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Improvement of the inspection of dikes by

GMS
in the Czech republic

Vojtech Benes, Zuzana Boukalova

GMS! What is it?

GMS = Geophysical Monitoring System 

complex methodology of geophysisical investigation of a dikes

designed like a new techniques of dike inspection

- visual inspection

- analysis of airborne or satellite photographs 

- repeated levelling of fix points on the top of the dikes

- LIDAR technic

objective information on the dike structures and used
materials is missing – additional investigation is required

Methodology of dike inspection used so far
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History of GMS – relating projects

Project IMPACT (financed by 5th FP EU)
Selection of appropriate geophysical methods, GMS methodology

Project FLOODSite (financed by 6th FP EU)
Selected methods appropriateness validation, GMS function

Project of AVČR, EUREKA, GIH01
Example database, processing software

Starting points for the solution:

flood control dikes form very long structures –

adherence to a favourable cost

of investigation / acquired information ratio

combination of fast and cheap techniques for the basic 
description of long dike segments with more exacting 
methods for detailed description of problematic dike 

segments.

risk of damage due to dike breach is only posed during the flood

– however, ongoing controls have to be carried out in „dry“ period 

the reasons for dike breach mostly have their „history“ 

in used materials and geological conditions
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Quick testing 

measurement

Dike inspection

Plan of repairs

Diagnostic measurement 
Measurement of 

geotechnical condition

GMS 

Geophysical Monitoring System

Presentation of GMS: Quick testing measurement:
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Basic methods:
DEMP method

(with multi-frequency and GPS navigation system)

GPR method

Output:
basic description of the dike structure and material, 

delimitation of quasihomogeneous blocks
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Diagnostic measurements of problematic segments
Basic methods:
- resistivity tomography

- self potential method 

- thermovision, thermometry

- microgravimetry

-seismic method

-GPR 

Outputs:

- detailed identification of problematic segments 

(seepage events, slope deformations, etc.)

- analysis of reasons for a defect occurrence

- grounds for the repair project
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Measurement of geotechnical condition

Basic methods:
detailed seismic measurement 

(MASW) 

microgravimetry

Outputs:
description of geomechanical 

properties: bulk density, 

modulus of elasticity, porosity, 

long-term changes of properties 

after the flood events 

(ageing of earth structures)
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Main inovation

Quick testing measurement by DEMP method 

using a multi-frequency apparatus GEM2

Quick testing

measurement

Dike inspection

Plan of repairs

Diagnostic measurement 
Measurement of 

geotechnical condition

The principle of DEMP method:

EM method, beginnings in the 1950s,

using mostly for military purpose

two dipoles at a constant distance, 
transmitter – primary electromagnetic 
field – induction in the studied medium –
secondary electromagnetic field –
receiver

relation between the primary and the 
secondary field can be converted to 
conductivity of the medium in which 
induction occurs

by shifting a sensor along the profile we 
get conductivity profile curve
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QTM interpretation – 3 types of information

Quasihomogeneous blocks – dike material composition
Local inhomogeneities
Time unstable anomalies = monitoring function of system 

Using special software for dataprocessing – GMS_data

Start of interpretation – analysis of field notes and 
determination of „Invalid“ blocks
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Quasihomogeneous blocks – dike material composition

Quasihomogeneous blocks – dike material composition
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R-squared = 0.92

R-squared = 0.57

Locality: river Odra,
segment Hrušov - Bohumín,
right bank

profile P2
top of the dike

 (vrty J3, J9, J11, 
J13, J15, J19, J21)

       profil P1
water foot of dike
    (vrty J4, J10, 
   J12, J14, J22)

sample representing layer with range to 40 %
in the zone of method functionality 

sample representing layer with range from 40 % to 70%
in the zone of method functionality 

sample representing layer with range over 70 %
in the zone of method functionality 
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Local inhomogeneities

Local inhomogeneities

Profil S2
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Locality Špluchov
Detection of local inhomogeneity - repair of breach.
Project IMPACT (measured in 2003)

QTM measurement
( DEMP method, 
 GEM2 apparatus)

  6325 Hz
16475 Hz
24475 Hz
35625 Hz

documented size of the breach

Breach size, gradual settlement of insufficiently 
densed soil in the area of reconstruction
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Profile J2

QTM measurement
( DEMP method, 
 GEM2 apparatus)

  6325 Hz
16475 Hz
24475 Hz
35625 Hz

Locality Jilešovice.
Detection of local inhomogeneity - repair of the breach
Project IMPACT (measured in 2003)

documented size of breach

Documentation of  
breach in 1997
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Time unstable anomalies – analysis of repeated measurement

Time unstable anomalies

� in the places of seepage events, we identified shape deviations in 

the diagrams of the measured resistivities, probably caused by 

higher dike material saturation with water   

� the analysis of the repeated measurements at different levels of 

dike saturation with water allows to delimitate the seepage 

pathways

� in the interpretation, we have to proceed to assess relative shape 

changes in the measured resistivity curves. In this way, we inhibit 

the showing of „normal“ season changes in the resistivities. 
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The proposed schedule of measurement within GMS

Q T M

D M

M G C

INTERPRETATION

T B D

Technical
Verification

Dike
Repair

DataBase

Dike Surveying 

and Surveillance

Software for GMS presentation of results

GMS_view

1. Imaging of measured segments in map

2. Imaging of selected parameters in map (disturbed segments, 

quasihomogeneous blocks, conductivities)

3. Detailed imaging of measured parameters in the form of graphs

4. Documentation points: photographs, comments, interpretation of 

DM, assessment of anomalies
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The process of QTM monitoring measurements 

1. Field measurement (1km approx. 20 minutes)

2. Data download and transfer to interpretation centre (15 minutes)

3. Interpretation of measured data using GMS_data (20 minutes)

4. Data filing and interpretation in database (5 minutes) = 

= online access to results using GMS_view

1 km of QTM monitoring measurement
per 1 hour

� 3 of 5 river basin areas

� concentration on segments of the dikes which 
regulate watercourses in the vicinity of bigger towns

� 350 km in the Morava river basin

� 105 km in the Odra river basine

� 45 km in the Labe river basine

� approx. 21 % of the total volume of the dikes in the 
Czech Republic

Application of GMS System in the 
Czech Republic – current state



UrbanFlood Workshop 2010 - Amsterdam 

November 11 & 12

12

Application of GMS System in the 
Czech Republic – current state

Advantages of GMS System

Simplicity – data can be collected by workers of dike manager

acceptable cost of survey

Flexibility – fast data transfer to the centre of interpretation, 

visualisation of result from database by internet

Multi-output system – material description (input for modeling,

relative permeability)

in/homogeneity description 

(interpretation of old breach, old river bed, 

unsuitable materials)

optimal design of drilling

specification of seepages (repeated measurement)
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Future of GMS System

Time to change?

- observed physical parametrs

- geophysical methods

- equipment

- data processing

- result presentation

- resistivity, conductivity, SP

- EM (DEMP)

- new!!! - repeatibility, 

stability, accuracy  (GPS)

- automatic crossection, 

4D anomaly

- layer of GIS system 

designed for endusers, 

entry data for modeling

Thanks for your attention!

RNDr. Vojtěch Beneš

benes@gimpuls.cz


