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Extended Abstract
Introduction
The cost of building dams is very high and their failure can be hazardous. On the other hand, they are vital for

every country as freshwater storage. Deterministic and traditional algorithms can not answer the
multidimensional and complex problems of dam construction, and it is necessary to use hybrid methods based on
probabilities. The problems of fluid movement in their nature have a complexity that modeling and finding
requires using an advanced algorithm that can finally interpret its non-deterministic nature. Earth dams have a
porous, multiphase, and complex medium, and the hydraulic and mechanical variables in different parts are
associated with uncertainty. For this reason, in recent years, the regulations for the design of dams have been
reforming in the direction of applying non-deterministic and probabilistic variables in the calculations. A
probabilistic engineering view leads to a more realistic understanding of design than deterministic approaches. In
the research, artificial intelligence (Al) methods have been used to analyze the data, which provides a predictive
model of behavior for seepage discharge flow through the earth dam. In general, the present research has two
purposes: a) to estimate the effect of uncertainty of the hydraulic conductivity dam on seepage discharge and b)
to provide a model to estimate seepage discharge in a dimensionless way with the gene expression programming
(GEP) and support vector machine (SVM) methods.

Materials and Methods
Monte Carlo simulation (MCS) with 2000 iterations was executed for stochastic analysis. The first step of the

Monte Carlo simulation is the choice of the deterministic performance function. In the second step, the input
variables were defined to the performance function and the probability distribution for variable/variables. By
repeating the process n times, n random answers were extracted for the resulting problem, and finally,
probability density function (PDF) and cumulative density function (CDF) graphs were drawn for the results. In
the Fortran code of this research and to check the convergence, the hydraulic heads were compared to achieve
the difference obtained in iteration n with the obtained value in iteration n-1, and if the difference is less than the
tolerance error, then the program stops. In the next section of the algorithm, the obtained data (from the repeated
execution of the MCS) are converted into a model for a description relationship between the effective seepage
discharge (ESD) and the input variables by using the metaheuristic methods that include; gene expression
programming (GEP) and support vector machine (SVM). After GEP and support vector regression (SVR)
modeling the predicted and observed results were compared by statistical indexes such as MSE, RMSE, MAE,
and Correlation coefficients.

Results and Discussion

The different models of earth dams were implemented in the Fortran program, and the average and standard
deviation of the seepage discharge flow in the uncertainty state were obtained. To determine the relationship
between the ESD value, indicators had been defined that these parameters used for the Gene Expression
Programming model include; K,/K,, W/B, B¢/B, By/B, Hgan/B, Hi/Hgam, and Hy/H,. These were the factors
influencing the seepage discharge of the earth dam, and the discharge component is also defined as the effective
seepage discharge (ESD) in a dimensionless manner. K, and K, are soil permeability in the direction of the
horizontal and vertical axes respectively (m/s), W is the width of the crest, B is the width of the base of the earth



Water and Soil Management and Modeling %

University of Mohaghegh Ardabili

Online ISSN: 2783 - 2546

dam, By is the horizontal distance of the dam tip from the downstream side from the crest, B, is the horizontal
distance of the dam tip from the upstream side crest, Hg,m height of the dam, H, height of the reservoir level, Hq
water height downstream of the dam, all the variables are in meters. By increasing the K,/K, ratio of horizontal
to vertical hydraulic conductivity by 49%, the Effective Seepage Discharge increases by 14%. If the horizontal
variable of permeability is increased by 25%, the ESD rate increases by 4.56%, similarly, if the vertical variable
is increased by 25%, the ESD decreases by 4.72%.

Conclusion

After finite element analysis, and modeling with two methods of gene expression programming (GEP) and
support vector regression (SVR), the statistical analysis of the methods showed that the two calculation models
had a good prediction of the ESD with a correlation coefficient above 0.9. Vertical hydraulic conductivity (Ky)
has a greater effect on the ESD rate than horizontal hydraulic conductivity (Kx). The results of the geometric
investigation of the dam also show that the increase in the ratio Hdam/B has a direct impact on the ESD and also
the lower the slope downstream of the dam leads to the lower the ESD. The statistical analysis was used to
compare the results of the data obtained from Fortran output for SVR and GEP models. In general, the SVR
model is closer to the model resulting from the Fortran code rather than the GEP model, and it has a low root
mean square error (RMSE) and a high correlation coefficient.

Keywords: Fortran programming language, Porous medium, Probabilistic analysis, Probability density function
(PDF), Soil hydraulic conductivity, Support vector machine (SVR).
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Table 2- Genetic operators in the gene expression programming
of the present study

Hlde 4ilo FiKe Sas
138 il ooy 8 22 5]
138 o ool gl slodysS, e oy bl gy
30 lapgja09,S sluss 3 Loy olass
e ol
10 roj » et -10 Ol Bdgd0
Flggtilnntg- lodls g4 10 YU b3ga5xe
RETIPINCIw
0.00138 ol 0.0055 Tail Inversion
fhe Stumbling
0.00068 b ddyy e 0.0014 Mutation
0.00206 %3959 &b 0.0076 ;43)1@59, S kb

0.00364 Conservative Mutation  0.0028 Voj S ik
0.00182 Conservative Fixed-Root 0.0026

Mutation Bl paigesS
0.00546 IS Ju! 0.00102 " sslas Sasgls
0.00546 Sl 00026 " p Suigs

I ond sz > ol imgh 4 bgrpe (5,8 S

Glogite | LS & Cusl okb odlitel S5 sladils
ol S Cige Glatend Jlasl S5 il ol
Slacby; 2lSer wop gl ¥ JSS Gilhe pzen
015 slog) (clails dtuwgy ©sod (k) 2l dan (gl

! Crossover

2 Mutation

% Constants per gene

4 Fixed-root mutation

5 Function insertion

& Uniform recombination
” Gene recombination

8 Random cloning

® Inversion

10 Best cloning



yod

- Gl P50 (23 (G5lwdns 53 Cumhad s g

~ Definition of
Start > /
et variables

e

Reading the input text file (zeometric
specifications, average and standard deviation of
‘probability variables, mumber of repetitions.)

Allocation of memery to dynamic arays

‘ Extraction of Standard distribution function |

Specify size for arrays of coefficients matrix and
storage by Skyline method

Monte Carlo Loop Y

| Summing up the total conductivity matrix }7 —

| enatytical satution of conductivity matsis |

Determining the boundary clements of the hydraulic load
upstream, downstrean of the earth dam and seepage level

¥

Solving equations with the help of Cholsky
factorization and back-forward substitution

Seepage Flow Rate

Definition of ESD and Input parzmeters for SWhand GEP

- Ve I
Stop Semulation Print Average and standard deviation for .

(Kx/Ky, W/B, BdB, BuB, Hdam'B, Hu/Hdam, HiHu)

Data acquisition

Cieate Initial Population

Support parameter inifial value

<Ts this Best of

Generation Initial values

Fitting Input and output parameter
value

To detect fitting eror

Super parameter
adjustment

Is ervor minimum?

Prepare New < Stop SVM model >

Derivation of a model for SVM

[ Statistical anatysis to Estimate Fitness and Exror |

< Stop GEP model ——

Derivation of for ESF

< End

(GEP) 035 ol (oww il o1 591 b (MCS) o 5 iign ( SV Lain ] (g5 lwanad casS 35 g1 (Sao pols g o 19801 - € JSS

(SVR) oylwinis 513 1 comilo g

Figure 4- The present research algorithm is based on the combination of probabilistic Monte Carlo simulation (MCS) with Gene
Expression Programming (GEP) and Support Vector Machine (SVR) methods
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Table 4- Specifications of geometric models of earth dam to determine the scale effect
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0.08 0.25 0.42 1.00 0.17 1.00 a
0.04 0.26 0.45 1.00 0.10 1.00 b
0.02 0.29 0.46 1.00 0.08 1.00 c
0.02 0.34 0.46 1.00 0.07 1.00 d
0.01 0.36 0.47 1.00 0.07 1.00 e
0.01 0.21 0.48 1.00 0.04 1.00 f
0.01 0.18 0.49 1.00 0.03 1.00 g
0.01 0.16 0.49 1.00 0.02 1.00 h
0.01 0.15 0.49 1.00 0.02 1.00 i
0.01 0.14 0.49 1.00 0.02 1.00 j
0.00 0.14 0.49 1.00 0.02 1.00 k
0.00 0.13 0.49 1.00 0.02 1.00 |
0.00 0.13 0.49 1.00 0.02 1.00 m
0.00 0.12 0.49 1.00 0.02 1.00 n
0.00 0.11 0.49 1.00 0.01 1.00 0
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Table 5- Probability estimation of seepage discharge through the earth dams considering the scale effect
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Figure 6- PDFs for models considering the impact of dimensions or Scale Effect
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Table 6- Probability estimation of seepage discharge through the earth dams considering the scale effect
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0.50 3.47 a
1.27 8.99 b
2.60 185 c
4.41 315 d
6.09 437 e
5.01 35.1 f
5.16 35.7 g
5.52 37.7 3.33x10” 5x10° h
6.18 41.9 i
6.66 44.6 g
7.29 48.4 k
7.85 51.4 I
8.47 54.9 m
9.01 56.9 n
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Table 7- Probabilistic analysis results for seepage values during horizontal to vertical permeability (Kx/Ky) changes

Dol o e Szl gl (20 5l Lo Gl

e Gl

Colas ey

(e @‘SL’B»QM:SAP) ~ ){(%fs‘)m) ? e " 5 "| 7 S50 Slpien Ksul‘ ‘5‘(‘]5)::0 Ki/Ky 3 4 a8l
Rt o SD ky & = Ky (st » ) X107 x (458 5 20) By (Soges & 28
x10 x10 SD x 7
1.768 11.54 4.69 333 0.71
1.747 115 4.46 333 0.75
1.727 11.46 425 3.33 0.78
1.709 11.42 4.05 3.33 0.82
1.693 11.38 3.85 333 0.86
1.678 11.34 3.67 3.33 0.91
1.664 11.3 350 333 0.95
1.651 11.27 5x10° 5x10® 3.33 333 1.00
1.644 11.79 3.33 350 1.05
1.637 12.34 3.33 3.67 1.10
1.63 12.92 333 3.85 1.16
1.622 13.52 3.33 4,05 1.22
1.614 14.15 3.33 425 1.28
1.607 14.82 3.33 4.46 1.34
1.601 1551 3.33 469 1.41
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Figure 7- PDF of seepage discharge estimation for changes in horizontal to vertical permeability ratio (Kx/Ky) changes
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Dataset Sheetl in stochastic:

Dependent: ESD

Independents: Kx/Ky, W/B, Bd/B, H(dam)/B,
Hu/H(Dam),Hd/Hu

Sample size = 103 (Train), 35 (Test), 138 (Overall)

Support Vector machine results:

SVM type: Regression type 1 (capacity=10.000,
epsilon=0.100)

Kernel type: Radial Basis Function (gamma=0.167)

Number of support vectors = 20 (11 bounded)

Mean error squared = 0.000(Train), 0.000(Test),
0.000(Overall)

S.D. ratio = 0.255(Train),0.271(Test),0.260(Overall)

Correlation coefficient =
0.967(Train),0.964(Test),0.966(Overall)
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Figure 10 - Text output for Support Vector Machine
(SVM) indicators
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Table 8- Statistical indicators to compare the accuracy of
Machine Learning models
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