for computinthe linear filter.

cnamemod: MRSforward modeing parameters

This file contains parameters of the MRS forward model and can be re8 AMIOVAR 6x7
forward modelingprogram.

_| model-demo-1.mod - Bloc-notes

Fichier Edition Format Affichage Aide

| 240 40 248 20 40 240

@ 1.00 12.00 ©.0 ©.00 2000.00 0O
116 12000.0 1 50.00 @ ©.00000
20.0 40.0 0.2000 0.2000 0.000 0.4000
o\

Model: It is a demo model

<} 5}
50.00
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dname.ed: syntheticMRSsignal

The anplitude ofthe MRS signal in this file is computed considering the relaxation with the
time constanT," and the dead time of 40 ms.

60.

85
121.
173.
246
35@.
499,
711.
1812

1441.
2051.
2921.
4158.
5920.
8429.

00

A2

61
12

A7

88
53
16
A4
35
97
28
87
76

11

06 -14.
12000.00 -14.41 78.60 79.91 100.3%9

86

a5
29
91

9.
14.
20.
.98
.26
.62
.86 105.
77 147.
158.67
208.78
252.99
260.19
196.99
106.11

77.78

82
25
14

12.
18.
25.
37.
52.
74.

201.
264.
316.
316.
222.
106.

79.

_| model-demo-1.eq - Bloc-notes

58
28
75
a6
78
93
72
68
75
12
26
18
97
91
04

51.
51.
51
51
51

82
16

Fichier Edition Format Affichage Aide
7.
.46
16.
23,
32.

34 4.
18 6.
45 9.
.46 13.
.42 18.
.48 26.
.60 37.
62 52.
.86 71.35
.23 92.63
.12 108.67
.38 102.85
.86 59.82
.96 7.50

.63
.16
.53
.68
.63
.57
.44
.29
9@0.85
119.54
144.86
148.98
112.79
60.76

7.20 51.34
10.47 51.18
14.75 51.45
21.22 51.46
30.22 51.42
42.90 51.48
6@.53 51.60
84.56 51.62

115.52
151.23
181.09
181.04

127.67 62.06
61.22 82.96
0.26 -8.06 44.54 45.26 100.26
-8.25 45.80 A45.75 100.39

51.86
52.23
53.12
55.38

The table comments these data.

A

1 60.00
2 85.42
3 12161
4 | 173.12
5 | 246.47
6 | 350.88
7 | 499.53
8 | 711.16
9 | 1012.44
10 | 1441.35
11 | 2051.97
12 | 2921.28
13 | 4158.87
14 | 5920.76
15 | 8429.06
16 112000.00
a7

B

7.86

11.46

16.05

23.09

32.91

46.67

65.66

91.70
124.61
161.78
189.78
179.63
104.47
13.10

-14.08
-14.41

C

9.82

14.25
20.14
28.98
41.26
58.62
82.86
115.77
158.67
208.78
252.99
260.19
196.99
106.11
77.78
78.60

12.58
18.28
25.75
37.06
52.78
74.93
105.72 51.60
147.68 51.62
201.75 51.86
264.12 52.23
316.26 53.12
316.18 55.38
222.97 62.06
106.91 82.96
79.04
79.91

E
51.34
51.18
51.45
51.46
51.42
51.48

100.26
100.39

F
4.50
6.56
9.19
13.22
18.85
26.72
37.60
52.50
71.35
92.63
108.67
102.85
58.82
7.50
-8.06
-8.25

G

5.63
8.16

H
7.20
10.47

11.53 14.75
16.60 21.22
23.63 30.22
33.57 42.90
47.44 | 60.53
66.29 84.56
90.85 115.52
119.54 151.23
144.86 181.09
148.98 181.04
112.79 127.67
60.76 61.22
44.54 | 45.26
45.00 45.75

51.34
51.18
51.45
51.46
51.42
51.48
51.60
51.62
51.86
52.23
53.12
55.38
62.06
82.96
100.26
100.39

Lines 1-16: A ¢ the pulsemoment (Ams) B¢ real amplitude of the FID1signal (n\)C ¢ imaginary
amplitude of the FID1signal (nV)D ¢ amplitude of the FID1signal (n\f)E- phase of theFID1signal
(degr.) F¢ realamplitudeof the FII2 signal (n\{)G ¢ imaginaryamplitudeof the FII2 signal (nV))H ¢

amplitudeof the FI® signal (n\/)I - phase of the~I2 signal (degr.).

onameinpe: datasummaryfile

finame.inp f i | e
This file is generated e MRS forward modelingrogram (SAMOVAR 6x7)

S

generated
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_| model-demo-1.inp - Bloc-notes
Fichier Edition Format Affichage Aide
fodel: Tt is a demo model
Loop: 2 - 80.8 x N Date: 24.06.2021; Time: 17:39
N q e t2 noise Udc freq phase
2 16 9000.0
e 5} e 5} e 0.00 5}
1 59 12.58 5} 0.8 0 2000.00 51
2 85 18.28 5} 0.8 0 2000.00 51
3 121 25.75 5} 0.0 0 2000.00 51
4 173 37.06 0 0.0 0 2000.00 51
5 246 52.78 0 0.0 0 2000.00 51
6 350 74.93 0 0.0 0 2000.00 51
7 499 105.72 2 0.0 @ 2000.00 51
8 711 147.68 2 0.0 @ 2000.00 51
9 1012 201.75 5} 0.0 Q 2000.00 51
10 1441 264.12 5} 0.8 0 2000.00 52
11 2051 316.26 5} 0.8 0 2000.00 53
12 2921 316.18 5} 0.0 0 2000.00 55
13 4158 222.97 0 0.0 0 2000.00 62
14 5920 106.91 0 0.0 0 2000.00 82
15 8429 79.04 0 0.0 0 2000.00 100
16 11999 79.91 2 0.0 0 2000.00 100

Line 3:N = number of q value; gifirst pulse parameter; € FID1 amplitude; T FID1 relaxation time
T2*; meanambient noise; Udeg DC/DC voltage; freq FID1 signal frequency; phageFID1 signal
phase

Line 4:2 ¢ antenna tyge; 16 number of Q value9000¢ amplification factor.

Sinceline 5 ¢ MRS data.

oname.0@, cname.0E, chame.0Z, ... ,o(hame.N¢ Maw-data time series

Each file containme-records corresponding tme value of pulsemoment aftestacking

| model-demo-1.01 - Bloc-notes
Fichier Edition Format Affichage Aide
b@%.@@ %} 2} 2 %} 2} 0.00 0.00 120
128 112 20 320 120 160 28 320 120 2 2}
0.00 27.79  -49.77 43.69 0.00 9.71 36.69 43.69 9.00 -45.64 -40.50 0.00 0.00
2.0 -36.50 -40.32 43.69 .00 9.88 42.04 43.69 8.0 -33.53 42.51 .00 0.00
4.00 -30.46 3.89 43.69 0.00 25.81 18.18 43.69 9.00 -14.25 7.57 0.00 0.00
6.00 11.16  -44.24 43.69 0.0 -28.23 52.52 43.69 0.00 -14.86 a.73 .00 0.00
8.00 28.47 37.74 43.69 0.0 -30.94 11.62 43.69 0.00 -19.96 -4.40 0.00 0.00
10.00 21.85 47.81 43.69 0.00 -21.74 31.33 43.69 0.0 -48.99 -6.56 .00 0.00
12.80 -17.50 -49.68 43.69 0.00 3.08 42.53 43.69 9.0 -28.42 -28.23 0.00 0.00
14.00 11.51  -33.55 43.69 0.00 19.95 -15.23 43.69 .00 31.49 31.71 .00 0.00
16.80  -15.17 -33.35 43.69 0.00 1.88 9.9 43.69 0.00 1.42 -3.74 0.00 0.00
18.00 25.10 -2.14 43.69 0.00  -25.49 9.29 43.69 .00 22.09 -23.57 .00 0.00
20.00 -42.19 10.24 43.69 0.0 -13.72 49.43 43.69 0.00 -10.70 38.32 0.00 0.00
22.00 -18.98 25.44 43.69 0.00 36.29 8.70 43.69 .00 -9.70 42.83 .00 0.00
24.00 -34.89 -37.17 43.69 0.00 49.81 29.40 43.69 0.00 -46.83 -6.55 0.00 0.00
26.00 -48.40 -43.76 43.69 0.00 19.78 -22.76 43.69 .00 18.68 -39.57 .00 0.00
28.00 -47.12 -9.74 43.69 0.00 2.39 -32.28 43.69 0.00 18.32 -36.30 0.00 0.00
30.00  -40.37 21.33 43.69 0.00 -39.24 -14.93 43.69 .00 -4.47 -20.98 0.00 0.00
32.00 -22.79 26.28 43.69 0.00 -29.80 20.04 43.69 0.00 14.80 18.24 0.00 0.00

Line 1 clock frequency (Hzthe current pulsephase shift(degr) the amplifier phase shift (degr)
antenna type mean ambiennoise(nV) Udc/dc(V); amplificationfactor; Tximpedance {V); number
of readings.

Line2: parameters of the measuring sequence.

SincelLine3: time (ms) noisechannelX (nV) noisechannelY (nV) the firstpulsechannel X; the first
pulsechannel YsignalFIDOL channelX(nV) signalFIOL channel YnV) the secongulsechannel X; the
secondpulsechannel YsignalFID2channelX (nV)signalFID2channel YnV) signalSEchannelX (nV)
signalSEchannel YnV)

oname.Dg, oname.fE, cname.fZ, ... tname.N¢ €iltéred time series

Each file contaisfiltered timerecords corresponding tme value of pulsemoment
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| model-demo-1.f1 - Bloc-notes
Fichier Edition Format Affichage Aide
| 105
9.0 24.142 6.406 -4.610 -8.881 -3.851 24.796 -16.456 4.267 0©0.000 0.000
2.0 20.468 9.346 0.202 -5.307 -6.291 21.686 -13.698 -0.923 0.000 ©.000
4.9 18.203 10.384 1.9082 -5.966 -7.759 19.753 -12.427 -1.802 ©0.000 0.000
6.0 14.343 4.906 -2.304 -5.001 -2.733 15.026 -10.026 -1.453 0.000 0.000
8.0 13.823 ©.995 -8.402 -12.559 2.224 13.713 -5.839 -0.129 0.000 0.000
10.0 11.135 -2.463 -12.947 -17.852 5.126 108.250 0.057 1.784 ©0.000 0.000
12.8 8.464 -1.923 -14_.717 -11.857 4.979 7.7863 1.128 4.007 0.000 0.000
14.0 11.307 -0.966 -19.379 -7.179 A4.179 10.620 -3.790 1.006 0©0.000 0.000
16.0 12.036 -2.619 -22.183 -5.914 6.293 10.758 -6.082 1.881 0©0.000 0.000
18.0 18.502 -2.899 -21.832 -4.659 6.671 9.093 -6.765 -0.188 0©0.000 0.000
20,8 5.777 -2.233 -16.758 -7.014 4.4A8 A.728 -5.039 -56.669 0.000 0.000
22.0 3.796 -2.865 -16.063 -6.127 A4.095 2.572 -4.934 -9.284 0.000 0.000
24.0 1.893 -2.482 -14.157 -5.027 3.325 0.861 -4.875 -11.482 ©0.000 0.000
26.0 ©.589 -1.920 -11.237 -3.863 2.507 -0.188 -5.089 -13.010 ©0.000 ©.000
28.0 ©.322 -2.041 -7.832 -2.942 2.008 -0.520 -5.700 -13.815 0.000 0.000
38.80 B8.172 -1.822 -4.662 -2.467 1.965 -0.271 -6.567 -13.959 0.000 0.000
32.0 1.141 -1.670 -2.354 -2.356 2.220 0.302 -7.340 -13.524 0.000 0.000
34.0 1.733 -1.363 -1.163 -2.330 2.468 0.929 -7.694 -12.621 0©.000 0.000
36.0 2.206 -1.092 -0.866 -2.180 2.496 1.435 -7.575 -11.505 0.000 0.000

Line 1 number of readings.

Sinceline 2 time (ms);signal FIDamplitude(nV); signal FIDdoise(nV); noise channel X (n\Wpise
channel YnV) signalFICL channelX (nV)signalFIOL channel YnV) signalFID2channelX (nV)signal
FID2channel YnV)} signalSEchannelX (nV)signalSEchannel YnV)

Gyl Y $ twe@idnsummaryfile

_| model-demo-1.nvi - Bloc-notes

Fichier Edition Format Affichage Aide

fodel: Tt is a demo model
Loop: 2 - 80.8 x N Date: 24.06.2021; Time: 17:39

NUMIS data set: C:\D\work\tst-book\data-book\MRS-models\model-1\model-demo-1.1inp
matrix: C:\D\work\tst-book\data-book\matrix\sq8@-example. mrm

loop: square, side = 80.0 m

geomagnetic field:

inclination=-55 degr, magnitude= 46948.36 nT

filtering window = 200.0 ms
bandpass = 10.00 Hz
permeability constant Cp = 7.00@e-89

average S/N = 7.59; EN/IN = 2.13
mean_noise = 5.56 nV
fitting error

RMSE FID1 = 5.81 nV

RMSE FID2 = 7.16 nV

RMSE T1 = 120.08 ms
param. of regular. (PR)
PR w = 63.2
PR T1 = 182.152
number of layers = 16
number of pulse moments = 16
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onameno\g: inversionresults

It is convenient to describe these data cut into a two tables:

Line 1 parameters of the measuring sequence.

Line 2 A- number of layersn the inverse modeB ¢ number of pulse moments; Gnclination of the
geomageticfield (degr.); D¢ the Larmor frequency; Eloop type; K¢ loop size.

Lines3 - 18: A- depth from(m); B¢ depth to (m);C¢ depth layercenter (m); D ¢ water content non
extrapolated (%)E ¢ T2* (ms);F ¢ water content extrapolated (%G ¢ T1 (ms);H - permeability
(hydraulic conductivityjm/s) of the correspondindayer;l ¢ transmissivity (m2/s) of the corresponding
layer.
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