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Fig. 3. The course of the seepage line  with changes in pore pressure in steady filtration conditions determined from calcu-
lations in the GEO5 software for a water table with a height of 187.40 m a.s.l. 

d) cross-section P4-4c) cross-section P3-3

b) cross-section P2-2a) cross-section P1-1

foil (Instrukcja, 2011) and the reinforcement of the up-
stream slope with split concrete slabs were omitted in 
calculations. Although not leaktight, these slabs are in 
good technical condition and can be expected to limit 
the water filtration. Therefore, it can be assumed that 
the flow rate will be lower, and so the filtration curve 
will be below a curve calculated by the finite element 
method.

Calculations indicate relatively large differences in 
the seepage line height between steady and transient 
filtration. On the downstream slope at its base, these 
values ranged from 0.58 m in the P3-3 cross-section 
to 1.00 m in the P2-2 section. These changes affirm 
the observations of piezometric water held in the pie-
zometric cross-sections on the downstream slope. The 
Fig. 5 shows changes in the height of the piezometric 
water table recorded in 2015. The water level in the 
reservoir shifted by 1.60 m, resulting in water table 
fluctuations in piezometers that ranged from 0.21 m 
(P9 piezometer – Fig. 1) to 0.59 m (P6 piezometer – 
Fig. 1). Only in the P4 piezometer these fluctuations 
amounted to 0.15 m. This piezometer is probably 
clogged, because registered water level changes do 

not show a clear relation to fluctuations of the water 
table in the reservoir, as was the case with other pie-
zometers.

Comparing the course of the filtration curve de-
termined by the finite element method and measure-
ments of the piezometric water height (see: Fig. 6) 
can indicate a significant coincidence of obtained 
results. Raising the water table level in the reservoir 
also lifted the filtration curve - for example, by 1.0 m 
in the research section P2-2 at the base of the down-
stream slope, and in the piezometric section Pz.3 only 
by 0.34 m. The numerical calculations, taking into 
account the depth of freezing, which for the Podkar-
packie Voivodeship (PN-B-0320: 1981) is 1.0 m, in-
dicated a height reserve of 0.95 m, and measurements 
in piezometers a reserve of about 1.20 m at the base 
of the downstream slope.

Calculations of the volume of the water flow 
through the body and base of dam demonstrate that 
the rate of water outflow to the body from the res-
ervoir’s side and the rate of water outflow from the 
reservoir to the ditch diverged in calculations of tran-
sient filtration. This may indicate the need to extend 
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the time required for determining the flow rate. It 
should be noted, however, that the values of differ-
ences are small, and generally after about 90 days 
for P1-1, P2-2 and P3-3 and 180 for P4-4 the flow 
did stabilize (see: Fig. 7). Therefore, 90 days can be 
taken as the time required for stabilizing the steady 
flow conditions after raising water in the reservoir. 

The observations of fluctuations of the water table 
in the reservoir indicate that such long period of 
high levels as a result of, for example, flood wave 
(see: Fig. 5) crossing through the structure, were not 
recorded. Thus, there is no risk of deterioration of 
working conditions of the facility due to increased 
filtration through the dam body.

Fig. 4. The course of the saturation limit (seepage line) with changes in pore pressure under transient filtration conditions in 
the section P2-2 from the GEO5 software

f) t = 180 dayse) t = 90 days

d) t = 60 daysc) t = 28 days

b) t = 7 daysa) t = 1 day
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Fig. 5. Changes in the height of the water table in the reservoir and in piezometers in 2015

Fig. 6. Changes in the water table level in the dam body based on water readings in piezometres of the Pz.1 piezometric 
cross-section (the hypothetical course of the filtration curve is shown in broken lines)
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a) the P1-1 cross-section b) the P2-2 cross-section

c) the P3-3 cross-section d) the P4-4 cross-section

Fig. 7. The relation between the water flow through the embankment dam to time from calculations of unsteady filtration in 
the Geo5



Gruchot, A.T., Zydroń, T., Zawisza, E., Szałucha, Ł. (2019). Analysis of filtration processes by earth hydrotechnical structures. Acta Sci. 
Pol., Formatio Circumiectus, 18(1), 39–50. DOI: http://dx.doi.org/10.15576/ASP.FC/2019.18.1.39

49www.formatiocircumiectus.actapol.net/pl/

SUMMARY

In conclusion, it is clear that in the body of the later-
al dam “B” of the Maziarnia water reservoir is dom-
inated by non-cohesive soils, mainly medium sands. 
Medium silty clays with sand occurred to a lesser 
extent. Research on the filtration coefficient indicates 
that soils with weak permeability prevail in the dam 
body. The values of this parameter obtained from cal-
culations with empirical equations are from one to 
several orders larger than those from laboratory tests. 
The USBS equation had the best correspondence of 
the filtration coefficient values calculated and obtained 
from the tests. Therefore, it is proposed that filtration 
calculations should be carried out using the coefficient 
of permeability determined from research done at least 
in laboratory. 

The flow calculations showed that the course of the 
filtration curve does not compromise the safety of the 
lateral dam “B”. Its location at the maximum level of 
the water table in the reservoir in 2015 corresponded 
to a depth of ground freezing. This is confirmed by 
numerical calculations, as well as observations of the 
water table in piezometres. 

The computational method used allowed to obtain 
a high correspondence of the filtration curve with wa-
ter observations in piezometers. It was estimated that 
the time for stabilizing the steady flow after raising the 
water table in the reservoir by 1.60 m equals 90 days, 
a much longer period than a flood wave.

The next stage of the research will be to assess the 
stability of the considered structure, while preserving 
changes in the flow and filtration curve in the dam 
body as a result of fluctuations in the water table in 
the reservoir.
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ANALIZA PROCESÓW FILTRACYJNYCH PRZEZ ZIEMNĄ BUDOWLĄ HYDROTECHNICZNĄ

ABSTRAKT

Cel pracy
W pracy przedstawiono obliczenia filtracji przez zaporę boczną zbiornika wodnego „Maziarnia” w Wilczej 
Woli w województwie podkarpackim.

Materiał i metody
W wytypowanych przekrojach, w oparciu o wiercenia penetracyjne i wkopy badawcze rozpoznano budowę 
geotechniczną korpusu zapory oraz pobrano próbki gruntów do badań laboratoryjnych. Wyniki badań właści-
wości fizycznych i współczynnika filtracji gruntów wykorzystano do obliczeń filtracji ustalonej i nieustalonej 
przez zaporę metodą elementów skończonych w programie GEO5.

Wyniki i wnioski
Analiza wyników badań wykazała istotne różnice pomiędzy wartościami współczynnika filtracji uzyskanymi 
z badań laboratoryjnych i obliczonymi wzorami empirycznymi. Obliczenia numeryczne położenia krzywej 
filtracji przez zaporę wykazały stosunkowo dobrą zgodność z krzywą filtracji z pomiarów piezometrycznych.

Słowa kluczowe:  współczynnik filtracji, metoda elementów skończonych, zapora ziemna


