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Figure 1 -(a) Location of East Azerbaijan in Iran, (b) Location of Ahar County in East Azerbaijan, (c) Location of the
Sattar Khan Dam, (d) Cross-section 2 of the Sattar Khan Dam.
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Table 1 - Statistical characteristics of the piezometers used in Cross-section 2.
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Figure 2 -Stages of the research modeling.
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Figure 3 - Recurrent Neural Network [30].
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Table 2 - Results of Scenario 1 modeling using Feedforward and Recurrent Neural Networks.
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Figure 7 - Decomposed subseries of piezometer 212 timeseries using.third-order Haar wavelet.
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Figure 9 - Observed and computed values for the validation stage of piezometer 218.
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Figure 10 - Correlation coefficient of piezometers 212 and 218 with other piezometers.
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Table 3 - Results of Scenario 2 modeling using Feedforward and Recurrent Neural Network.
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Estimation of seepage in earth fill dams using deep
learning and wavelet transform

ABSTRACT
Seepage prediction is one of the important tools in preventing erosion and destruction earth fill dams.In recent

years, due to the uncertainty, complexity, and nonlinearity of seepage relationships, the use of artificial
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intelligence methods for estimation and prediction of this phenomenon has gained attention. The objective of this
research is to estimate seepage in the Starakhan earth fill dam located in northwest Iran. To achieve this
objective, in this research, the long-short-term memory network and the wavelet-deep network hybrid model
have been'used in two different scenarios, and the results obtained from these models have been compared with
the feed forward neural network. The results obtained indicated that deep recurrent networks, in the modeling
ofsthe seepage phenomenon, outperformed the forward neural networks in terms of estimation accuracy. This
can be attributed to.their recursive connection between the output and input at each time step, as well as their
ability to,learn dependencies from previous time sequences. The modeling accuracy was improved by up to 7%
as a resultd Furthermore;, the combined wavelet-deep network model demonstrated superior performance
compared to other models, resulting in a 10% increase in modeling accuracy. In conclusion, the utilization of
deep recurrent networks and the combined wavelet-deep network model in seepage modeling holds the potential
to enhance estimation accuracy‘when, predicting this phenomenon.

KEYWORDS
Earth fill dam seepage, artificial neural network, long short-term memory (LSTM) network,
wavelet transform, Sattarkhan earth.fill.dam



