
2 
 

 

 

 

 

 

 

 

 

SAMOVAR 6x7 

 

 

 

USERôS GUIDE 

 

 

 

 

 

 

 

written by 

Anatoly Legchenko 

2021 

  



3 
 

Contents 

Introduction ............................................................................................................................................. 4 

Installing SAMOVAR 6x7 ...................................................................................................................... 4 

1-D forward modeling workflow ......................................................................................................... 5 

1-D inverse modeling (inversion) workflow ........................................................................................ 5 

SAMOVAR ς HYDRUS convertor .......................................................................................................... 6 

Chapter 1. SAMOVAR 6x7: computing the linear filter ........................................................................... 8 

Setting Tx/Rx loop ............................................................................................................................... 8 

Setting computing configuration ......................................................................................................... 9 

Chapter 2. SAMOVAR 6x7: forward modeling ....................................................................................... 11 

Chapter 3. SAMOVAR 6x7: inversion ..................................................................................................... 14 

Chapter 4. SAMOVAR ς HYDRUS convertor .......................................................................................... 22 

Chapter 5. Getting started ..................................................................................................................... 29 

MRS forward modeling ...................................................................................................................... 29 

MRS inversion .................................................................................................................................... 31 

MRS and water flow modeling .......................................................................................................... 33 

Chapter 6. SAMOVAR 6x7: file formats ................................................................................................. 39 

άname.nmcέΥ ǇŀǊŀƳŜǘŜǊǎ ŦƻǊ ŎƻƳǇǳǘƛƴƎ ǘƘŜ ƭƛƴŜŀǊ ŦƛƭǘŜǊ όǘƘŜ ƳŀǘǊƛȄύ ............................................. 39 

άname.mrmέΥ ǘƘŜ ƭƛƴŜŀǊ ŦƛƭǘŜǊ όǘƘŜ ƳŀǘǊƛȄύ ....................................................................................... 39 

άname.modέΥ aw{ ŦƻǊǿŀǊŘ ƳƻŘŜƭƛƴƎ ǇŀǊŀƳŜǘŜǊǎ ........................................................................... 39 

άname.eqέΥ ǎȅƴǘƘŜǘƛŎ aw{ ǎƛƎƴŀƭ ...................................................................................................... 40 

άname.inpέΥ Řŀǘŀ ǎǳƳƳŀǊȅ ŦƛƭŜ ......................................................................................................... 40 

άname.00έΣ άname.01έΣ άname.02έΣ ΦΦΦ Σ άname.0NέΥ Ǌŀǿ-data time series...................................... 41 

άname.f0έΣ άname.f1έΣ άname.f2έΣ ΦΦΦ Σ άname.fNέέΥ ŦƛƭǘŜǊŜŘ ǘƛƳŜ ǎŜǊƛŜǎ .......................................... 41 

άƴŀƳŜΦƴǾƛέΥ ƛƴǾŜǊǎƛƻƴ ǎǳƳƳŀǊȅ ŦƛƭŜ .................................................................................................. 42 

άƴŀƳŜΦƴƻǾέΥ ƛƴǾŜǊǎƛƻƴ ǊŜǎǳƭǘǎ ........................................................................................................... 43 

άname.nblέΥ ǘƘŜ ōƭŀŎƪ ƭƛǎǘ .................................................................................................................. 44 

άname.nidέΥ ǊŜŎƻǊŘǎ ŦƻǊ ƛƴǾŜǊǎion ..................................................................................................... 44 

άname _TF.txtέΥ ǇŀǊŀƳŜǘŜǊǎ ŦƻǊ ǘƘŜ ¢ƛƪƘƻƴƻǾ ǊŜƎǳƭŀǊƛȊŀǘƛƻƴ ........................................................... 45 

Index ...................................................................................................................................................... 46 

 

 

 

  



4 
 

Introduction 

Magnetic Resonance Sounding (MRS) is 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 surface and the MRS signal allows detecting groundwater with a high degree 

of reliability. Measurements with varied pulse magnitudes then reveal the depth and thickness 

of water-saturated 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 MRS 1-D forward modeling and inversion (inverse modeling). 

SAMOVAR is fully compatible with data issued from NUMIS, NUMISPLUS, NUMISPOLY, 

NUMISAUTO and NUMISLITE instruments fabricated by IRIS Instruments.  

The following programs compose the SAMOVAR 6x7 software package:  

¶ SAMOVAR 6x7:  computing - MRS linear filter (file: Samovar_6x7_comput.exe). 

¶ SAMOVAR 6x7 modeling - 1-D forward modeling of MRS signals 

(Samovar_6x7_mod.exe).  

¶ SAMOVAR 6x7 inversion - data processing and 1-D inversion of MRS data 

(Samovar_6x7_inv.exe). 

¶ SAMOVAR ï HYDRUS convertor - inter-software data convertor 

(Samovar_12x1a_HYDRUS_conv.exe). 

System requirements 

SAMOVAR 6x7 has been developed for Windows 32-bit environment. It works with the 

Windows NT, XP and later versions, including Windows 10.  

All the functionalities are guaranteed for the following PC configuration (the minimum 

requirements):  

¶ Windows NT, XP and later  

¶ Pentium III microprocessor (800 MHz) and better  

¶ 128 Mb RAM memory and more  

¶ 1024 x 768 screen resolution and better  

Installing SAMOVAR 6x7 

For installing Samovar 6x7 you need to unzip the compressed file ñSamovar_6x7.zipò and copy 

all the files to a folder in which you may to read and write. For example: ñC:\D\work\tst-

book\Samovar_6x7ò. 
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1-D forward modeling workflow  

The forward modeling procedure allows computing MRS signals corresponding to the 

prescribed measuring conditions with a vertical profile of the water content. 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 signals are computed 

in two steps: 1) the linear filter contains the parameters of the subsurface and of the measuring 

setup; 2) the water content and the relaxation times are added to the subsurface described by 

the linear filter. The output of the MRS forward modeling is a data set simulating experimental 

data measured with the NUMIS MRS instrument.  

 

 

1-D inverse modeling (inversion) workflow  

The inverse modeling (inversion) procedure allows computing the water content and the 

relaxation time vertical profiles, considering the prescribed measuring conditions and 

corresponding to measured or simulated MRS signals. 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 signals computed using an inverse model. The output of the MRS inverse modeling 

is the inverse model that fits experimental data and composed of the vertical profiles of the 

water content and the relaxation times.  
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SAMOVAR ς HYDRUS convertor   

The SAMOVAR ï HYDRUS data convertor allows two principal tasks.  

1) The MRS forward modeling can be carried out using the water content in the subsurface 

provided by a water flow modeling with the HYDRUS-1D software. The output of the 

MRS forward modeling is a data set simulating experimental data measured with the 

NUMIS MRS instrument.   

 
 

2) The water content in the subsurface provided by MRS inversion can be compared with 

that provided by a water flow modeling carried out with the HYDRUS-1D software. 

The discrepancy between these two data sets may allow revising the water flow model 

and/or the MRS inverse model. The joint inversion of the SAMOVAR and HYDRUS-

1D data is not included in the SAMOVAR 6x7 software package.  
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Chapter 1. SAMOVAR 6x7: computing the linear filter 

Setting Tx/Rx loop 

The first step comprises selecting the measuring loop.  

 

Loop types supported by SAMOVAR 6x7:  
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Setting the loop geometry.  

 

The loop geometry can be visualized (Draw) saved as an image (Save) or printed out (Print). 

OK button confirms the loop.  

Setting computing configuration  

 

The configuration window comprises four major sections.  

Parameters for computing menu allow setting the information about the geomagnetic field 

(GMF): the Larmor frequency 
0

f  is proportional to the magnitude of the GMF 
0

B  

)2(
000

Bf
p
gpw == ; the GMF inclination, including the hemisphere of a measuring site; the 

max depth of the linear filter computing (the recommended value is equal to 1.5 of the loop 

size); the max value of the pulse moment (the recommended value is 16000 A-ms) 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 pulse frequency (both values are provided by the measuring device).  

Loop position graph shows the loop geometry (Set loops).  

Geoelectrical cross-section table allows setting the number and geometry of the electrically 

conductive layers in the subsurface.  
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Parameters menu allows saving and loading computing configurations for the multiple use.  

File section starts computing of the linear filter (Run). 

Frequency shift table contains the frequency of measured signal versus pulse moment. The 

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.  

 

Computing running window shows computing progress, which can be canceled (Break) before 

finishing. The Run list menu is not activated for the SAMOVAR 6x7 version.  

 

Computing results are stored in a file ñname.mrmò (160 kB) and the computing configuration 

in a file ñname.nmcò (1 kB). It is recommended to check the file sizes before using the linear 

filter. Incorrect computing may cause problems for the forward modeling and inversion.   
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Chapter 2. SAMOVAR 6x7: forward modeling 

 

Sounding configuration menu allows setting:  

¶ The number of pulses and the max value of the pulse moment.  

¶ The measuring sequence in ms (N ï noise record, P1 ï the first pulse, FID1 ï the signal 

record, D1 ï the first delay, P2 ï the second pulse, FID2 ï the signal record, D2 ï the 

second delay, SE - the signal record).  

¶ These parameters can be set equal to the data set parameters (Load). The data set file 

ñname.novò is generated by the inversion routine. Raw data cannot be loaded.  

¶ A random noise can be added to the synthetic time series (Add Noise): 

 

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 model is provided by the linear filter also notated as ñthe matrixò (Load).  

Water-saturated-layers table allows setting the top and the bottom of water-saturated layer with 

the water content (in %), the relaxation time and the frequency shift for each layer. The table 

can be edited using ñEdit layersò buttons. For computing MRS response corresponding to the 

table, just double-click selectin one of the table cells. Each signal parameter can be increased 
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or decreased by using ñ+ò or ñ-ñ buttons of the RMS(nV) section. The root-mean-square error 

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 allows a verification of the linear filter (matrix):  

 

As well as the data summary provided by the inversion routine:  

 

Make model menu allows either to compute the set of synthetic data or to load previously 

saved model.  

Graphical menu in the right-hand side of the processing window allows visualizing synthetic 

and experimental signals. The graph can be scaled using the mouse buttons as well as Auto and 

Zoom buttons, saved (Save) and printed out (Print ).  

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

synthetic data.  
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Chapter 3. SAMOVAR 6x7: inversion 

Main window contains the menu bar and the text box. The focus can be set to this window by 

using the shortcut F3. The text box summarizes the data processing and inversion results. The 

menu bar running inversion and configuring the inversion workspace.  

 

File menu with the shortcuts allows loading recorded time series (signals) or results of the 

previous inversion, printing out or saving graphical representation of the inversion results and 

closing graphs. The F10 shortcut can be used for exit the inversion program.   

 

Run menu allows starting inversion. SAMOVAR 6x7 program supports the amplitude 

inversion. Inversion of complex signals is not included in this version.  
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Configuration menu allows saving and loading different configurations of the graphical 

windows in the workspace. Each configuration is automatically saved as the current 

configuration. Different 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.  

 

Graphics menu allows appointing graphs to the selected by the mouse graphical window in 

the List mode or selecting graphs for using in the Roll mode.  

 

Windows menu allows opening a new graphical window and setting focus on the main window 

(see main window) or the control bar window (see control bar). The graphical windows can be 
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shown as the cascade or side-by-side (arrange). The focus can be set on any active graphical 

window.  

 

Control bar window allows individually scaling graphs in the graphical windows. The shortcut 

to this window is F4. Graph option sets the List or the Roll mode for the selected graphical 

window. In the Roll mode, the pre-selected graphs can be shown in a sequence by using << or 

>> buttons. For pre-selecting graphs in the Roll mode, one needs to set focus on one graphical 

window and to select with the mouse left button graphs exposed in the Graphics menu of the 

Main window.  

 

Control menu allows scaling the graph in a focused graphical window. One can Zoom axes, 

set an automatic scaling (data) or set a user-defined scaling (user). In the focused graphical 

window, the graph can be shifted along the X and Y axes (shift). The current scale can be 

temporally saved and loaded using the Memory options (m+ and m-). 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 windows in the workspace depends on the computer screen and the 

graphs the user wants to see when working with the inversion routine. Graphical windows can 
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be opened and closed using the Windows menu of 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 the Configuration menu. The examples below show two different 

configurations.  
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Inversion configuration window allows guiding the data processing and inversion procedures.  

 

NUMIS matrix (name.mrm file) and NUMIS data (name.inp file) have to be loaded using 

corresponding Browse buttons. Description of the Matrix  (linear filter) or the Data set can be 

exposed for verification using the View button in the corresponding windows.  

    

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

noise or because of possible technical problem. For that, the corrupted record can be put to the 

Blacklist. One can open the Blacklist of measurements window using the Edit button.  
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For blacklisting a record corresponding to one pulse moment, one has to double-click on the 

corresponding line in the Blacklist of measurements window. For example, the record in the 

line 6 corresponding to the pulse moment 350.88 A-ms shown in figure above is put in the 

blacklist and will not be considered by the inversion routine. For deleting the record from the 

blacklist, double-click this line again.  

Signal processing menu allows selection the Bandpass or RC filter with the corresponding 

bandwidth. MRS signal is processed considering the record length (Processing window) limited 

by the length of the field record. The Notch filter can be activated for 50 Hz or 60 Hz industrial 

frequency with the Wide or Narrow bandwidth.  

Inversion parameters menu allows selecting the regularization parameter in the Tikhonov 

regularization inversion for water content (w) or for relaxation time (T1). The number of layers 

in the inverse model can be set automatically or manually (Layers number). For computing the 

hydraulic conductivity (permeability), the empirical constant Cp may be set automatically or 

manually.   

Run inversion and analyze inversion results 
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The inversion results are saved in the ñname.novò file. The summary of the inversion results is 

saved in the information file (ñname.nviò). A series of ñname.f01ò, ñname.f02ò, é, 

ñname.f016ò files contain filtered MRS records. Their number corresponds on the number of 

pulses. 

For loading inversion results one can use the Main window menu. Note that if the graphical 

windows contain the graphs with the inversion results and with the MRS records then one needs 

to load the inversion results and then the signals.  

 

NUMIS 1D inversion window contains the summary of the inversion parameters: signal 

processing parameter, estimate of the noise magnitude, average signal to noise ratio (S/N) and 

the external noise to the internal noise ratio (EN/IN), fitting error for the FID1 and FID2 signals, 

regularization parameter for w and T1 inversions, the number of pulse moment and the number 

of layers in the inverse model.  
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Chapter 4. SAMOVAR ς HYDRUS convertor 

Main window shows the options to use for guiding the data exchange between SAMOVAR 6x7 

and HYDRUS-1D programs.  

 

Import data menu allows loading HYDRUS-1D or SAMOVAR 6x7 data sets. A short summary 

of the HYDRUS-1D data set contains information about the number of Observation depths, the 

number of Print times and the number of Data points in HYDRUS-1D model. The number of 

data points is a product of the observation depth number and print times number. One should 

precise the SAMOVAR version to use (Samovar 6.6 data format is compatible with 

SAMOVAR 6x7 format or Samovar 12.x, which is not compatible).   

Compute volume menu allows selecting the depth interval to compute the equivalent water 

column used for estimating the water volume in the subsurface considering the water content 

provided by the MRS inverse model (SAMOVAR) and the water flow forward model 

(HYDRUS). For example, ztop=2 and zbot=12 means that the water column will be computed in 

the layer between 2 and 12 m. The graphical window below visualizes the water columns. This 

graph is sizeable by 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 inversion and 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 Observations show SAMOVAR 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 exposed Side-by-

side or in Cascade.  

 

 

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

difference in-between are shown in three corresponding windows. If Position auto is 

deactivated, then the size and the position of each graph are defined manually.  
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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.  

 

When selecting one window (HYDRUS, Samovar or Difference), the color scale corresponds 

to the selected graph. For setting a manual scale in the selected graph, set the Min  and Max 

values and push the Set button. For the automatic scaling, double-click on the selected graph. 

RMSE(3D) and RMSE(V) show respectively the root-mean-square error (difference) computed 

considering the water content profiles and the water volume (water column) versus time graph 

plotted in the Main window.  

Export data menu allow data exchange between SAMOVAR and HYDRUS.  
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HYDRUS-HYDRUS option allows recording the water content provided by HYDRUS forward 

modeling and corresponding to the HYDRUS observation points to HYDRUS (Save). These 

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

HYD option is set, then data are transferred without modification. This option can be useful for 

testing HYDRUS inverse modeling. If Sam 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 water content and that shown by MRS. This 

option allows testing HYDRUS inversion using MRS data at the observation points.  

Correction of the MRS water content for a direct comparison with the HYDRUS provided water 

content is necessary because of different scales and different resolution for HYDRUS and MRS 

results. The water flow model computed 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.  

 

Measurements of the water volume instead of the instant value of the water content may cause 

a delay between the infiltration front and the volume observed with MRS and the local errors, 

as shown in the figure below (left-hand graph). In this example, the red line shows the true 

water content and the black line shows the MRS estimated water content.   

 

However, local errors can be neglected at larger scale and MRS provides a reasonable 

approximation of the water content (right-hand graph).  

Samovar->HYDRUS option allows transferring MRS measured water content to HYDRUS 

(Save). The MRS water content is used as the initial water content for the water flow modeling. 

HYDRUS->Samovar option performs the MRS forward modeling using the water content 

given by HYDRUS (Save). For that, the linear filter (matrix) has to be computed using 

SAMOVAR computing program and loaded.  
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A random noise can be added to MRS records. A set of synthetic MRS data simulating field 

measurements will be automatically created.   

   

MRS dada set is composed of the ñname.shmò file and the record files containing MRS records 

corresponding to each sounding.  

   

The summary file ñname.shmò contains a summary of MRS data file names and the measuring 

time corresponding to each sounding.  
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SAMOVAR inversion program allows computing the inverse models (Time_1, Time_2 etc) to 

use for the water flow modeling with HYDRUS.  

MRS field data also can be used with the SAMOVAR ï HYDRUS convertor. For that, a field 

data set has to be manually prepared in the same format as the synthetic data set. Information 

about the measuring time corresponds to the time of the ñname.inpò.  

 

For example, the data set contains 34 soundings. Using a text editor, create a file ñname.shmò 

(take care to respect the blank positions):  
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Make MRS 1-D inversion of all the soundings. Create 34 folders named from ñTime_1ò to 

Time_34ò.  

    

Copy all the files corresponding to one sounding in one folders ñTime_Nò. Example below 

shows the data sets in the folders ñTime_1ò and ñTime_2ò.  

   

Note that folders ñAll_novò and ñSamovar_to_Surferò will be created and filled up 

automatically by SAMOVAR ï HYDRUS convertor.  

When modeling a water flow with HYDRUS-1D using MRS data, 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 set N-1 where N is the number of MRS soundings. The first sounding is used for 

setting the initial water content.  
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Chapter 5. Getting started 

MRS forward modeling 

Let us assume the following modeling conditions:  

Å A 80 m-side square MRS loop (the max depth of 120 m).  

Å FID sounding with two 40-ms pulses with the max pulse moment of 12000 A-ms.  

Å The geomagnetic field inclination 55°N, magnitude 46948 nT (the Larmor 

frequency of 2000 Hz).  

Å The geoelectrical cross-section and parameters of the water saturated layer are given 

below:  

 

We compute the linear filter corresponding to the geology and the geographical position of the 

investigated area with SAMOVAR computing program  

 

The linear filter is stored in two files 
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The linear filter represents measuring conditions. For computing MRS signals we use the 

SAMOVAR forward modeling program.  

 

We load the linear filter (matrix), one water saturated layer corresponding to our model and 

compute the MRS signal by double clicking on the water saturated layer. Then, we create the 

data set simulating field measurements (Make) and add 50 nV of the ambient noise.   

 

The data set composed of 19 files (for this model) is saved in the selected folder.  
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MRS inversion 

For this example, we use the synthetic data set created in the previous section. MRS data set is 

composed of many filed that are headed by the ñname.inpò file. In this example, the data set is 

ñmodel-demo-1.inpò. We load the data and the linear filter. For the records processing and 

inversion option we use automatic options with the default parameters.  

 

Inversion results are shown by using the user selected graphical windows and save on the hard 

disk in the same folder with the data set.  
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Working with synthetic data we can compare the initial model and the inverse model being the 

final result of MRS inversion. For reports, it is often convenient to manually define axes and 

graphs.  
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MRS and water flow modeling 

For this example, we created a water flow model using HYDRUS-1D program. The model 

comprises two layers with different hydraulic properties. Both layers are unsaturated. The 

rainfall varies during the monitoring time (8000 days) and we have 11 MRS soundings (one 

sounding performed with an interval of every 800 days).   
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The water flow model is saved in the folder created by HYDRUS-1D.  

 

This model should be loaded with the SAMOVAR - HYDRUS convertor (ñname.outò file). The 

water content provided by HYDRUS-1D can be observed at the depth corresponding to the 

observation points defined in HYDRUS.  

 

If the 3-D editor is activated, then the plot of the water content can be also visualized.  



35 
 

 

Then, a set of files simulating SAMOVAR 6x7 measurements computed considering the 

HYDRUS provided water content can be created using the HYD->Sam Save button. This is 

done in two steps: the liners filter corresponding to the MRS measuring setup is loaded and 

then the data set is saved on the hard disk.  
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For loading MRS water content, MRS measurements have to be processed using the 

SAMOVAR inversion program. Each sounding is processed individually. The time-lapse 

inversion is not supported by SAMOVAR 6x7 version. When inversion is done, MRS water 

content can be loaded by using the Samovar 6.6 Load button. The water content can be 

visualized at HYDRUS observation points and using the 3-D editor.  

An example of the error message shown below says that inversion of one of the sounding 

(Time_11) was not completed.  

 

Set the depth interval for computing the water column (Compute volume) and compare the 

HYDRUS and SAMOVAR water column. The water content at the observation points is shown 

in the graphical windows. The red squares show the HYDRUS water content corrected 

considering the difference between the MRS and 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 visualization or the depth interval for computing the water column are 

changed, then SAMOVAR data have to be reloaded.  
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For observing the entire data set, we activate the 3-D editor. We reduce the depth interval for 

computing the water column thus getting a better resolution of the MRS water content estimate 

at shallow depth. And we reload MRS data (Load). The difference between the water contents 

along profile varies between -0.18 and 0.23 and the mean-square difference computed 

considering the entire data set is 0.07.  
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We get this result using the default parameters for MRS inversion. The difference can be 

reduced by selecting another equivalent MRS inverse model. We can also change the water 

flow model for better adjusting MRS measurements. Thus, the uncertainty in the modeling 

results is defined by the equivalence problem for both MRS and water flow modeling.  

The computed water contents are automatically stored in the hard disk. These files can be 

visualized using the Surfer and Grapher programs.  
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Chapter 6. SAMOVAR 6x7: file formats 

άname.nmcέ: parameters for computing the linear filter (the matrix)  

This file contains parameters for computing the linear filter (the matrix). This can be red with 

SAMOVAR 6x7 computing program. 

 

 άname.mrmέ: the linear filter (the matrix)  

This file contains coefficients for computing the linear filter. This can be red with SAMOVAR 

6x7 inversion and SAMOVAR 6x7 forward modeling programs. 

         

A1 ς the inclination of the geomagnetic field (degr.); B1 ς loop type; C1 ς Loop size (m); D1 ς the Larmor 
frequency (Hz).  

Lines 2 - 8: A ς depth (m); B- resistivity (W.m).  
Lines 9 - 108: coefficients for computing the linear filter.  

 άname.modέ: MRS forward modeling parameters  

This file contains parameters of the MRS forward model and can be red with SAMOVAR 6x7 

forward modeling program.   
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άname.eqέ: synthetic MRS signal  

The amplitude of the MRS signal in this file is computed considering the relaxation with the 

time constant T2
* and the dead time of 40 ms.   

 

The table comments these data.  

 

Lines 1-16: A ς the pulse moment (A-ms); B ς real amplitude of the FID1 signal (nV); C ς imaginary 
amplitude of the FID1 signal (nV); D ς amplitude of the FID1 signal (nV); E - phase of the FID1 signal 
(degr.); F ς real amplitude of the FID2 signal (nV); G ς imaginary amplitude of the FID2 signal (nV); H ς 
amplitude of the FID2 signal (nV); I - phase of the FID2 signal (degr.). 

άname.inpέ: data summary file 

ñname .inpò file is generated by the data acquisition program or by a forward modeling program. 

This file is generated by the MRS forward modeling program (SAMOVAR 6x7).  
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Line 3: N = number of q value; q ς first pulse parameter; e ς FID1 amplitude; T2 ς FID1 relaxation time 
T2*; mean ambient noise; Udc ς DC/DC voltage; freq ς FID1 signal frequency; phase ς FID1 signal 
phase. 
Line 4: 2 ς antenna type; 16 number of Q values; 9000 ς amplification factor. 
Since Line 5 ς MRS data. 

 άname.00έ, άname.01έ, άname.02έ, ... , άname.0NέΥ raw-data time series 

Each file contains time-records corresponding to one value of pulse moment after stacking.  

 

Line 1: clock frequency (Hz); the current pulse phase shift (degr); the amplifier phase shift (degr); 

antenna type; mean ambient noise (nV); Udc/dc (V); amplification factor; Tx impedance (W); number 
of readings.  
Line 2: parameters of the measuring sequence.  
Since Line 3: time (ms); noise channel X (nV); noise channel Y (nV); the first pulse channel X; the first 
pulse channel Y; signal FID1 channel X (nV); signal FID1 channel Y (nV); the second pulse channel X; the 
second pulse channel Y; signal FID2 channel X (nV); signal FID2 channel Y (nV); signal SE channel X (nV); 
signal SE channel Y (nV).  

 άname.f0έ, άname.f1έ, άname.f2έ, ... , άname.fNέέΥ filtered time series 

Each file contains filtered time-records corresponding to one value of pulse moment.  
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Line 1: number of readings.  
Since Line 2: time (ms); signal FID1 amplitude (nV); signal FID1 noise (nV); noise channel X (nV); noise 
channel Y (nV); signal FID1 channel X (nV); signal FID1 channel Y (nV); signal FID2 channel X (nV); signal 
FID2 channel Y (nV); signal SE channel X (nV); signal SE channel Y (nV). 

 άƴŀƳŜΦƴǾƛέΥ inversion summary file 
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 άname.novέ: inversion results 

 

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

 

Line 1: parameters of the measuring sequence.  
Line 2: A - number of layers in the inverse model; B ς number of pulse moments; C - inclination of the 
geomagnetic field (degr.); D ς the Larmor frequency; E ς loop type; F ς loop size.  
Lines 3 - 18: A - depth from (m); B ς depth to (m); C ς depth layer-center (m); D ς water content non-
extrapolated (%); E ς T2* (ms); F ς water content extrapolated (%); G ς T1 (ms); H - permeability 
(hydraulic conductivity) (m/s) of the corresponding layer; I ς transmissivity (m²/s) of the corresponding 
layer. 








