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Scientific and practical problems related
to the calculation of hydrodynamic parameters of seepage
through earth dams
by Dr. G. Kovacs *

- The modification of the flow pattern and that of the
whole regime of seepage caused by capillarity should be
aslo consirered, especially in cases, when capillary height
is relatively high compared to the depth of the gravitation al
seepage field.
On the basis of theoretical analyses and laboratory
experiments itcan be stated that the necessity of the
investigation of the non Iaminar seepage is very rare in
the practice. The contradiction between this statement
and the result of hodograph mapping might be explained
by supposing. that the flow field is a s.elfregulating system,
in which the increase of velocity raises the resistance with
higher power than unity. There exists, therefore, an upper
finite limit of velocity, which cannot be surpassed at the
exit face. This hypothesis seems to be proved by both
conformaI mapping and laboratory measurements, which
indicate that the maximum exit velocity is independent of
the geornetrical pararneters of the flow field.
The influence of the free exit surface can be weIl
characterized by formulae previously derived, viz.:
- The position of the phreatic surface can be described
by Dupuit's parabola using the height of the exit point
as a lower boundary condition.
- Charnyi proved that the percolating discharge could
be also calculated from the equation proposed by Dupuit,
but for receiving accurate value-taking into account the
effect of the free exit surface as weIl-the depth of the
tailwater should be substituted as lower boundary condition,
although this consideration of the boundary condition seerns
to be theoretically uncorrect.

Abstract
One of the most important problems when designing
earth dams is to consider aIl the effects caused by water
percolating through the body of the dam. For this purpose the following main hydrodynamical parameters of the
seepage have to be determined: discharge, pressure head,
velocity.
There are many methods proposed in the literature for
calculating the special values of the parameters listed
previously. The large scattering of their results indicates,
however, the high uncertainties in and the unsufficient
theoretical bases of the methods.
By studying the velocity or gradient hodographs three
essential flow-and boundary conditions generaIly neglected in the previous classical theories can be determined.
These are as foIlows:
-In the vicinity of the singular point the velocity tends
to infinity. It may be supposed, therefore, that it surpasses the upper limit of the validity zone of Darcy's law,
and thus the Iinear relationship between velocity and
hydraulic gradient cannot be accepted for the whole seepage
field.
- The intersection of the phreatic surface with the
exit face cannat be identical with the intersection of the
exit face and the level of the tailwater, the latter point
being a singular point. There exists, therefore, a free exit
surface, where the boundary condition is different from
that below the tailwater.
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-Finally the height of the exit point can be determined
from Polubarinova-Kochina's formula. The precondition
of the validity of this relationship is that the discharge is
equal to the value calculated from Dupuit's equation.
The laboratory experiments have shown discrepancy
between the resu1ts of the relationships previously described
and the data measured on models. The discharge surpasses
the theoretical value only slightly, but the height of the
exit point changes considerably with any modification of
the fiow rate. Investigating the capillary effect it was
found that the whole difference between PolubarinovaKochina's theoreticalcurve and the measured data could
be totaly explained by this phenomenon. Thus a unified
system of relationships was developed to consider simultanously the effects of both capillarity and free exit face.
The proposed equations are in good agreement with the
resu1ts of laboratory experiments.
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