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Geotechnical site investigations used in
detection of internal erosion and leakage in dam
foundations - a case study

Summary:

Application of Electrical Resistivity Tomography (ERT),
combined with Particle Size Distribution (PSD) curves
(obtained through geotechnical drilling, sampling and
laboratory testing of materials), in detection and mapping of
preferred seepage paths and internally eroded soil in
reservoir bottom and dam foundations.
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Schematic of an assumed dam failure mechanism due to
hydraulic instability in the foundations (note: not to scale)
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Solution design from the present state of the embankment

(not to scale)
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Design solution: vertical cutoff (slurry wall) 190 m long and
up to 20 m deep, connected to the upstream asphalt-
concrete screen to form one single impervious barrier
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However, to be able to design a vertical cutoff which would
prevent further hydraulic instability of the embankment,
one must have the following input about the vertical cutoff:

1. How long should it be?

2. How deep should it be?
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Since the main purpose of the vertical cutoff was to increase
the hydraulic stability and reduce the seepage by blocking
the dominant seepage paths, it is critical to accurately
determine where these dominant seepage paths lie (first
indication being the data from dam monitoring and safety
inspections).

A combination of the following site investigation methods
was used:

1. Electrical Resistivity Tomography (ERT)

2. Geotechnical drilling and sampling (incl. laboratory
testing)



Geotechnical site S

investigations
used in detection

of internal erosion [

and leakage in

dam foundations - ‘- S BRETeN

a case study

_» - Verydfast

= .
3 =

— Based on measuring the fv,‘elta»? facaamel =
/‘ calculatlng the electrlcal re5|s |v1t%<§ft e material {soil) -

e S .‘ ; ’. -E -

——— - S
<P - e

g ~

’ —- T ,".‘: m.‘f"' ‘. - ,, e -}.w’ j{- ‘.:-“' -
[ . .IF].‘.".IHD-—_- T T e

ot

' ( ;}7;'_?7 S iTif* :
= Non- destructlve and VII’ iy ni

below

b \-. L

- e W e mmwel ey e . woE - S T e T R e

S



Ceotechnical site

investigations Interpreted ERT sections (parallel to the embankment axis)

used in detection
of internal erosion
and leakage in
dam foundations -
a case study

HED-T-13

HED-T-14

HED-T-15

1457

1407

1357

1307

Nadmorska visina (m)

650 .

A Qoo __1«6'3 @)
g

850

17

Udalienost (m)

Otpornost (Ohm m) HED-T-
S&23zaNB88888233
SERERFREEREE S 8B § a Pozicija kolca na terenu
1 2 3 4 5

\\\I)

Prah, prah pjeskovit, pijesak prahovit

Pijesak, pijesak prahovit
Sljunak pjeskovit

Sljunak srednje do krupnozmati

Sljunak krupnozrnati

Mijerilo: 1:500/500

Obrada: mr.sc. BoZzo Padovan, dipl. inZ. fizike

145

140

135



Geotechnical site
investigations
used in detection
of internal erosion
and leakage in
dam foundations -
a case study

18

\\\I)

ERT "plan views” (one for each specific depth) created from

interpreted parallel ERT sections
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Combining ERT with geotechnical drilling, sampling
and laboratory testing

— Well-recorded and well-interpreted geoelectrical profiles
allowed for quite accurate borehole placement

— Samples were taken at specific depths and taken into
laboratory for PSD testing

— Borehole logs were superimposed over interpreted ERT
sections to scale, with depths at which samples were
taken clearly marked

— This allowed for clear linking of electrical resistivity value
fo the soil to its composition in terms of grain size
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Part of an interpreted ERT section with superimposed
borehole logs and soil sample markings
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— This allowed for plotting of PSD curves on a joint graph,
with the color of the curve depending on the resistivity of
the surrounding soil from which a sample was taken

— Above-stated procedure showed the following:
1. Coarser materials, have higher resistivity than finer materials

2. Well-executed and interpreted ERT method can distinguish
between very small differences in material composition

3. ERT results still need verification via drilling and sampling

4. Dense spacing between contour lines in interpreted ERT
sections (profiles) denotes a sudden change in material layers
in terms of particle size
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Chart with PSD curves linked to electrical resistivity values

Percent passing [%]

90,0

80,0

70,0

20,0

10,0

0,0

10,6000

..,

.
-

1,0000

Grain size distribution chart

0,1000

Grain size [mm]

—— > 1000 Om {1}
e > 1000 Om {2)
il » 1000 Om {3}
—— » 1000 Om {4}
~ 781-1000 Om (1}
s~ 781-1000 Om {2}
~ 781-1000 Om{3)
781-1000 Om {4}
i 521-780 Om (1)
e 521-780 Om {2}
el 521-780 Om {3}
e 52 1-780 O {4)
il 521-780 Om {5}

521-780 Om {6}

—r— 226-520 Om {1}

il 226-520 Om {2}

—— 226-520 Om (3}

——— 226-520 Om {4}

—pe ¢ 225 2 (1)

—— 225 Om {2}

—— « 225 0m {3)

— ¢ 225 Om (4)

—— < 225 0m {5}

--------- Fiiter 1 {Base « 225 Om) max -Var.1
sssscsces Fiitar 1 {Base < 225 0m) min - Var.l

o= == o Fiter 1|Base« 225 0m) max - Var2

== == == Fiter 1{Base« 225 Qm) min -Var.2
— . = Filtar 2 |B3ze 226-520 0m 1) & (3]) max
o=« = Filter 2 {Base 226-520 2m {1) &{3]) min



GCeotechnical site
investigations
used in detection
of internal erosion
and leakage in

dam foundations -

a case study

23

\\\I)

Outputs

Combination of site investigation methods (ERT, drilling and
sampling) and interpretation of their results allowed for the
following to be done:

1. Determine the potential for internal erosion (procedure
proposed by Kenney and Lau, 1985) in underlying gravelly and
sandy material

2. Map the areas where internal erosion was likely

3. Produce a credible and accurate model for geotechnical
seepage analyses (via FEM) in order to optimize the depth of
the vertical cutoff along its length
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Conclusions

1. Early detection of unfavourable processes in the dam

foundation is critical. It is usually achieved by efficient
safety monitoring of the dam

2. Selection of appropriate site investigation methods is
essential to the process of finding a quality solution. It
should be combined with data from dam monitoring.

3. Costs of appropriate site investigations is negligible
compared to the costs which could be incurred by faulty
solutions based on wrong assumptions
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